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Abstract
Summary This study examines the impact of smoking and
smoking cessation on fracture risk in 75-year-old women
followed for 10 years. Smoking increased fracture risk, espe-
cially for vertebral fractures. Smoking cessation decreased the
risk for vertebral fractures but not for other fracture types.
Introduction The purpose of this study was to examine effects
of smoking and smoking cessation on fracture risk.
Methods This prospective observational population-based
study followed 1033 women during 10 years from age 75.
Data regarding smoking were collected at age 75. Hazard
ratios (HRs) and 95 % confidence intervals for fracture were
calculated using competing risks proportional hazards
regression.
Results Both former smokers and current smokers had an in-
creased risk for any fracture (HR 1.30; 1.03–1.66, and HR 1.32;
1.01–1.73, respectively) and any osteoporotic fracture (hip, prox-
imal humerus, distal radius, vertebra) (HR 1.31; 1.01–1.70 and
HR 1.49; 1.11–1.98, respectively) compared to non-smokers.
Former smokers had an increased risk for proximal humerus
fractures (HR 2.23; 1.35–3.70), and current smokers had an
increased risk for vertebral fractures (HR 2.30; 1.57–3.38) com-
pared to non-smokers. After adjustment for weight, previous

fractures, alcohol habits, bone mineral density (BMD), use of
corticoids, vitamin D, bisphosphonates, and previous falls, for-
mer smokers had an increased risk for proximal humerus fracture
(HR 2.07; 1.19–3.57) and current smokers had an increased risk
for osteoporotic (HR 1.47; 1.05–2.05) and vertebral fractures
(HR 2.50; 1.58–3.95) compared to non-smokers. Former
smokers had a decreased risk for vertebral fractures, but not for
other types of fractures, compared to current smokers.
Conclusions Smoking increased the risk for fracture among
elderly women, especially vertebral fractures. Smoking cessa-
tion decreased the risk for vertebral fractures but not for other
types of fractures.

Keywords Elderly . Fracture risk . Smoking . Smoking
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Introduction

Osteoporotic fractures compose a major public health issue,
associated with great morbidity and increased mortality [1] as
well as high costs for society [2]. The incidence of osteopo-
rosis, and consequently the fracture risk, varies greatly in dif-
ferent parts of the world [3]. Sweden holds one of the highest
incidences of osteoporotic fractures, with an overall lifetime
risk in a 50-year-old woman at about 50 % [4]. There are
several identified risk factors associated with osteoporotic
fractures including natural ageing, diseases, and lifestyle fac-
tors. Postmenopausal women are at increased risk because of
the accelerated bone loss due to the decrease of estrogen pro-
duction at menopause [5]. Smoking is one of several lifestyle
factors associated with increased fracture risk. An association
with lower bone mineral density (BMD) and increased risk of
osteoporotic fractures in a dose- and duration-related manner
has been implicated [6–8]. In fact, recent studies have
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suggested that smoking is an independent risk factor for oste-
oporotic fracture [7].

The global prevalence of smoking has decreased
since 1980. However, due to population growth, the
number of smokers has increased. Sweden distinguishes
itself by being the only country in the world where
smoking is more common among women than men
[9]. This, along with the extensive tobacco marketing
for women [10], will bring increased tobacco-related
health problems among women in the future.

Studies have observed the relationship between
smoking cessation and bone health, with various results.
Positive effects on BMD among elderly women have
been seen as early as <10 years after smoking cessation
[11], and in a study of postmenopausal women (mean
age 58 years), smoking cessation was shown to improve
markers of bone turnover [12]. In previously smoking
men (mean age 50 years at baseline), fracture risk has
been seen to slowly decrease after cessation, but frac-
ture risk was still elevated after 30 years compared to
non-smokers [13]. A meta-analysis from 2003 concluded
that smoking cessation was associated with a decrease
in fracture risk regarding all fractures and hip fractures
[8]. However, the relationship between smoking cessa-
tion and fracture risk at different fracture sites in elderly
women, the group that is the most affected by osteopo-
rosis and osteoporotic fractures, has not been fully
explored.

The purpose of this study is to examine effects of smoking
and smoking cessation on fracture risk among elderly women
in Sweden. Does smoking increase the fracture risk also
among elderly women? And if so, does smoking cessation
decrease the increased risk?

Material and methods

We followed elderly women in a prospective population-
based observational study for 10 years. In the Osteoporo-
sis Risk Assessment (OPRA) study, 1604 women in the
city of Malmö, Sweden, were randomly selected using the
population registry, during the years 1995–1999. The
women were invited to participate in the study by mail
1 week after their respective 75th birthday. Of those invit-
ed, 1044 (65 %) participated. Main reasons for not partic-
ipating was lack of interest (n=376) and illness (n=139).
Additionally, a few women died shortly after invitation
(n=13) and some could not be reached despite several
attempts (n=32). No exclusion criteria were used. Mortal-
ity was continuously registered by using national popula-
tion registry, which is considered to be complete in Swe-
den. Details of the OPRA study have been described pre-
viously [11, 14–18].

Questionnaire

At baseline, the participating women answered an extensive
self-assessment questionnaire regarding previous and present
lifestyle and health, including questions on smoking, alcohol
habits, previous fractures, and history of falls the previous
year [15]. Current or previous medications with glucocorti-
coids, vitamin D, and bisphosphonates were also registered.

Data concerning smoking habits include whether the sub-
jects were smokers, former smokers, or non-smokers. Infor-
mation on when subjects started smoking and stopped
smoking was registered. Smokers and former smokers esti-
mated their average cigarette consumption/day, making it pos-
sible to estimate their total cigarette consumption. A few
women had not answered the question regarding smoking
habits (n=11). These were excluded from the analyses.

Alcohol habits were registered in four groups depending on
the frequency of alcohol intake into total abstainer, drinks
alcohol a few times a month, drinks alcohol every week, and
drinks alcohol regularly almost every day.

The subjects also answered a shortened version of the orig-
inal questionnaire at the 5-year follow-up which included a
question on current smoking status. This question was an-
swered by 819 women.

Fractures

Using the Swedish personal identification number, fractures
were continuously registered by searching the radiological
archives of the Malmö University Hospital. In these archives,
the records of all persons undergoing conventional X-rays,
computer tomography, and magnetic resonance imaging are
available. In addition, questionnaire data for those women
attending the follow-up 1, 3, 5, and 10 years after the baseline
investigation were compared with the radiological data to cap-
ture fractures not found in the archives. Fracture registration
was in this study 10 years from inclusion at the age of 75. The
number of fracture cases missed by using solely radiology
files in Malmö has previously been determined to be less than
3 % [19]. Information on previous fractures was collected
from questionnaire and radiological archives [16].

Fracture data was analyzed as any fracture and as typical
osteoporotic fracture (hip, symptomatic vertebral fracture, dis-
tal radius, and proximal humerus), which were also consid-
ered separately. Excluded were pathologic fractures and frac-
tures due to high-energy trauma.

Bone mineral density

Bone mineral density (BMD) was measured with a Lunar
DPX-L (Lunar Corporation, Madison, WI, USA). The coeffi-
cient of variation in elderly women was 1.4 % in the lumbar
spine and 4.0 % in the femoral neck [17]. Lumbar spine BMD
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at L1–L2 was used since degenerative changes are more pro-
nounced at the lower segments [18]. Femoral neck and verte-
bral BMD was measured in 937 (91 %) and 966 (94 %) wom-
en, respectively.

Statistics

Descriptive statistics (median, 25th and 75th percentile)
were used to describe smoking habits; number of frac-
tures; and weight, height, BMI, and BMD. Pack-years
were used to describe the amount that an individual had
smoked until the age of 75 years. One pack-year is the
equivalent of smoking one package (20 cigarettes) daily
for 1 year. Categorical data were compared using chi2

tests, and continuous non-parametric data was compared
with the Kruskal-Wallis non-parametric ANOVA or the
Mann-Whitney U test, in order to identify statistically
significant differences between the groups. By applying
the phreg procedure in SAS 9.4, competing risks pro-
portional hazards regression [20] was used to calculate
the hazard ratio (HR) for fracture with follow-up time
and mortality taken into account. The variables weight,
previous fracture, alcohol habits, BMD, ever use of glu-
cocorticoids, use of vitamin D and bisphosphonates, and
falls the year before baseline (yes/no) were included for
the calculation of multivariate-adjusted HR. Femoral
neck BMD was used in all calculations except those
regarding vertebral fractures, in which lumbar spine
BMD was used. Smoking parameters were analyzed by
dichotomizing the groups of former smokers and current
smokers by the median time as a smoker, as well as by
amount of cigarettes smoked, and calculating the HR for
the upper half compared to the lower half. Former
smokers were analyzed through dichotomization by the
median time from smoking cessation to see how fracture
risk changed by time without tobacco. A change in
smoking status after the baseline investigation could
possibly have an effect on the results. Therefore, we
compared the HR for fracture for women that were
smokers both at baseline and at the 5-year follow-up
with women that were in the non-smoking group both
at baseline and at the 5-year follow-up. A p value less
than 0.05 was considered significant.

Results

Of the 1033 participants with registered smoking habits, 679
(66 %) were non-smokers, 209 (20 %) were former smokers,
and 145 (14 %) were current smokers at baseline. During the
10-year follow-up time, 420 (41 %) of the women sustained a
total of 1142 fractures. Of these fractures, 720 were in non-
smokers, 232 in former smokers, and 190 in current smokers.

Detailed crude data regarding fractures and smoking habits for
the three groups are shown in Table 1. Around half of the
participants had previously sustained fractures, but there was
no significant difference between the groups. Current smokers
had smoked longer compared to the former smokers, resulting
in more pack-years. BMI was lower and mortality higher
among smokers. Alcohol consumption in all three groups
was moderate. Drinking alcohol a few times a month was
the most common answer alternative, ranging from 57 to
63 % in all three groups.

Fracture risk

Taking mortality into account, the mean follow-up time was
8.8 years for the whole cohort of 1033 women. The mean
yearly fracture rate for the whole cohort was 4.6 % for any
type of fracture, 3.9 % for osteoporotic fracture, and 1.4 % for
hip fracture.

Competing risks proportional hazards regression for the
risk of fracture among the participants in the three groups is
shown in Table 2. Both former smokers and current smokers
had a higher risk for any fracture and osteoporotic fractures
compared to non-smokers. Former smokers had, in addition, a
higher risk for fractures of the proximal humerus, and current
smokers had a higher risk for vertebral fractures when com-
pared to non-smokers.

After adjustment for possible confounding variables
(weight, previous fracture, alcohol habits, BMD, gluco-
corticoids, vitamin D, bisphosphonates, and history of
fall), there was an increased risk of osteoporotic and
vertebral fracture among current smokers and proximal
humerus fracture among former smokers (Table 2). Both
unadjusted and adjusted vertebral fracture risk was in-
creased in smokers when compared to former smokers
(data not shown).

Analyzing time at risk, vertebral fracture risk increased
with time as a smoker, and distal radius fracture risk de-
creased with time as a smoker (Table 3). Time as a smok-
er had no effect on fracture risk for any fracture, osteopo-
rotic fractures, proximal humerus fractures, and hip frac-
tures (Table 3). The total amount smoked dichotomized by
the median, measured in pack-years, did not affect fracture
risk for any fracture type (Table 3). In former smokers,
there was no statistically significant correlation between
time from smoking cessation and fracture risk (Table 3).

The group of women who smoked both at baseline and at
the 5-year follow-up had an increased univariate and
multivariate-adjusted risk for vertebral fractures compared to
the group of women that were non-smokers at baseline and at
the 5-year follow-up. The point estimates for other fractures
were similar to the analysis with only baseline smoking data
but did not reach significance (data not shown).
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Table 1 Descriptive statistics

Non-smokers Former smokers Current smokers p value
(n=679) (n=209) (n=145)

Any fracture 258 (38 %) 95 (46 %) 67 (46 %) 0.054

Osteoporotic fracturea 213 (31 %) 79 (38 %) 61 (42 %) 0.022

Vertebral fracture 85 (13 %) 35 (17 %) 38 (26 %) <0.001

Radius fracture 67 (10 %) 23 (11 %) 11 (8 %) 0.56

Humerus fracture 38 (6 %) 25 (12 %) 8 (6 %) 0.005

Hip fracture 86 (13 %) 23 (11 %) 22 (15 %) 0.51

BMD femoral neck (g/cm2) 0.76 (0.68; 0.86) 0.74 (0.66; 0.82) 0.72 (0.62; 0.82) 0.001

BMD lumbar spine (g/cm2) 0.88 (0.78; 0.99) 0.86 (0.76; 0.97) 0.83 (0.71; 0.96) 0.005

Time to first fracture (years) 4.6 (2.4; 7.0) 4.2 (1.5; 6.6) 4.4 (2.1; 6.3) 0.22

Number of fractures 1 (0; 2) 1 (0; 2) 1 (0; 2) NA

Previous fracture 335 (49 %) 111 (53 %) 84 (58 %) 0.14

Previous osteoporotic fracturea 203 (30 %) 65 (31 %) 55 (38 %) 0.17

Smoked no. of years, baseline – 30 (19; 42) 53 (45; 56) <0.001

Cigarettes/day, baseline – 10 (5; 12) 10 (6.75; 15) 0.028

Pack-years, baseline – 13 (5; 23) 25 (15; 36) <0.001

Time from smoking cessation to baseline (years) – 20 (10; 30) – –

Smoker at the 5-year follow-upb 3 (1 %) 4 (2 %) 76 (71 %) –

Cortisonec 90 (13 %) 38 (18 %) 11 (8 %) 0.016

Vitamin Dd 37 (5 %) 13 (6 %) 15 (10 %) 0.09

Bisphosphonatec 19 (3 %) 5 (2 %) 9 (6 %) 0.08

History of falle 167 (29 %) 56 (29 %) 32 (25 %) 0.65

Deceased 172 (25 %) 73 (35 %) 61 (42 %) <0.001

Age of the deceased 83 (80; 86) 83 (79; 85) 82 (80; 85) –

Height (cm) 160 (156; 165) 161 (156; 165) 160 (157; 164) 0.80

Weight (kg) 68 (60; 76) 67 (60; 76) 62 (56; 69) <0.001

BMI (kg/m2) 26.5 (23.6; 29.0) 25.9 (23.7; 28.6) 24.0 (22.1; 27.0) <0.001

Data are given for non-smokers, former smokers, and current smokers as number (percentage) andmedian (25th and 75th percentile). p values are shown
for the chi2 test, the Kruskal-Wallis non-parametric ANOVA, or the Mann-Whitney-U test. Follow-up was 10 years

NA not applicable due the strong relation between a first fracture and subsequent fractures
a Vertebral, radius, humerus, hip
bData available for 551 non-smokers, 161 former smokers, and 107 current smokers
c Current or previous use at baseline
d Current use at baseline
e Data available for 584 non-smokers, 192 former smokers, and 129 current smokers

Table 2 Fracture risk depending on smoking status

Any Osteoporotica Vertebral Distal radius Proximal humerus Hip
Non smokers 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

(a) Univariate

Former smokers 1.30 (1.03–1.66) 1.31 (1.01–1.70) 1.38 (0.93–2.04) 1.13 (0.70–1.81) 2.23 (1.35–3.70) 0.88 (0.55–1.39)

Current smokers 1.32 (1.01–1.73) 1.49 (1.11–1.98) 2.30 (1.57–3.38) 0.76 (0.40–1.43) 0.98 (0.46–2.10) 1.25 (0.78–2.02)

(b)Multivariate. Adjusted for weight, previous fracture, alcohol habits, BMD, use of cortisone, vitaminD, bisphosphonates, and history of fall at baseline

Former smokers 1.25 (0.96–1.64) 1.19 (0.88–1.59) 1.51 (0.96–2.36) 1.16 (0.70–1.91) 2.07 (1.19–3.57) 0.76 (0.45–1.31)

Current smokers 1.34 (0.99–1.82) 1.47 (1.05–2.05) 2.50 (1.58–3.95) 0.82 (0.42–1.63) 1.23 (0.54–2.82) 1.12 (0.64–1.95)

Hazard ratio (HR) and 95 % confidence intervals (CI) are shown
aVertebral, radius, humerus, hip
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Discussion

In this study, we confirmed that smoking increases the risk for
fractures in elderly women, particularly in terms of clinical
vertebral fractures. Smoking cessation decreased the risk for
vertebral fractures but not for other types of fractures.

Current smoking increased the general fracture risk as well
as the risk for typical osteoporotic fractures as a group and for
vertebral fractures alone. The risk for distal radius fractures,
proximal humerus fractures, or hip fractures alone was not
increased. After adjustments for other risk factors, the risk of
osteoporotic and vertebral fractures persisted.

Our results are somewhat in agreement with other stud-
ies in the field. Vestergaard et al. concluded, in their meta-
analysis based on results from 50 different cohort, case-
control, and cross-sectional studies, that current smoking is
a risk factor for all fractures pooled together and for hip
and spine fractures, but not for wrist fractures [8]. Many
reports found statistically significant associations between
smoking and hip fractures [21–24], but several others
failed to report such a relationship [25–27]. Of the studies
that did not find an increased fracture risk, however, many
had small sample sizes, relatively young participants (less
than 50 years old), or short follow-up time (less than
5 years), resulting in few cases of hip fracture. Another
meta-analysis with ten prospectively studied cohorts (mean
age 63 years) found current smoking to be a risk factor
for all fractures, osteoporotic fractures, and hip fractures in
women [7]. However, the increased risk of any fracture as
well as for osteoporotic fractures was no longer significant
when adjusting for BMD [7].

The fact that we did not find an increased hip fracture risk
among smokers was rather unexpected, since most studies
suggest such a relationship and the women in the present study
were at the age at which the peak number of hip fractures
occurs. Also, measurements of BMD in the same cohort
showed that current smokers had significantly lower BMD
in the hip than non-smokers [11]. The lack of association

between smoking and hip fracture risk in this study could be
explained by the relatively few fractures, and the results may
have been different if the study population was larger. Also,
the women in this study had been postmenopausal for a long
period of time and therefore had lost a large part of their bone
reserve, resulting in less effect of environmental factors such
as smoking. This theory is supported by the fact that the meta-
analysis by Vestergaard et al. found that age was not associat-
ed with increased hip fracture risk in current smokers com-
pared to non-smokers [8]. Most of the included studies with
participants over 70 years of age did not find any increased
fracture risk [8]. As discussed by Baron et al., adjustments for
weight might also remove some of the biological effect of
smoking and may thus underestimate the fracture risk in terms
of hip fractures [28].

Another potential explanation could be that other risk fac-
tors, such as falling, seem to influence fracture rates more with
age [29], thus decreasing the impact of smoking. This could
explain the increased risk of vertebral fracture observed with
smoking in this population, as vertebral fractures are not as
strongly associated with falls as fractures of the extremities
[30].

In accordance with Vestergaard et al. as well as several
other studies, we did not find an increased risk for distal radius
or proximal humerus fracture in current smokers [8, 31–34].

We found no evidence to support the hypothesis that for-
mer smokers have a lower general fracture risk when com-
pared to current smokers. The risk of clinical vertebral frac-
tures was however increased among current smokers when
compared to former smokers.

One theory that may explain these findings is that the
vertebra consists of more trabecular bone compared to
other fracture sites. Trabecular bone has a higher rate of
turnover and is therefore more susceptible to osteoporosis
[35]. This could mean that smoking has a direct effect on
bone remodeling and bone cells, as suggested by Lappin
et al. [36], and therefore affect the highly transformative
bone in the vertebra to a larger extent than other bones.

Table 3 Fracture risk and smoking parameters

Any Osteoporotica Vertebral Distal radius Proximal humerus Hip

Time as smokerb 1.12 (0.81–1.55) 1.16 (0.82–1.64) 2.66 (1.57–4.53) 0.38 (0.17–0.86) 0.51 (0.24–1.09) 0.99 (0.53–1.88)

Amount smokedc 0.94 (0.68–1.31) 0.85 (0.60–1.22) 1.31 (0.79–2.19) 0.53 (0.25–1.14) 0.60 (0.28–1.26) 0.70 (0.36–1.35)

Time from smoking cessationd 0.89 (0.59–1.37) 0.93 (0.58–1.50) 1.23 (0.60–2.56) 0.63 (0.26–1.52) 0.77 (0.34–1.73) 1.00 (0.40–2.45)

Fracture hazard ratios with 95 % confidence intervals for time at risk and amount smoked
aVertebral, radius, humerus, hip
b Time as smoker; the risk for fracture when having smoked 40 years (median) or longer compared to having smoked less than 40 years
c Amount smoked; the risk for fracture when having smoked 19.5 pack-years (median) or more compared to having smoked less than 19.5 years
d Time from smoking cessation; the risk for fracture in former smokers that stopped smoking for 20 years ago (median) or more compared to less than
20 years
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Smoking cessation increased the risk for proximal humerus
fracture. However, this increase in risk lost significance in the
multivariate analysis. The results regarding humerus fractures
must be interpreted with caution due to the low number of
fractures.

Other studies that examined the effect of smoking cessation
on fracture risk show diverse results. Vestergaard et al. con-
cluded in their meta-analysis that smoking cessation was as-
sociated with a decrease in fracture risk regarding all fractures
and hip fractures, but not wrist fractures [8]. Too few studies
investigated vertebral fractures in former smokers to be ana-
lyzed [8]. A large cohort study with over 100,000 female
nurses also found a decrease in hip fracture risk after smoking
cessation [24]. However, this effect was not seen until 10 years
after smoking cessation. Additionally, the subjects were 34 to
59 years old at baseline, considerably lower than the age of the
peak fracture rate for hip fractures. Smoking has also been
shown to have long-lasting effects on fracture risk in men.
Olofsson et al. reported that fracture risk in men slowly de-
creases after smoking cessation, but an increased risk still is
present 30 years after smoking cessation [13]. Furthermore, a
Danish study by Høidrup et al. was not able to distinguish any
benefit, in terms of hip fracture rate, of smoking cessation in
women (mean age 50 years at baseline) who had quit smoking
more than 5 years ago [37].

The time from smoking cessation did not seem to affect
fracture risk in the present study. While vertebral fractures
had an increased fracture risk with time as a smoker, the op-
posite effect could be seen regarding fractures of the distal
radius.

We did not find any dose-response effect between amount
smoked and fractures. Previous studies have seen a dose-
dependent relationship between smoking and decrease in
BMD [38, 6], but few studies have investigated how the
amount that a person has smoked affects the fracture risk.
Our results suggest that smoking affects the bone and fracture
risk independently of dose.

Our findings that neither smoking cessation nor amount of
smoked cigarettes seemed to affect the general fracture risk
suggest that smoking causes long-lasting detrimental effects
on bone metabolism and, consequently, a persistent increased
fracture risk after smoking cessation. The results also propose
that smoking affects something else in the bone than the
BMD, since BMD was higher in former smokers than in
smokers in the same cohort [11].

The advantage with this study is that it is a prospective
population-based observational study performed in randomly
selected 75-year-old women followed for 10 years. The study
was deliberately designed to include women of the same age,
thus eliminating the need to adjust for age in the analyses. This
age was chosen because osteoporosis and osteoporotic frac-
tures increase steeply after the age of 75. Fracture registration
can be regarded as complete, and multiple possible competing

risk factors were available and accounted for in the statistical
analyses.

A major limitation of the study is that there were relatively
few current and former smokers, resulting in few fractures of
some of the fracture types. For example, there were only eight
fractures of the proximal humerus in the current smoking
group during the 10-year period.

Smoking habit before baseline, at age 75 years, was based
on recall, which might be a source of misclassification. How-
ever, others have studied reliability of recall in prospective
studies and have found a good correlation between recall
and previous self-assessed smoking status up to several de-
cades [39, 40]. However, data on amount of cigarettes smoked
may be less exact [39, 40], especially in heavy smokers [39].
The analyses of amount of cigarettes smoked should be less
sensitive to misclassifications by dichotomization, as done in
the present study.

In addition, we have only studied older women, and the
results from the present study may not be applicable in youn-
ger cohorts or men.

Conclusions

In this study, smoking increased the risk for fracture among
elderly women, especially vertebral fractures. Smoking cessa-
tion decreases the risk for vertebral fractures but not for other
types of fractures. The multifactorial effect of smoking on
bone metabolism is very complex, and more studies are need-
ed to fully understand how smoking affects fracture risk.
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