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Abstract
Objective-To determine the ability ofmeasure-

ments of bone density in women to predict later
fractures.
Design-Meta-analysis of prospective cohort

studies published between 1985 and end of 1994
with a baseline measurement of bone density in
women and subsequent follow up for fractures.
For comparative purposes, we also reviewed case
control studies ofhip fractures published between
1990 and 1994.
Subjects-Eleven separate study populations

with about 90 000 person years ofobservation time
and over 2000 fractures.
Main outcome measures-Relative risk of frac-

ture for a decrease in bone mineral density of one
standard deviation below age adjusted mean.
Results-All measuring sites had similar pre-

dictive abilities (relative risk 1.5 (95% confidence
interval 1.4 to 1.6)) for decrease in bone mineral
density except for measurement at spine for
predicting vertebral fractures (relative risk 2.3
(1.9 to 2.8)) and measurement at hip for hip frac-
tures (2.6 (2.0 to 3.5)). These results are in accor-
dance with results of case-control studies. Predic-
tive ability of decrease in bone mass was roughly
similar to (or, for hip or spine measurements,
better than) that of a 1 SD increase in blood pres-
sure for stroke and better than a 1 SD increase in
serum cholesterol concentration for cardio-
vascular disease.
Conclusions-Measurements of bone mineral

density can predict fracture risk but cannot identify
individuals who will have a fracture. We do not
recommend a programme ofscreening menopausal
women for osteoporosis by measuring bone density.
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Introduction
Osteoporosis-low bone density leading to fractures

after minimal trauma-is a considerable problem in health
care because of its potentially severe consequences for
both the patient and the health care system if a fracture
occurs. Estimates of the prevalence of osteoporosis vary
with the specific definition chosen, but the World Health
Organisation has estimated that 30% of all women aged
over 50 (postmenopausal) have osteoporosis according to
a definition of bone mineral density being more than 2.5
standard deviations below the mean for young healthy
adult women at any site.' Hip fractures are the most seri-
ous and costly potential result of osteoporosis: the
300 000 cases in 1991 in the United States were associated
with a total cost of about $5bn in 1990, including fees for
nursing homes and private and public care services.2 This
is also a major problem in other countries. In Europe the
Scandinavian countries currently have the highest
prevalence of osteoporotic fractures, and the incidence is
increasing more than would be expected from demo-
graphic changes in age and sex ratio.3

It is therefore important to find ways of preventing
osteoporotic fractures. Measuring bone mineral density
has been discussed as one method for early
identification of individuals at high risk of a fracture,
although it is only one of a number of risk factors for
fracture."' Bone density, however, is a continuous vari-

able, and it has been criticised as a screening measure
because case-control studies of hip fracture showed a
large overlap in the bone densities of patients with a
fracture and in the densities of those without a fracture.8
The aim of our study was to determine, by a system-

atic review of the literature for all prospective studies, if
measurements of bone density in women could predict
fractures of any type. This was undertaken as one com-
ponent for a report on measurements of bone density
from the Swedish Council on Technology Assessment in
Health Care.9 For comparison, we also reviewed
case-control studies of hip fractures.

Methods
We identified literature for this report by several

methods. Computer databases of the medical
literature-Medline, EMBASE, and SweMed-were
the primary source but were supplemented with reviews
of reference lists of selected papers, references provided
by colleagues, and known grey literature on this topic.
Bone density must have been measured by absorpti-
ometry (single or dual energy, photon or x ray), quanti-
tative computed tomography, quantitative magnetic
resonance imaging, or ultrasound scanning. We did not
include studies using roentgenograms or metacarpal
measurements. We restricted all searches to articles
published from 1985 to 1994. In a preliminary search
we found only papers published in English, and we
restricted all later searches to articles in English. In an
attempt to increase the comparability of the technolo-
gies used, methods of measurement, and analytic
approaches we excluded articles published before 1985.
Bone densitometry with current methods has been per-
formed only since the early 1980s. We based our
searches on the keywords "bone and bones," "bone
density," "bone mineral content," and "densitometry"
combined with the different techniques and equip-
ments. We identified a total of 1084 articles in this way,
and 229 studies fulfilled our requirements.

PROSPECTWVE COHORT STUDIES
These were prospective studies with a baseline

measurement ofbone density and subsequent follow up
for fractures. Fractures must have occurred after the
bone density measurement had been taken. Study sub-
jects must not have received treatments for bone or hor-
monal related disorders. The subjects may, however,
have had previous fractures at the start of the study.
We included only studies of adult women. After we
had identified potential articles, they were reviewed
independently for inclusion in the overview by three
people (an expert in osteoporosis, an epidemiologist or
biostatistician, and a worker in public health). Any dis-
agreements about including a study were resolved
through discussion.

Before evaluating the results, the reviewers evaluated
each paper individually for quality with an instrument
developed for our analysis. This considered the
potential bias in the study resulting from how the
patients were selected, the numbers and types of
patients who were lost to follow up, and the method
used to identify fractures (the primary outcome in this
study). The reviewers then gave each study a quality
score, with a maximum possible score of 25.
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Calculations
In most cases, there was more than one publication

for each study population. We sometimes used different
papers to calculate the predictive value of bone density
measured at different sites, but in general we used the
paper with the longest follow up time for each
population as the basis for calculations.
As the main outcome measure of our analysis, we

chose relative risk of fracture associated with a decrease
in bone density of one standard deviation adjusted for
age. This compares the risks for two women of the same
age with a difference of 1 SD in their bone density. This
measure is robust in that it is independent ofpopulation
characteristics and measuring devices, and it could also
be calculated from all recent studies of good quality.

For pooling study results to a common measure, we
used slight modifications of conventional methods.'0
Most of the reviewed papers used the Cox proportional
hazards model or logistic analysis for estimating relative
risks or odds ratios adjusted at least for age. The risks in
the reviewed papers were all small, and we considered
relative risks and odds ratios as equivalent. One paper
calculated risks based on fractures and not on individual
people as the statistical entity. Several fractures in one
individual do not contribute with independent obser-
vations, which underestimates the variance in the
analysis." We therefore estimated the number of
individuals and recalculated the variance in order to
control for this bias.

All risk measures were calculated for a 1 SD decrease in
bone density.We then pooled these risks to a common risk
ratio including all relevant studies and calculated the 95%
confidence interval for the pooled risk ratio. More
formally, let RRi be the observed age adjusted relative
risk for 1 SD decrease in bone density in study number
i. Or let bi = ln(RR3 be the 0 coefficient in the logistic or
Cox equation from study i and the weights vi defined by
vi = [variance (b3]-'. From the observed confidence
interval for RRi we estimated the variance of bi and also
vi. The weighted sum Ivhb is normally distributed with
variance Evi. The pooled (weighted) estimate from sev-
eral studies i = 1, ..., n is exp(X:vhb), and the 95% confi-
dence interval for this entity is calculated as
exp[Mv,bi ± 1.96 x (Vlvi)]. This method, which is a
fixed effect model, is asymptotically close to the
Mantel-Haenszel method.'"
As an alternative method for weighting the individual

relative risks, we chose weights proportional to the
quality scores described above and calculated the
pooled estimates based on scores. We also performed
tests of homogeneity at a level of P=0.05.
We calculated the sensitivity, specificity, positive

predictive value, and the population attributable risk
fraction for a cut point in bone density of 1 SD below
the age adjusted mean. We chose three different values
for the lifetime incidence of fracture: 3%, 15%, and
30%. A value of 3% represents a low incidence-a
group of Swedish women with low risk for hip fractures
(not more than two risk factors) had a cumulative inci-
dence of fractures over 10 years of 3% (O Johnell,
unpublished data). A lifetime incidence of 30% is
possible for a group ofwomen at high risk based on pre-
dictors other than bone density (such as tendency to
fall). The population attributable risk fraction is the
proportion of disease in the population that theoreti-
cally could be eliminated if those people with bone den-
sity below a certain cut point could be treated to restore
normal bone density. The population attributable risk
fraction is defined as (I-IO)II where I is the incidence in
the population and Io is the incidence in the group
above the cut point (that is, with "normal" bone density
values).

In addition, we compared the ability of bone density
measurements to predict fractures with the predictive
abilities of blood pressure for stroke (data from

Sehmer'2) and of smoking and serum cholesterol
concentration for heart disease (from H Wedel, unpub-
lished data). In order to compare these risk factors for
different endpoints, we calculated the relative risk for a
change of 1 SD of each risk factor.

CASE-CONTROL STUDIES
These were case-control studies published since 1990

that compared the bone mineral density in women with
hip fracture with that in age matched controls who rep-
resented the normal population. The measurement of
bone density in cases must have occurred within 14
days of fracture. We excluded studies published before
1990 because these have been reviewed elsewhere.5 8 13

In order to compare the results from the cohort and
case-control studies, we translated difference in bone
mineral density between cases and controls into odds
ratios. Since the bone mineral density can be
approximated- by normal distributions in both cases and
controls with the same variance, we used exp(AB) as the
odds ratio for a difference of 1 SD in bone mineral den-
sity, where AB is the standardised difference in bone
mineral density between cases and controls with the
variance in controls being used for standardisation. We
pooled the results of the studies after using the size of
each study for weighting.

Results
PROSPECTIVE COHORT STUDIES

Table 1 give details ofthe 11 study populations, consist-
ing of about 90 000 person years of observation and more
than 2000 fractures, that were suitable for inclusion in our
analysis.""3' Follow up ranged from 1.8 to 24 years. We
found no association between the relative risk for decrease
in bone density of 1 SD and the length of follow up. The
average total scores for quality of the studies ranged from
1 1.7 to 19.3 out of a possible score of 25. The quality score
was not related to the size ofthe study measured by person
years of follow up.
We divided the pooled estimates from the meta-analysis

bytype offracture-forearm (distal end ofthe radius), hip,
vertebral, and all types-and by measurement site-
proximal radius, distal radius, hip lumbar spine, calcaneus,
and all sites (overall estimate). The results of this analysis
show that most measuring sites had virtually the same pre-
dictive ability for a decrease of 1 SD in bone density (table
2). There were two exceptions to this general observation.
Measurement at the spine seemed to have a better predic-
tive ability for spine fractures (relative risk 2.3 (95% confi-
dence interval 1.9 to 2.8)), while measurement at the hip
was better for predicting hip fractures (relative risk 2.6 (2.0
to 3.5)). The test of homogeneity was rejected for
measurements of bone density at the proximal and distal
radius and hip for all types of fracture.Weighting for qual-
ity scores gave similar results so no further analysis was
done in this respect.

Table 3 shows the sensitivity, specificity, positive
predictive value, and the population attributable risk
fraction for a cut point in bone density of 1 SD below
the age adjusted mean. In this case the odds ratio
between those below the cut point compared with those
above was 4.4. The sensitivity and population attribut-
able risk decreased with increasing lifetime incidence of
fractures. The positive predictive value was large for the
higher lifetime incidences.

Table 4 shows the predictive ability of bone density
measurements in comparison with that of risk factors
for stroke and heart disease. A 1 SD decrease in bone
mass was roughly similar to (or, for hip measurement,
better than) the predictive ability of a 1 SD increase in
blood pressure for stroke and better than a 1 SD
increase in serum cholesterol concentration for
cardiovascular disease.
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Table 1-Summary details of prospective studies of predictive value of bone density for fractures that were included in meta-analysis

Mean age Relative risk
Size of at entry Average Site of bone Type of fracture (95% confidence
cohort to study years of Quality density (No of women with interval) adjusted

Study population followed (years) follow up score measurement fracture) for age

HuI etal1415
Indiana Medical Center, USA 386

Outpatients

135
Inpatients

Glrdsell tal1617
Malm6 General Hospital, Sweden

57

1076 63

6.7

5.5

13.0

15.0

Wasnich and colleagues18-22
Kuakini Medical Center, Honululu, USA

Cummings and colleagues23-29
University of Califomia, USA

109 18-20 63

64921 22

813423

970424

813425

73

72

73

970426 27 72

458628 29 74

Melton et a/3
Mayo Clinic and Mayo Foundation,

Rochester, USA

Nordin and colieagues31 32
Royal Adelaide Hospital, Australia

Lester et a/>
University of North Carolina, USA

Porter et a/3
University Medical School, Aberdeen, UK
Nguyen et 8a35
St Vincent's Hospital, Darlinghurst, Australia
Cheng et a36
University of Jyvaskyla, Finland
Heaney and colleagues37 38

Creighton University, Omaha, USA

304 60

492 Not
specified

383 Not
specified

1414 83

1080 69

320 76

191

4.7

1.8

2.2

0.7

2.2
(SD 1.6)

4.9

8.3
(95% confidence

interval
0.1 to 10.2)

5.0

4.0

2.0

3.2

2.8

24.0

16.8 Proximal radius Forearm (17)
Hip (32)
All non-spine (89)

Proximal radius Forearm (17)
Hip (32)
All non-spine (89)

17.2 Proximal radius Hip (43)
Vertebral (70)
Fragility (154)

Distal radius Hip (43)
Vertebral (70)
Fragility (154)

Proximal radius Fragility (96)
Distal radius Fragility (96)

17.0 Distal radius
Proximal radius
Calcaneus
Lumbar spine
Spine
Calcaneus

18.8 Middle radius
Distal radius
Calcaneus
Proximal femur
Lumbar spine
Distal radius

Distal radius
Proximal radius
Calcaneus
Proximal femur
Lumbar spine
Distal Radius

Proximal Radius

Calcaneus

Calcaneus

Vertebral (61)
Vertebral (61)
Vertebral (61)
Vertebral (61)
All (15)
Vertebral (83)

Hip (65)
Hip (65)
Hip (65)
Hip (65)
Hip (65)
Distal forearm (171)
Proximal humerus (79)
All non-spine (191)
All non-spine (191)
All non-spine (191)
All non-spine (191)
All non-spine (191)
Humerus (79)
Hip (78)
Humerus (79)
Hip (78)
Humerus (79)
Hip (78)
Vertebral (314)
Hip
All (695)

19.3 Lumbar spine Distal forearm (<22)t
Proximal femur (<15)t
Vertebral (37)t
All (93)t

Proximal femur Distal forearm (<22)t
Proximal femur (<15)t
Vertebral (37)t
All (93)t

Femoral neck Distal forearm (<22)t
Proximal femur (<15)t
Vertebral (37)t
All (93)t

Distal radius Distal forearm (<22)t
Proximal femur (<15)t
Vertebral (37)t
All (93)t

Middle radius Distal forearm (<22)t
Proximal femur (<15)t
Vertebral (37)t
All (93)t

13.5 Forearm

14.0 Forearm

11.7 Calcaneus

All (57)

Wrist (31)
Hip

Hip (73)

19.0 Femoral neck All (192)

18.3 Calcaneus All (27)

19.3 Proximal radius All (<31)t

4.4 (2.2 to 8.7)

2.6 (2.0 to 3.4)
1.2 (0.6 to 2.2)
1.9 (1.4to2.7)
1.5 (1.2 to 2.0)

2.5 (1.3 to 4.8)-
1.9 (1.05 to 3.5)-
1.9 (1.05 to 3.5)-
2.1 (1.06 to 4.1)-
2.4 (1.1 0 to 5.2)*
2.6 (1.6 to 4.1)*
3.2 (1.5 to 4.5)
2.6

2.0 (1.5 to 2.6)
2.0 (1.5 to 2.7)
2.4 (1.8 to 3.2)
2.2 (1.7 to 3.0)
2.0 (1.2 to 3.0)
1.8 (1.4 to 2.4)

1.5 (1.2 to 1.9)
1.6 (1.2 to 2.1)
2.0 (1.5 to 2.7)
2.7 (2.0 to 3.6)
1.6 (1.2to2.2)
1.7 (1.4 to 2.1)
2.0 (1.5 to 2.7)
1.4 (1.2 to 1.7)
1.3 (1.1 to 1.5)
1.5 (1.3 to 1.8)
1.4 (1.2 to 1.6)
1.4 (1.2 to 1.6)
2.0 (1.6 to 2.7)
1.5 (1.1 to 1.9
2.0 (1.6 to 2.5)
1.4 (1.1 to 1.8)
1.9 (1.4 to 2.4)
1.7 (1.3 to 2.2)
1.7 (1.3 to 2.3)
2.7 (1.8 to 4.0)
1.5 (1.4 to 1.7)

1.8 (1.0 to 3.1)
1.9 (0.9to3.7)
1.9 (1.3 to 3.0)
1.4 (1.1 to 1.8)
1.6 (1.1 to 2.4)
2.3 (1.2 to 4.6)
1.5 (0.9 to 2.4)
1.2 (1.0 to 1.6)
1.6 (0.9 to 2.6)
2.3 (1.2 to 4.5)
1.5 (1.1 to 2.7)
1.2 (1.0 to 1.8)
2.7 (1.5 to 4.9)
2.6 (1.2 to 5.4)
1.3 (0.9to2.1)
1.1 (0.8 to 1.5)
1.6 (0.9to3.1)
1.3 (0.6 to 2.7)
2.2 (1.4 to 3.6)
1.2 (0.9to 1.6)

1.4 (1.1 to 1.9)

1.6 (1.1 to 2.3)

2.0 (1.5 to 2.5)

2.4 (1.9 to 3.0)

1.7 (1.0 to 2.6)

1.7 (1.1 to 2.6)

*Confidence intervals estimated by us from data reported in the paper.
tNo of women with fractures estimated from its upper limit (number of fractures).
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Table 2-Summary of meta-analysis: relative risk (95% confidence interval) of fracture for 1 SD decrease in bone den-
sity below age adjusted mean

Site of Fracture type
measurement of
bone density Forearm Hip Vertebral All

Measurement by methods other than ultrasound
Proximal radius 1.8 (1.5 to 2.1 )14-17 23-30 2.1 (1.6 to 2.7)14-17 23-30 2.2 (1 .7 to 2.6)14 15 18-22 30 1.5 (1.3 to 1 .6) 14-17 23-32 37 38
Distal radius 1.7 (1.4 to 2.0)1617 23-30 1.8 (1.4 to 2.2)16 17 23-30 1.7 (1.4 to 2.1 )16-22 30 1.4 (1.3 to 1.6)"1617 23-30 33
Hip 1.4 (1.4 to 1.6)23.30 2.6 (2.0 to 3.5)23-30 1.8 (1.1 to 2.7)30 1.6 (1.4 to 1.8)*23-30 35

Lumbar spine 1.5 (1.3 to 1.8)23-30 1.6 (1.2 to 2.2)23-30 2.3 (1.9 to 2.8)18-30 1.5 (1.4 to 1.7)18-30 35
Calcaneus 1.6 (1.4 to 1.8)23-29 2.0 (1.5 to 2.7)23-29 2.4 (1.8 to 3.2)18.22 1.5 (1.3 to 1.8)23-29 36
All 1.6 (1.5 to 1.7)14-17 23-30 2.0 (1.7 to 2.4)14-17 23-30 2.1 (1.9 to 2.3)14-30 1.5 (1.4 to 1.6)*14-33 35-38
Measurement by ultrasound
Calcaneus 2.2 (1.8 to 2.7)23-29 34 1.8 (1.5 to 2.2)18-29 1.5 (1.4 to 1.7)23-29

*Test of homogeneity rejected (P<0.05).

Table 3-Sensitivity, specificity, positive predictive value,
and population attributable risk for a cut point in bone
density of 1 SD below age adjusted mean associated with
three different lifetime incidences of hip fracture. Relative
risk of hip fracture is assumed to be 2.6 per 1 SD
decrease in bone density

Lifetime incidence (%)

3 15 30

Sensitivity (%) 47 37 34
Specificity (%) 83 88 89
Positive predictive value (%) 9 36 58
Population attributable risk (%) 36 26 21

CASE-CONTROL STUDIES

Table 5 gives details of the eight case-control studies
of hip fracture that met the inclusion criteria."" The
average odds ratio for a difference of 1 SD in bone den-
sity was 2.7, 2.8, 2.1, and 1.8 for bone density measure-
ments at the femoral neck, trochanter, Ward's triangle,
and lumbar spine respectively. Thus these results also
suggest that measurements of bone density at the hip
are superior to measurement at the spine for predicting
hip fractures.

Discussion
PREDICTIVE ABILITY OF BONE DENSITY MEASUREMENTS

For how long can a single bone mineral measurement
predict fractures? The longest follow up was for 24
years, and the relative risk of reduced bone density was
1.7 (95% confidence interval 1.1 to 2.6). However, the
study cohort was only 191 women. Gardsell et al
observed a similar risk in an early study with 11 years of
follow up, which showed a decreasing ability to detect
fracture risk after the age of 70 80."6 Black et al found a
slightly smaller risk ratio after two years of follow up.2"
Another question is whether bone density has the

same ability to predict fractures at all ages. In a recent

paper Nevitt et al showed that bone mineral density
could predict fractures equally well over a three year
period up to the age of 80: "Thus it seems that an old
age bone mineral density can predict fracture, at least
for a 3-year-period. However, the life expectancy in
Sweden at age of 80 is 8.4 years. Another problem is
that very few studies, except Gardsell and others, have
studied the predictive ability between age 50 to 60."28
There are few studies in men, but the predictive abil-

ity of bone density measurements seems to be similar
for men and women."

Homogeneity was rejected for measurements of bone
density at the proximal radius, distal radius, and hip for all
types of fracture (table 2). It seems natural that the studies
involving a specific measurement site and a distinct
fracture type were more homogeneous, and the results in
these studies should be more reliable. A heterogeneity
test"0 has low power to detect differences between studies
and is not a sensible test of homogeneity. When
homogeneity was rejected we did not perform a random
effect model because of the small numbers of studies but
noted the heterogeneity as a warning.
The predictive ability of ultrasound measurement of

bone density is uncertain since only one published paper
has used this method.34 Two recent abstracts have also
been published. One described a retrospective study which
showed that bone density measured by ultrasound at the
calcaneus was as good' in predicting hip fracture as
measuring bone density by dual energy x ray or single
energy photon absorptiometry at the hip.20 The other
abstract reported similar results for vertebral fractures,
but, because the ultrasound measurements were not
highly correlated compared with other bone density
methods, it was suggested that ultrasound might
measure different aspects of bone strength to provide
complementary information about fracture risk.22

POTENTIAL FOR SCREENING

Bone density measurements can predict risk of
fracture but cannot identify individual people who will

Table 4-Relative risk of fracture for 1 SD decrease in bone density compared with relative risks in women for stroke
and coronary heart disease

Risk of coronary heart disease
Risk of any fracture Risk of stroke for

Risk of hip fracture for 1 SD decrease in 1 SD increase in For 1 SD increase in
Age for 1 SD decrease in bone density at diastolic blood serum cholesterol
(years) bone density at hip any site pressure concentration For smoking*

30-39 2.2
40-49 2.1 1.5 1.7
50-59 1.8 1.4 1.7
60-69 1.7 1.2 1.7
70-79 2.6 1.5 1.4
80-89 1.3

*Comparing smoking 10-14 cigarettes a day with not smoking (comparable to 1 SD difference in smoking habits).
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Key messages

* Osteoporosis has potentially severe consequences for both patients and the
health care system if a fracture occurs
* Measuring bone mineral density has been suggested as a method of identify-
ing individuals at high risk of fracture in a preventive context
* Our meta-analysis of prospective studies showed that all studies measuring
bone density at any site had similar predictive ability for a decrease of 1 SD in
bone density except for measurements at hip and spine, which have better
predictive ability for fractures in hip and spine respectively
* Predictive ability of decrease in bone mass was roughly similar to (or, for hip
or spine measurements, better than) that of a 1 SD increase in blood pressure for
stroke and better than a 1 SD increase in serum cholesterol concentration for
cardiovascular disease
* Although bone mineral density measurements can predict fracture risk, they
cannot identify individuals who will have a fracture, and a screening programme
for osteoporosis cannot be recommended

have a fracture. As with most continuous predictors in
medicine, there are no obvious cut off values for screen-
ing, and consideration must be given to the potential
risks and harms associated with screening. This conclu-
sion is supported by both the prospective cohort data
and the case-control data for hip fractures. However, the
problem of false positives in predicting fractures may
not be as stressful for patients as it would be in screen-
ing for cancer.
Law et al made a similar analysis of case-control stud-

ies of hip fracture to ours and found a much lower pre-
dictive ability for measurements of bone density (odds
ratios of 1.35 for all measurement sites and 1.7 for mea-
surement at the femoral neck). They calculated a detec-
tion rate of 30% and a false positive rate of 15% for

Table 5-Summary of case-control studies of hip fracture in women (published since
1990)

Difference Odds ratio
in bone of fracture
density for 1 SD

Relative between decrease
No of No of weight of cases and in bone

Study cases controls study (%) controls* density

Measurement at femoral neck
Greenspan et al 199445 56 70 15 -0.7 2.0
Sugimoto et al199446 38 162 15 -0.9 2.5
Karlsson et all99344 67 70 17 -0.4 1.5
Kanbera et al 199243 32 133 13 -1.2 3.3
Libanati et all99242 29 13 4 -2.2 9.0
Nakamura et al199241 100 35 13 -0.4 1.5
Perloff etal199140 18 50 6 -1.1 3.0
Chevalley etal199139 57 82 17 -1.2 3.3
Weighted average -0.90 2.68
Measurement at trochanter
Karlsson et al 199344 67 70 32 -0.6 1.8
Kanbera et al 199243 32 133 24 -1.3 3.7
Libanati et al 199242 29 13 8 -1.8 5.8
Nakamura et al199241 100 35 24 -0.5 1.7
Perloff etal199140 18 50 12 -1.3 3.7
Weighted average -0.97 2.79
Measurement at Ward's trlangle
Karlsson et al199344 67 70 32 -0.5 1.7
Kanbera eta/ 199243 32 133 24 -0.7 2.0
Libanati et al 199242 29 13 8 -1.6 4.8
Nakamura et al 199241 100 35 24 -0.4 1.5
Perloff et a/ 199140 18 50 12 -1.0 2.7
Weighted average -0.68 2.10
Measurement at lumbar spine
Sugimoto et all99446 38 162 22 -0.5 1.7
Karlsson et al1 99344 67 70 25 -0.6 1.8
Kanbera etal 199243 32 133 19 -0.5 1.7
Perloff et al 199140 18 50 10 -0.6 1.8
Chevalley et al 199139 57 82 24 -0.7 2.0
Weighted average -0.57 1.81

Expressed in terms of SDs of control mean value.

measuring bone density at the femoral neck as a screen-
ing tool, based on a cut off of 1 SD below the mean
density of the controls.6 We repeated their calculations
with our more recent data for hip fractures and bone
density measured at the hip (odds ratio 2.6) and found
a detection rate of 50% and a false positive rate of 15%.
The sensitivity and population attributable risk for

bone density decreased with increasing lifetime
incidence of fractures (table 3). This is because the cut
point in bone density was defined in the whole popula-
tion and not defined among the subjects who would
remain free of a fracture. In calculating the population
attributable risk fraction, which indicates the potential
for preventing fractures, we assumed that women with
bone densities below the cut point could be treated suc-
cessfully to increase their bone density to the mean
value of the population.
The value of the age adjusted relative risk for 1 SD

decrease in bone density should be interpreted cautiously
since this assumes that there is a linear relation in the loga-
rithm of the risk, whereas the relation is probably steeper.
In a cohort of elderly women Nevitt et al found that those
with bone mineral densities below the lowest quartile of
bone density (age adjusted) had an incidence of hip
fractures of 32/1000 person years compared with
incidences of 14/1000, 10.3/1000, and 1.4/1000 for the
women with bone densities in the other three quarters
(in ascending order) respectively.28 These data suggest
that the overall risk ratio for a 1 SD decrease in bone
density among women with low bone densities may
underestimate the risk since the risk gradient is steeper
in the lower ranges of bone density values.

Using bone density measurements alone to predict
fractures is analogous to using blood pressure to pre-
dict stroke and serum cholesterol concentration to
predict coronary heart disease. We found that the
predictive ability ofbone mass was similar to (or, for hip
measurement, better than) that of blood pressure for
stroke"2 and better than that of serum cholesterol for
cardiovascular disease (H Wedel, unpublished data).

Even though bone density can predict fractures in a
similar way as blood pressure for stroke, we cannot recom-
mend a screening programme for osteoporosis by measur-
ing bone density. There is a wide overlap in the bone
densities ofpatients who develop a fracture and those who
do not. Thus, bone mineral density can identify people
who are at increased risk of developing a fracture, but it
cannot with any certainty identify individuals who will
develop a future fracture. As such, it could possibly be used
for selective screening, but there are other factors that
speak against this. Too little is known about the practical
aspects of such a programme, including compliance rates
for attending a screening programme and compliance to
the treatment, and there is little information on the effec-
tiveness of treatnent, particularly any that show a
reduction in fractures.' 47 48
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Abstract
Objective-The almost twofold difference in

lung cancer incidence between people living in
Copenhagen and in the rural areas ofDenmark in
the 1980s led to public concern; this study was
undertaken to assess the effects of air pollution
and occupation on lung cancer in Denmark, with
control for smoking habits.
Design-Cohort study ofnational population.
Subjects-People aged 30-64 and economically

active in 1970 (927 470 men and 486 130 women).
Main outcome measures-Relative risks for

lung cancer estimated with multiplicative Poisson
modelling ofincidence rates.
Results-Differences in smoking habit ex-

plained about 60% ofthe excess lung cancer risk in
Copenhagen for men and 90% for women. After
control for smoking, workers had double the lung
cancer risk of teachers and academics. There was
only a small independent effect ofregion.
Conclutsion-Smoking is the main factor behind

the regional differences in lung cancer incidence
in Denmark, and occupational risk factors also
seem to have an important role.The outdoor air in

Copenhagen around 1970 contained on average
50-80 pg/rm' of sulphur dioxide, 80-100 jtg/m' total
suspended particulate matter, and up to 10 nglm'
benzo(a)pyrene and had peak values of daily
smoke of 120 tgIm'. Region had only a small effect
on incidence of lung cancer in the present study,
which suggests that an influence of outdoor air
pollution on lung cancer is identifiable only above
this pollution level.

Introduction
The incidence of lung cancer incidence in Denmark

varied in the 1980s from a world standardised rate of
47/100 000 for men in rural areas to 80/100 000 in
Copenhagen.' Air pollution is higher in Copenhagen
than in rural areas, and the possible link between lung
cancer and air pollution has been an issue of public
concern. Using register based data we measured the
impact ofsmoking and occupational and environmental
exposures on the risk of lung cancer in Denmark.

Methods
The study included people aged 30-64 years, living

and economically active in Denmark on the census date
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