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Abstract Smoking is widely considered a risk factor for
future fracture. The aim of this study was to quantify
this risk on an international basis and to explore the
relationship of this risk with age, sex and bone mineral
density (BMD). We studied 59,232 men and women
(74% female) from ten prospective cohorts comprising
EVOS/EPOS, DOES, CaMos, Rochester, Sheﬃeld,
Rotterdam, Kuopio, Hiroshima and two cohorts from
Gothenburg. Cohorts were followed for a total of
250,000 person-years. The eﬀect of current or past
smoking, on the risk of any fracture, any osteoporotic
fracture and hip fracture alone was examined using a
Poisson model for each sex from each cohort. Covariates
examined were age, sex and BMD. The results of the
diﬀerent studies were merged using the weighted bcoeﬃcients. Current smoking was associated with a
signiﬁcantly increased risk of any fracture compared to

non-smokers (RR=1.25; 95% Conﬁdence Interval
(CI)=1.15–1.36). Risk ratio (RR) was adjusted marginally downward when account was taken of BMD, but
it remained signiﬁcantly increased (RR=1.13). For an
osteoporotic fracture, the risk was marginally higher
(RR=1.29; 95% CI=1.13–1.28). The highest risk was
observed for hip fracture (RR=1.84; 95% CI=1.52–
2.22), but this was also somewhat lower after adjustment
for BMD (RR=1.60; 95% CI=1.27–2.02). Risk ratios
were signiﬁcantly higher in men than in women for all
fractures and for osteoporotic fractures, but not for hip
fracture. Low BMD accounted for only 23% of the
smoking-related risk of hip fracture. Adjustment for
body mass index had a small downward eﬀect on risk for
all fracture outcomes. For osteoporotic fracture, the risk
ratio increased with age, but decreased with age for hip
fracture. A smoking history was associated with a sig-

J. A. Kanis (&) Æ E. V. McCloskey
WHO Collaborating Centre for Metabolic Bone Diseases,
University of Sheﬃeld Medical School, Beech Hill Road,
Sheﬃeld, S10 2RX, UK
E-mail: w.j.pontefract@shef.ac.uk
Tel.: +44-114-2851109
Fax: +44-114-2851813

H. Kroger
Department of Surgery, Kuopio University Hospital,
Kuopio, Finland

O. Johnell
Department of Orthopaedics, Malmö General Hospital,
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niﬁcantly increased risk of fracture compared with
individuals with no smoking history, but the risk ratios
were lower than for current smoking. We conclude that
a history of smoking results in fracture risk that is
substantially greater than that explained by measurement of BMD. Its validation on an international
basis permits the use of this risk factor in case ﬁnding
strategies.
Keywords Body mass index Æ Hip fracture Æ
Meta-analysis Æ Osteoporotic fracture Æ Smoking

Introduction
It is well established that smoking is associated with a
reduction in bone mineral density (BMD) in postmenopausal women and men [1]. A meta-analysis has suggested that the risk of hip fracture may also be markedly
increased [2]. In current smokers, the risk of hip fracture
compared with non-smokers was similar in women up to
the age of 50 years. However, it increased thereafter, to a
risk ratio (RR) of 1.17 at 60 years, 1.41 at 70 years and
1.71 at 80 years. In 90-year-old women the risk ratio was
2.08 [2]. In population-based samples, the risk of other
osteoporotic fractures also appears to increase [3], but
this is not an invariant ﬁnding [4]. The risk of forearm
fractures does not appear to increase among smokers [3,
5 ,6].
Increased fracture risk may in part be due to the fact
that patients who smoke have low BMD [1]. Studies
adjusted for BMD suggest that the relative risk is only
modestly adjusted downward [7]. In the meta-analysis of
Law and Hackshaw [2], although the diﬀerence in bone
density between smokers and non-smokers was not
apparent at age 50, it became noticeable with increasing
age, so that at age 80 bone mineral density at the hip was
0.45 SD lower in smokers, as compared with nonsmokers. From the relationship between bone mineral
density in the hip and hip-fracture risk, the risk ratio in
smokers was estimated at 1.56, compared with a direct

estimate of 1.71 for hip fractures. This led the authors to
suppose that the majority of any risk was attributable to
decreased bone density.
The association between smoking and subsequent
fracture risk has led to the inclusion of current smoking
as a risk factor in assessment guidelines in the United
States and Canada [8, 9], if not in Europe [11, 12, 13].
Since smoking is considered a risk factor, partly independent of BMD, intervention is recommended in
smokers with a T-score for BMD of )1.5, whereas in
non-smokers the intervention threshold is set at )2.0
SD. Attention has focused recently on assessing fracture
probability by using multiple risk factors, rather than
BMD alone, to provide intervention thresholds [8, 14,
15]. This demands knowledge of the interrelationships
between these risk factors. The aim of our study was to
quantify, in an international setting, the risk associated
with smoking for future fractures and to explore the
dependence of this risk on age, sex, body mass index
(BMI) and BMD.

Materials and methods
We studied 59,232 men and women, of whom 18% had a
history of current smoking, taken from ten prospectively
studied cohorts. Brief details of these cohorts appear
below and are summarized in Table 1.
CaMos
The Canadian Multicentre Osteoporosis Study (CaMos)
is a current, prospective age-stratiﬁed cohort. The study
documents the incidence of fractures and risk factors in
a random sample of 9,424 men and women aged 25 years
or older, selected by telephone listings. The sampling
frame is from nine study centers in seven provinces [16].
Individuals were characterized by interview. BMD was
measured by DXA (Dual X-ray absorptiometry) at the
hip, using the Hologic QDR in seven centers and the
Lunar DPX Alpha in two centers.

Table 1 Details of cohorts studied
Cohort

CaMos
DOES
EVOS/EPOS
Gothenburg I
Gothenburg II
Hiroshima
Kuopio
Rochester
Rotterdam
Sheﬃeld
Totals

Sample
size

9,401
2,163
13,841
2,320
7,012
1,937
11,798
998
7,590
2,172
59,232

%
Women

69
61
52
61
100
69
100
65
60
100
74

Personyears

26,656
16,333
41,429
16,255
29,335
7,563
56,602
6,212
42,613
6,900
249,898

Mean age
(years)

62.1
70.7
63.8
78.7
58.9
64.8
52.3
56.8
70.1
80.0
62.8

Smoking history
(%)
Current

Ever

8
20
15
25
20
11
23
7
18

54
41
52
41
49
34
47
63
46
52

Any kind
of fracture

Osteoporotic
fracture

Hip
fracture

586
532
731
424
433
134
1,053
289
967
290
5,444

316
418
731
424
438
64
244
746
241
3,495

42
107
50
332
29
21
42
271
63
957
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DOES
The Dubbo Osteoporosis Epidemiology Study (DOES)
is a population-based study with multiple assessments of
skeletal status in men and women from Dubbo, Australia, and at least 60 years old [17, 18]. Study participation was 56% of the population. Baseline
measurements included BMD at the femoral neck,
assessed using DXA (GE-Lunar, DPX and Prodigy).
Fractures are identiﬁed through radiologists’ reports
from the two centers servicing the region.
EVOS/EPOS
The European Vertebral Osteoporosis Study (EVOS)
comprised age- and sex-stratiﬁed random samples from
36 centers in 19 European countries [19]. Equal numbers
of men and women were drawn in each center within six
sequential 5-year age bands (from 50 to 79 years). A
baseline radiograph for vertebral-fracture prevalence
was undertaken in 15,570 men and women. BMD was
measured in 3,461 men and women from 13 centers, by
DXA at the femoral neck using pencil-beam machines
cross-calibrated with the European spine phantom. The
sample provided the framework for the European Prospective Osteoporosis study (EPOS), in which repeated
assessment was undertaken in 29 of the centers [20, 21].

exposure among atomic-bomb survivors in Hiroshima
and Nagasaki. The original AHS cohort consisted of
about 15,000 atomic-bomb survivors and 5,000 controls
selected from residents in Hiroshima and Nagasaki,
using the 1950 national census supplementary schedules
and the Atomic Bomb Survivors Survey. AHS subjects
have been followed through biennial medical examinations since 1958, with a participation rate of approximately 80%. BMD at the lumbar spine and proximal
femur has been measured at each biennial health
examination using DXA (Hologic QDR-2000) since
December 1993. At each examination, trained nurses
interviewed subjects about fractures and measured
height and weight [25, 26].
Kuopio
The Kuopio Osteoporosis Risk Factor and Prevention
(OSTPRE) study in Finland was based on a postal
enquiry sent to all of the 14,220 women aged 47–56
residing in Kuopio province in 1989. Of these, 13,100
responded, 1,214 of whom were excluded due to
incomplete information. This left a study population of
11,886 women. A random stratiﬁed sample of 3,222
underwent bone mineral densitometry at the femoral
neck, with DXA using the Lunar DPX [27].
Rochester

Gothenburg I
This study comprised four birth cohorts of 2,375 randomly sampled men and women aged at least 70, followed for up to 20 years in Gothenburg, [22, 23] after a
baseline BMD measurement. Participants were drawn
randomly from the Gothenburg population register by
date of birth, to provide cohorts aged 70, 76, 79 and 85
years at the time of investigation. Bone mineral density
was measured at the right heel using dual photon
absorptiometry.

The Rochester cohort was recruited from two random
population samples stratiﬁed by decade of age. One
sample included women who were followed for up to 20
years [28], and the other was composed of women and
men followed for 8 years [29]. BMD of the right femoral
neck was measured—by dual photon absorptiometry for
the ﬁrst cohort (cross-calibrated to DXA), and by DXA
(Hologic QDR 2000) for the second group. Fractures
were ascertained by periodic interview combined with
review of the inpatient and outpatient medical records of
all local care providers.

Gothenburg II
Rotterdam
The Gothenburg study comprised a randomly drawn
population cohort of approximately 7,000 women aged
21–89, followed for up to 7.9 years (mean=4.2 years)
[24]. Seventy percent of those invited participated in the
study, which examined risk factors for osteoporosis
through a standardized questionnaire. BMD was
assessed at baseline at the distal forearm, using the
Osteometer DTX 200.
Hiroshima
The Adult Health Study in Hiroshima (AHS) was
established to document late health eﬀects of radiation

The Rotterdam study, begun in 1990, was a prospective
cohort study that aimed to examine and follow up on all
residents aged 55 years and older living in Ommoord, a
district of Rotterdam [30]. By 1993, 7,983 residents had
been included (response rate 78%). Bone mineral
density was assessed at the femoral neck by DXA, using
a Lunar DPX-L. Fracture follow-up was done using an
automated link with general practitioner computer
systems and hospital admission data [31]. Fracture data
were collected and validated by two independent
research physicians. For this analysis, validated fracture
follow-up was available for 7,590 participants (3,012
men), with an average follow-up time of 6 years.
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Sheﬃeld
The Sheﬃeld cohort comprised women aged 75 years or
older, selected randomly from the population of Shefﬁeld, UK, and surrounding districts, between 1993 and
1999. Approximately 35,000 women, identiﬁed from
general practitioner listings, were contacted by letter and
invited for assessment of their skeletal status. Of the
5,873 women agreeing to attend the screening visit, 281
were excluded. The remainder were randomly allocated
after they gave informed consent to treatment with the
bisphosphonate clodronate, or to an identical placebo.
This study is still in progress. The material used for the
present paper included 2,148 women allocated to treatment with placebo [32]. All women had baseline assessment of BMD at the femoral neck, using the Hologic
4500. Outcomes were assessed by home visits at 6-month
intervals.
Baseline and outcome variables
A history of current or past smoking was obtained by
self-report. For the EVOS/EPOS, Hiroshima and
Gothenburg I cohorts, this was recorded as past or
current use of tobacco. For the Gothenburg II cohort,
the same data were collected, but use for 6 months
qualiﬁed as past or current use. For Rotterdam, Shefﬁeld and DOES, tobacco use was recorded as previous,
current or never. Data on current smoking was not
available for two cohorts (CaMos and Rochester).
Height and weight were measured using standard techniques in all cohorts. BMI was calculated as weight in kg
divided by height squared in m. Bone mineral density
was assessed by multiple techniques as described above.
For the purposes of this analysis, we utilized BMD
assessed at the femoral neck by DXA, with the exception
of the Gothenburg cohorts, for which BMD was
assessed by DPA at the heel and DXA at the distal
forearm.
Fractures were ascertained from self-reports (Shefﬁeld, Kuopio, EVOS/EPOS, Hiroshima) and/or veriﬁed
from hospital or central databases (Gothenburg,
CaMos, DOES, Sheﬃeld, EVOS/EPOS, Rochester,
Rotterdam). The EPOS study also included sequential
systematic radiography to deﬁne incident vertebral
deformities, but the data were not used in this analysis.
Our analysis used information on any kind of clinical
fracture and on clinical fractures considered to be
osteoporotic. In addition, hip fracture was considered
separately. An osteoporotic fracture was one that the
investigator considered to be due to osteoporosis, except
as indicated below. For the EVOS/EPOS study, osteoporotic fractures comprised hip, forearm, humeral or
spine fractures. For the CaMos study, they comprised
fractures of the spine, pelvis, ribs, distal forearm, forearm and hip. In the other cohorts (Sheﬃeld, Rotterdam,
Rochester, Gothenburg I and II, Hiroshima) fractures at
sites considered characteristic for osteoporosis were

extracted [33]. Details about the number of participants,
gender and fractures are provided in Table 1.
Statistical methods
The risk of fracture was estimated by Poisson regression,
applied separately to each cohort and sex [32]. Covariates included time since start of follow-up, current age,
history of smoking, and BMD. We also excluded BMD
from the model. The beta coeﬃcient for each sex in each
cohort is age-dependent, betak+ betak+1·age. The
estimated value of the bcoeﬃcients and their variance
was determined for each age within the range of 50 to 85
years. Results of each cohort and both sexes were
weighted according to the variance and merged to
determine the weighted mean and standard deviations.
The risk ratio of those who currently smoked or ever
smoked versus those without a smoking history was
equal to weighted emean. In further models, we examined
the eﬀects including BMI with and without BMD. There
was little heterogeneity between cohorts in the relationship between hip-fracture risk and smoking
(I2=12%; 95% CI (conﬁdence interval)=0–53%), and a
ﬁxed-eﬀect model was used [34].
The component of the risk ratio explained by BMD
was computed from a meta-analysis of BMD and fracture risk [35]. The risk of any fracture was assumed to
increase 1.6-fold for each SD decrease in BMD. For hip
fracture, the gradient of risk was assumed to be 2.6 per
SD. The proportion of risk attributed to a low BMD
was computed as
½log RRa/log GR  ½log RRb/log GR
½log RRa/log GR
Where RRa is the unadjusted risk ratio, RRb is the
risk ratio adjusted for BMD, and GR is the gradient of
risk.

Results
Of 59,232 men and women studied, 867 men and 4,577
women were identiﬁed as having a subsequent fracture
Table 2 Prevalence of smoking history in men and women by age
Age (years)

50
55
60
65
70
75
80
85

Probability of smoking (%)
Men

Women

Combined

41.3
37.2
33.3
29.6
26.1
22.9
20.0
17.4

26.8
22.3
18.3
15.0
12.1
9.7
7.8
6.2

32.9
28.4
24.3
20.6
17.4
14.6
12.1
10.0
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(any kind), of which 677 men and 2,817 women were
characterized as osteoporotic. Of these, 207 men and 750
women sustained a hip fracture. The total follow-up in
person years was 61,563 in men and 188,334 in women.
BMD measurements were available in 36,550 individuals
(64%) and BMI in 96%. The prevalence of smoking
among the cohorts decreased almost linearly with age in
men and women (p<0.001; Table 2). At all ages, current
smoking was higher in men than in women.

BMI
The risk ratios for smokers were also adjusted downward when account was taken for BMI, though all ratios
remained signiﬁcantly increased (Table 4). The downward adjustment was less than the adjustment for BMD
alone. When smoking, BMI and BMD were entered into
the model, a further decrease in risk ratio was observed,
although the risk ratios remained above unity, signiﬁcantly so for the risk of (any) fractures overall and for
hip fracture.

Current smoking
Current smoking was associated with a signiﬁcantly
increased risk of any kind of fracture, including osteoporotic or hip fractures taken alone, in both men and
women (Table 3). For any kind of fracture and for
osteoporotic fractures taken alone, the risk in smokers
was signiﬁcantly higher in men (p=0.015) than in
women (p=0.03). For hip fractures taken alone, there
was no diﬀerence in the risk ratio between men and
women. For men and women combined, risk with
current smoking was highest for hip fracture (RR=
1.84), lowest for fractures taken overall (RR=1.25) and
intermediate for osteoporotic fracture (RR=1.29).
Risk ratio was adjusted downward somewhat when
taking BMD into account (see Table 3). In women, for
any fracture overall or osteoporotic fracture speciﬁcally,
the associations between smoking and fracture were no
longer signiﬁcant. In men, the eﬀect was less marked or
not apparent. In men and women together, low BMD
accounted for the minority of the risk associated with
current smoking. For fractures overall, 45% of the risk
was explained by BMD, whereas for osteoporotic fracture alone it was 40% and for hip fracture, only 23%.

Table 3 Risk ratio of fracture
(RR) and 95% conﬁdence
interval (CI) associated with
current smoking by fracture
outcome in men and women

Age (years)

Adjusted for BMD

95% CI

RR

95% CI

(a) Osteoporotic fracture
50
1.05
55
1.06
60
1.08
65
1.14
70
1.27
75
1.45
80
1.54
85
1.52

0.80–1.37
0.86–1.30
0.92–1.26
1.00–1.30
1.12–1.45
1.28–1.65
1.34–1.77
1.28–1.80

0.82
0.85
0.88
0.91
1.01
1.20
1.30
1.28

0.57–1.18
0.65–1.12
0.72–1.08
0.76–1.09
0.85–1.20
1.01–1.43
1.08–1.57
1.00–1.63

(b) Hip fracture
50
55
60
65
70
75
80
85

1.24–5.10
1.32–4.19
1.38–3.44
1.38–2.86
1.42–2.60
1.52–2.49
1.55–2.35
1.43–2.26

2.28
2.09
1.87
1.68
1.69
1.76
1.69
1.57

0.94–5.51
1.03–4.24
1.07–3.25
1.07–2.65
1.15–2.48
1.30–2.37
1.31–2.19
1.16–2.13

RR

2.52
2.35
2.17
1.98
1.92
1.94
1.91
1.80

Sex

RR

95%CI

RRa

95%CI

Any kind of fracture

M
F
M+F
M
F
M+F
M
F
M+F

1.50
1.18
1.25
1.53
1.20
1.29
1.82
1.85
1.84

1.26–1.77
1.07–1.30
1.15–1.36
1.27–1.83
1.06–1.35
1.17–1.43
1.34–2.49
1.46–2.34
1.52–2.22

1.49
1.02
1.13
1.54
1.01
1.13
1.69
1.55
1.60

1.20–1.84
0.90–1.16
1.01–1.25
1.21–1.95
0.87–1.17
1.00–1.28
1.16–2.48
1.16–2.07
1.27–2.02

Hip fracture
Risk ratio adjusted for BMD

Table 4 Risk ratio (RR) for

Outcome fracture
Any

fracture in current smokers
(men and women combined)
adjusted for age, BMD, BMI
and both BMD and BMI.
CI conﬁdence interval

Without BMD

Outcome

Osteoporotic Fracture

a

Table 5 Risk ratio (RR) and 95% conﬁdence intervals (CI) for
osteoporotic and hip fractures in current smokers for men and
women combined

Osteoporotic

Hip

Adjustment

RR

95% CI

RR

95% CI

RR

95% CI

Age
Age BMD
Age BMI
Age, BMI, BMD

1.25
1.13
1.19
1.12

1.15–1.36
1.01–1.25
1.09–1.30
1.01–1.25

1.29
1.13
1.21
1.11

1.17–1.43
1.00–1.28
1.08–1.34
0.98–1.26

1.84
1.60
1.65
1.55

1.52–2.22
1.27–2.02
1.34–2.03
1.23–1.96
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Age
Risk ratios increased with age for any fracture and for
osteoporotic fractures speciﬁcally, but they were significantly higher than unity at all ages (Table 5). With
adjustment for BMD, current smoking was a signiﬁcant
risk only from the age of 70 years. In contrast, for hip
fracture risk, the risk ratio decreased with age but was
signiﬁcantly higher than unity at all ages with or without
adjustment for BMD.
Ever-smokers
A history of smoking (ever smoked) was also associated
with a signiﬁcant risk increase for any fracture, and,
speciﬁcally, for an osteoporotic or hip fracture
(Table 6). The risk ratios were lower than for current
smoking (see Table 3), but, just as in that case, were
highest for hip fracture. There was no signiﬁcant difference in risk ratio between men and women, no difference when adjusted for BMD, and no signiﬁcant
eﬀect of age on the risk ratio (data not shown). The
exclusion of data from the Gothenburg cohorts (where
BMD was assessed at the heel or forearm) had no
material eﬀect on these results (data not shown).

Discussion
The present study conﬁrms that a history of smoking
carries a modest but signiﬁcant risk for future fractures.
In addition, the eﬀect of smoking is over and above that
which can be explained by variations in BMD. The risk
of subsequent fractures was greater in the case of hip
fracture than for all fractures, and intermediate for
osteoporotic fractures. For hip-fracture risk in women,
the increase in risk ratio (1.85) was comparable to that
described in the meta-analysis from Law and Hackshaw
[2]. In their ﬁndings, risk ratios increased with age;
however, in the present study risk ratios for hip fracture
tended to decrease with age. In contrast, risk ratios for
osteoporotic fractures (which included hip fractures)

Table 6 Risk ratio (RR) associated with a smoking history by
subsequent fracture outcome in men and in women. RR is not
adjusted for BMD
Outcome

Sex

RR

95% conﬁdence
interval

Any fracture

M
F
M+F
M
F
M+F
M
F
M+F

1.27
1.18
1.19
1.34
1.15
1.18
1.11
1.42
1.38

1.07–1.51
1.10–1.26
1.12–1.27
1.10–1.63
1.07–1.25
1.09–1.27
0.67–1.83
1.18–1.72
1.15–1.65

Osteoporotic fracture
Hip fracture

increased with age. The strength of the association we
found was lower than for ever-smokers, consistent with
the view that the eﬀect of smoking appears to wane
slowly after a person stops smoking [36].
A particular strength of the present study is that the
estimate of risk is from an international setting, from
randomly or quasi-randomly selected population cohorts, and the calculations were based on the primary
data. This decreases the risk of publication and selection
biases, which may have large eﬀects. For example, in the
large, prospective study from Kuopio, the risk of fracture for current smokers was 1.47 (95% CI=1.05–2.06)
when the sample included individuals selected on the
basis of risk factors. From the random population
sample used in the present study, the relative risk for
fractures overall was 1.18 (95% CI=0.70–2.00) [3].
Furthermore, the consistency of the association within
cohorts indicates the generalizability of this risk factor’s
importance.
The large sample size studied permitted us to examine
risk by age. For all fractures and for osteoporotic fractures speciﬁcally, the risk ratios were relatively constant
with age. If anything, they tended to increase with age.
In the case of hip fracture, risk ratios decreased with age,
but this was not signiﬁcant. Much larger samples would
be needed to verify such an eﬀect. A limitation of this
study was that we were unable to examine the dose
dependency of the association, due to diﬀerences in the
way that smoking histories were obtained. In this regard,
men tend to smoke more than women. This may account
for the slightly higher risk ratios observed in men.
The present study also quantiﬁes the independent
contributions of low BMD or BMI to the risks associated with smoking. Low BMD explained a minority of
the total risk, contradicting the ﬁndings of Law and
Hackshaw [2] but agreeing with others [7]. With regard
to BMD, there are several mechanisms whereby smoking might adversely aﬀect fracture risk. Female smokers
may have increased rates of bone loss after menopause
[37], but this is not consistently found [38, 39]. Smoking
women also have earlier menopause [37, 40, 41]. It has
been suggested that smoking may enhance estrogen
catabolism [42]. The eﬀects of hormone replacement
therapy (HRT) have in some, but not all, studies been
attenuated among smokers [43, 44]. Smokers are also
thinner and, hence, have lower body mass index [40, 45].
Consequently, the protective eﬀect of adipose tissue and
peripheral estrogen metabolism is impaired. Bone loss is
reported to be higher in male smokers than in female
smokers [38], perhaps due to men’s higher exposure to
cigarette smoking. We observed higher risk ratios for
men than for women for any fracture and for osteoporotic fracture speciﬁcally. Such eﬀects may explain the
component of fracture risk that is attributable to low
BMD or BMI. However, as shown in the present study,
this represents a minority of the risk.
The mechanism for the BMD-independent increase in
risk could not be determined from this study. Possibly, it
results, in part, from lower levels of physical activity or
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to co-existing morbidity, which might in turn increase
the risk of falls or impair protective responses to injury
[46, 47, 48]. It is also possible that smoking-induced
changes in the microarchitecture of cancellous bone
would weaken the resistance to mechanical force out of
proportion to any eﬀect on BMD. Finally, errors in
measurement of BMD [49] will result in the underestimation of bone’s contribution to fracture risk.
Whatever the mechanism involved, these data indicate that the risk of fractures is greater for smokers and
those with a history of smoking than it is for individuals
of the same age, sex and BMD who do not or did not
smoke. This has implications for intervention thresholds. Health economic analyses suggest that intervention
is cost-eﬀective when treatment is targeted to women
with a T-score of )2.5 SD at the femoral neck [15]. Since
smoking carries a risk over and above that provided by
BMD alone, intervention thresholds for BMD can be
less stringent in smokers and still yield the same costeﬀectiveness. This approach has been incorporated into
health economic analyses [8, 50]. However, a large
number of additional and stronger independent risk
factors for fracture have been identiﬁed. These include a
history of fracture, corticosteroid exposure, a family
history of fracture, secondary osteoporosis, and possibly
the biochemical indices of bone turnover [15, 51, 52, 53,
54]. Before these risk factors can be readily used for
assessing fracture risk in the general population, their
interrelationships will need to be determined.
We conclude that a history of smoking results in a
substantial risk for future fractures and that this risk is
largely independent of BMD. The fact that this association holds up on an international scale provides a
rationale for using this risk factor in case-ﬁnding strategies. Moreover, identiﬁed patients can be targeted for
treatment at lower BMD thresholds than are nonsmoking individuals of the same age who have osteoporosis .
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