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A review of lifestyle, smoking and other modifiable
risk factors for osteoporotic fractures
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Although many strong risk factors for osteoporosis—such as family history, fracture history and age—are not modifiable,
anumber of important risk factors are potential targets for intervention. Thus, simple, non-pharmacological intervention
in patients at increased risk of osteoporotic fractures could include reduction of excessive alcohol intake, smoking
cessation, adequate nutrition, patient education, daily physical activity and a careful review of medications that could
increase the risk of falls and fractures. There remains, however, an unmet need for high-quality intervention studies in

most of these areas.
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Introduction and Aim

With the increasing availability of effective osteoporosis drugs in
the past 40 years, much effort has been focused on identifying
patients at high risk of osteoporotic fractures.! However, many
risk factors for osteoporosis and osteoporotic fractures are in
themselves modifiable and such risk factors are potential
targets for intervention.? However, the strongest risk factors
such as age, family history and prior fracture are essentially non-
modifiable; therefore, osteoporosis drugs of course remain
essential in managing patients with high fracture risk due to
osteoporosis. In the following overview of modifiable risk
factors, findings are generally based on observational studies
with only a few areas having been the focus of large high-quality
intervention trials.

The review is based on a larger number of references than
what could be accommodated in the reference list; a full list of
references is available from the authors.

Physical Activity and the Bone

Physical activity transmits loads to the skeleton, improves
muscle strength and balance and may thereby reduce the risk of
falls and fractures.® It is generally assumed that a high level of
activity corresponds to a high level of mechanical loading, with
the exception of a few non-weight-bearing activities, such as
swimming. We shall review the evidence in the following.
Regular weight-bearing physical activity is likely of particular
importance in childhood and youth as half of adult peak bone

mass is accrued during the teenage years.* Several studies
in childhood and young adults support a beneficial effect in
this age group.>™ In the adult, long-term data are somewhat
more limited. To our knowledge, there are only few long-term
prospective studies. In a 25-year prospective study, physical
activity reduces forearm bone loss in post-menopausal
women.® However, there is growing evidence from especially
meta-analyses that physical activity in adulthood can preserve
bone mineral density (BMD) and decrease the risk of fractures.
Kelley et al.® recently performed a meta-analysis on this in pre-
menopausal women and showed a significant inverse asso-
ciation with the overall risk of total fractures. This confirms and
extends the findings from several earlier meta-analyses in both
men and women.'©

Physical activity and the transmission of the load to the bone
might be highly related to the bone-muscle interface. An
aggregate data meta-analytic approach recently examined the
effects of ground and/or joint reaction force on BMD at the
femoral neck and lumbar spine in post-menopausal women not
participating in exercise currently recommended for bone
health.!" Twenty-five studies were included, representing 63
groups (35 exercise and 28 controls), and they assessed femoral
neck and lumbar spine BMD in 1775 participants. Overall, a
significant benefit of ground and/or joint reaction force exercise
on femoral neck and lumbar spine BMD was found.

Sarcopenia and osteoporosis are major health issues in post-
menopausal women. There is evidence that these two con-
ditions regularly co-exist and have largely overlapping risk
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factors.' The clinical importance of physical inactivity and
sarcopenia in relation to osteoporosis has increased in the
ageing society. Sarcopenia, defined as decreased muscle mass
and impaired muscle function, is directly related to the risk of
osteoporosis, falls and fracture. The prevalence of sarcopenia
has been reported to range from 10 to 40% in post-menopausal
populations depending on which method is used and also the
choice of reference population.’® There is growing and con-
sistent evidence from the literature that lean body mass is
positively related to bone mass.'* Adults who are skinny, that is,
body massindex (BMI) <18, is well established as risk factor for
osteoporotic fractures.™® On the other hand, being obese, that
is, BMI > 30, may increase fracture risk as well as discussed in
more detail later in this review.

Sjéblom et al.’® found that sarcopenia was significantly
associated with osteoporosis, fractures and falls. Skeletal
muscle index, that is, appendicular muscle mass (kg) divided by
the square of height (m?), grip strength and physical perfor-
mance of sarcopenia combined, exhibited a stronger rela-
tionship with osteoporosis, fracture and falls than any of these
individual components alone. Sarcopenia does not seem to be
only loss of muscle mass but also loss of muscle strength and
performance. Even though muscle power can be evaluated in
several ways, grip strength seems to be the one component that
revealed the strongest association with osteoporosis, fractures
and falls. It is challenging to separate the components sar-
copenia and falls as risk parameters of osteoporotic fractures,
as sarcopenia also increases the risk of falling.

Fractures in the elderly arise predominantly from the com-
bination of falls and osteoporosis. The odds of a fracture are
seven to nine times higher among community-dwelling post-
menopausal women, with both a fall and osteoporosis/
osteopenia, compared with women having a fall or osteo-
porosis/osteopenia only.'” Morrison et al.'® have shown that in
Western cohorts of older women and men, annual prevalence
rates of low-impact falls were within the range of 0.217-0.625.
Fall prevalence rates were 20% lower in men than in women. A
median of 4.1% of low-impact falls resulted in fractures in
cohorts of Western women and men. The percentages of all
low-trauma fractures attributable to low-impact falls and all
fractures that were osteoporotic were similar, ranging from 86.0
10 95.0% and 71.6 to 92.4%, respectively.

An abundance of risk factors for falls among the elderly and
old has been identified in cohort studies.'® With an increasing
number of risk factors accrued over time, the risk of falls
increases accordingly. During the last decades, different
strategies to prevent falls have been tested in trials and different
results have been reported. Trials of fall prevention among
different groups of patients or citizens have been performed.
The trials have included single to interventions or multifactorial
fall prevention. A recent Cochrane study included 159 trials
conducted with a total of 79 193 participants. Group and home-
based exercise programs, and home safety interventions
reduced the rate of falls and risk of falling.>* Multifactorial
assessment and intervention programs reduced the rate of falls
but not risk of falling, whereas Tai Chi reduced the risk of falling.

Smoking

Smoking is one of the most important lifestyle factors that
reduce bone mass. It is of course a modifiable risk factor and

should be appraised when assessing individual fracture risk."®
The negative effects of smoking on cardiovascular and pul-
monary function are well described, and smoking cessation
remains the single most effective intervention to reduce the risk
of tobacco-induced pulmonary disease such as chronic
obstructive pulmonary disease (COPD) and to slow its pro-
gression.?° Determining the independent role of smoking in
decreasing bone mass is more complicated, as smoking may
be correlated to other risk factors for osteoporosis such as low
BMI, decreased physical activity and poor diet.'®

Pathophysiological Mechanisms of Tobacco Smoking on
Development of Osteoporosis

Several underlying pathophysiological mechanisms predis-
pose smokers to bone loss. Such mechanisms include direct
and indirect cellular effects on bone cells involving all skeletal
sites.?!

Direct effects on bone cells

Nicotine is thought to affect cell proliferation in a biphasic
manner, with toxic and antiproliferative effects at high levels of
nicotine and stimulatory effects at low levels.?' The actions
may be receptor-mediated via a nicotinic acetylcholine
receptor. Low levels of nicotine upregulate osteocalcin, type |
collagen and alkaline phosphatase gene expression.??

In human osteoblasts, nicotine induces an increase in tumor
necrosis factor-a secretion leading to reduced bone formation
by osteoblasts and increased osteoclastic resorption. tumor
necrosis factor-o has particularly potent effect on osteoclas-
togenesis, as it not only promotes RANKL production but
synergizes with RANKL to amplify osteoclastogenesis.?® Strong
evidence supporting the role of the RANK/RANKL/OPG system
in osteoclast formation and the regulation of bone resorption
exists.?*

In clinical studies of patients with COPD, increased levels of
cytokines such as interleukin-6, and tumor necrosis factor-o are
present in the peripheral blood.2® Although smoking in itself
induces the release of pro-inflammatory markers, the pro-
duction and release are even higher in patients with COPD
compared with asymptomatic smokers, indicating an additional
role of COPD per se on the local and systemic inflammatory
response negatively affecting bone remodeling.

Studies on effects of smoking on the RANK-RANKL-OPG
system are few; clinical studies are limited to subjects with
periodontitis showing lower levels of OPG in smokers versus
non-smokers.2®

Indirect effects on bone cells
Smoking has been shown to induce alterations in the cal-
ciotropic and adrenal cortical hormone metabolism, leading to
further increased bone resorption.26 In clinical studies, smoking
has been associated with increased cortisol levels.?” Excess
glucocorticoid affects bone remodeling both direct and
indirectly, inducing alterations in osteoblastic and osteoclastic
activities.?®

Part of the negative effect of smoking on bone metabolism is
mediated by effects on sex steroid metabolism. This most
important hormonal effect seems to be the lowering of estradiol
levels,?® which may in itself contribute to increased fracture
risk.>°
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Intestinal calcium absorption is lower in smokers as com-
pared with non-smokers. This impairment of calcium
absorption could lead to accelerated bone loss and limit the
usefulness of dietary calcium supplementation.®'In addition to
the effects of nicotine on bone metabolism, the vast amount of
other toxic compounds may contribute to bone degradation. A
recent study on the effects of two toxic agents benzo(a)pyrene
(BaP) and 2,3,7,8-Tetrachlorodibenzo-p-dioxin revealed
excessive formation of osteoclasts in mice.? To what degree
the individual compounds contribute to bone degradation, and
if their effects are mutually synergistic, remains unclear.

Smoking and Smoking Cessation

Smoking is almost universally recognized as arisk factor for low
BMD and increased fracture risk.®®3* Smoking has been found
in meta-analyses to increase the lifetime risk of developing a
vertebral fracture by 13% in women and 32% in men. Smoking
may increase lifetime fracture risk of hip fracture by 31% in
women and 40% in men.®® There is an independent, dose-
dependent effect on bone loss that may be partially reversed by
smoking cessation. Reduced BMD in smokers is supported by
a large meta-analysis including 29 cross-sectional studies
reporting the difference in bone density in smokers and non-
smokers. The estimated cumulative risk of hip fracture in
women was 19% in smokers and 12% in non-smokers to age
85; 37 and 22% in smokers and non-smokers, respectively, to
age 90. In post-menopausal women, it is estimated that one hip
fracture in eight is attributable to smoking. This association
could not explained by smokers being thinner, younger at
menopause and exercising less nor by actions of smoking on
estrogen, indicating an independent negative effect of smoking
on bone where current smokers lose bone at faster rates.®®

Results from the population-based Gothenburg Osteo-
porosis and Obesity Determinants study also indicate that
smoking is associated with alower (a)BMD and reduced cortical
thickness in young men.3” The Swedish Mr OS study suggests
that smokers are at elevated risk for vertebral fractures as well
as nonvertebral osteoporotic fractures, defined as humerus,
radius, pelvis and hip fractures. However, after adjustment for
BMD and other covariates, no significant association between
smoking and incident fractures was found.®® Previously, in a
large prospective cohort study of middle-aged women,
smoking was not associated with elevated forearm and hip
fracture risk.3® Overall, although some studies provide con-
flicting results, based on the largest meta-analysis the central
negative role of smoking on bone health seems unarguable.

The comprehensive analyses by Kanis et al.3® found that
current smoking was associated with a significantly increased
risk of any fracture compared with non-smokers. As a con-
sequence, current smoking was included as a risk factor in the
World Health Organization methodology for calculating the
absolute risk of fracture (FRAX).

Quantification of risk as a function of dose is currently not
possible. However, the prevalence of osteoporosis in patients
with a long-term smoking history, leading to COPD, has been
reported as high as 69% depending on the clinical setting and
methodology.*® Patients often present with additional risk
factors of osteoporosis such as the use of corticosteroids, as
opposed to smokers with no COPD diagnosis. As severity of
COPD progresses, the proportion of patients with osteoporosis
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increases.*' Further, survival after hip fracture is much poorer in
patients with COPD.#243

On the basis of observational studies, the effects of smoking on
the skeleton are at least partly reversible. In a large Danish
population study, tobacco smoking was also found to be an
independent risk factor for hip fracture in both men and women.
No gender differences were found in the impact of smoking on risk.
The observations indicated a reduced risk of hip fracture in men
after 5 years following smoking cessation, whereas the deleterious
effect of smoking seems long-lasting in female ex-smokers.**

Results from other comprehensive longitudinal observational
studies indicate that smoking cessation is associated with BMD
levels between that of never-smokers and current smokers, *%-4¢
pointing to a beneficial effect of addressing this modifiable
risk factor.

The negative impact of smoking on bone health reaches
beyond increased risk of osteoporosis and fracture. Smoking
has been suggested to worsen the prognosis of surgical
fracture procedures and to prolong healing time. Indeed, in a
systematic review including 19 cohort studies, it was concluded
that smoking significantly increased the risk of nonunion of
fractures overall. Increased time to union in all fractures and
increased postoperative rates of superficial and deep infections
in smokers compared with nonsmokers have been observed.*”

Alcohol

The effects of alcohol consumption on the risk of osteoporotic
fractures are mediated through both direct, endocrine,
metabolic and nutritional effects that converge on the bone.*® In
a subset of patients, the consequences of skeletal fragility are
further exacerbated by an increased risk of falling due to
intoxication and/or neuropathy.*® The effects of alcohol on sex
steroids are complex and dose-dependent. Although chronic,
heavy consumption of alcohol can decrease free testosterone
and estradiol levels, light or moderate alcohol intake can be
associated with a later menopause®® and with higher serum-
free testosterone after menopause.®! Hypercortisolism and a
lowering of serum leptin can also be a consequence of chronic
large intake.5>®® Alcoholism may be accompanied by poor
nutrition and exocrine pancreas insufficiency with malab-
sorption and vitamin D deficiency. Whereas BMD effects of low
to moderate alcohol intake appear modestly positive,>* studies
have consistently found an increased risk of fractures in men
and women with moderate or high alcohol consumption.>5-5°
Apatient level meta-analysis of three prospective cohorts found
no increased fracture risk with intake of two units of alcohol daily
but an increased risk of (relative risk) 1.23 for fracture in general
and 1.68 for major osteoporotic fractures with three units of
alcohol or more. The study found no effect modification by
baseline BMD, age or sex.®* Osteopenia in alcoholism may be
reversible as suggested by a small observational cohort
study;61 however, there is a lack of longitudinal studies to
properly inform the evidence base regarding the reversibility of
fracture risk upon reduction of excessive alcohol intake.

Nutrition

The nutrients that have received the bulk of attention are vitamin
D and calcium, two pivotal contributors to bone mineralization.
Although the optimum serum vitamin D level is the focus of keen
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scientific debate,®>® there is certainly evidence that fracture
risk is increased with vitamin D levels below 50 nmol |~ '.646%
Interestingly, randomized intervention studies have shown that
neither vitamin D supplementation nor calcium supple-
mentation on its own reduce the risk of osteoporotic fractures,
whereas the risk is modestly decreased —by 20% or less—by
supplementation with these two nutrients in small amounts
(10 pg of vitamin D and 400-800 mg of calcium) in combination.
There is some evidence suggesting that daily but not semi-
annual or annual supplementation confers a benefit; however,
the combination with calcium supplementation is usually
performed on a daily basis as only vitamin D itself is fat-soluble
and can be given at longer intervals. The existing trials cannot
properly separate the effect of daily dosing from the effect of
calcium. The role of vitamin K, another fat-soluble vitamin, in
bone health is interesting and has a potential for development of
new therapeutics, although high-quality trials are lacking.
Readers are referred to the recent review by Hamidi et al.®® Both
vitamin A and vitamin E have complex and dose-dependent
actions on the bone. In the case of vitamin E, gamma-toco-
pherol may be associated with increased bone formation,
whereas alpha-tocopherol may antagonize this effect.” Within
the water-soluble vitamins, B1, B6 and B12 have all been linked
to bone health. The relationship is complex, with potential effect
modification by MTHFR genotype.®® A comprehensive review
of other aspects of nutrition, including magnesium and protein
intake and the risk of osteoporosis, is available elsewhere.®%7°

Drug Exposures

Osteoporosis is a familiar adverse effect of a few classes of
drugs, including glucocorticoids’""? and aromatase inhibi-
tors,”® and a strongly suspected adverse effect with others,
such as proton pump inhibitors (PPIs) or SSRIs. Although the
drugs may have been prescribed for the best of clinical reasons,
there may be a potential for risk modification by successfully
controlling diseases with drugs that are not harmful to the
skeleton (for example, using H2 blockers instead of PPIs where
possible) or by modifying risk by co-administration of osteo-
porosis drugs. Prevention of glucocorticoid-induced osteo-
porosis can be accomplished with a significant risk reduction by
co-prescription of antiresorptives.” Although based on limited
evidence, the use of calcium and vitamin D supplementation as
a first step in prevention of GIO is universally endorsed;”®
therefore, it is unlikely that controlled trials will be undertaken.
The mechanisms linking PPls, controversially, to fracture risk
are poorly understood but may involve effects on calcium
absorption, hypomagnesemia, increased gastric histamine
release, ulcer disease and Helicobacter colonization.”®”” In the
case of risedronate, there is evidence supporting the efficacy in
patients who are also treated with PPIs; however, this is not at
present clear for alendronate.”® Taken together, it is important
for the clinician or pharmacist to be aware of the importance of
doing a full review of the medications used by osteoporosis
patients in order to identify opportunities for reducing fracture
risk by simple modifications to treatment.

Body Mass Index

As alluded to earlier in the review, alow BMl is a well-established
risk factor for osteoporotic fracture.'®”®8% A BMI of

<21kgm 2 or a body weight of <127 pounds is associated
with increased risk of low BMD and increased fracture risk in
women."'® There is a strong correlation between BMD and BMI,
and several studies have shown that a decrease in body weight
leads to bone loss.®' A recent meta-analysis investigated the
association between BMI and future fracture risk at different
skeletal sites and concluded that low BMI remains a risk factor
for hip and all osteoporotic fractures.®’ Even when adjusted for
BMD, low BMI remains a risk factor for hip fracture.'®8° BMI is
more predictive of osteoporosis than is weight alone.”® The
GLOW study recently showed that the relationship between
fracture and weight, BMI and height is surprisingly site-spe-
cific.®2 Thus, whereas BMI showed a significant inverse
association with hip, clinical spine and wrist fractures, weight
was ignificantly associated with the risk of malleolar fractures.
Forupper arm/shoulder and clavicle fractures, only linear height
was significantly associated. A number of mechanisms
whereby weight and BMI may influence fracture risk have been
proposed. These include, for instance, the effects on BMD and
muscle weakness. Further suggestions are nutritional defi-
ciencies of protein or vitamin D, decreased padding over the
greater trochanter or a greater liability to fall.">®? The asso-
ciation between BMI and fracture risk is complex, differs across
skeletal sites and is modified by the interaction between BMI
and BMD.

A recent study in post-menopausal women (369 healthy
women aged 40-88 years) found that the optimal value of BMI,
with the lowest risk of low femoral neck BMD (osteopenia or
osteoporosis), was 26.9kgm ~ 2. A further increase in BMI was
not favorable in terms of BMD.8®

Educational Intervention

Modifiable risk factors are potential targets for intervention to
decrease the risk of osteoporosis or osteoporotic fractures.
Beaudion et al.? have recently investigated the impacts of
educational interventions on modifiable risk factors for
osteoporosis after a fragility fracture. The study did not find a
significant difference in the proportion of women improving their
behaviors on modifiable risk factors such as smoking and
alcohol consumption or level of physical activity between the
usual care group and intervention group. The education
approaches only had a significant impact on Ca and vitamin D
supplement consumption. Few other studies have also
assessed the utility of simple educational interventions on
preventive behaviors for osteoporosis among women who
sustained a fragility fracture,2*8 all reached similar results.

Another approach in the attempt to get patients to change the
habits of the modifiable risk factors could be the use of risk
assessment tools in communicating risk of osteoporosis or
fracture. Explanation of risk and its implication is often chal-
lenging and is not always understood by the patient and the
health-care personnel. Moreover, pathophysiological pathways
are entangled so that modifying one risk factor may have direct
effects on other risk factors or modify their impact as illustrated
in simplified form in Figure 1.

Risk Assessment Tools and Reversibility of Risk

Numerous risk assessment tools have been developed to
integrate risk factors into a single estimate of fracture risk for
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Figure 1 Simplified chart of major modifiable risk factors for osteoporotic fractures.

individuals. There are great differences in the number of the risk
factors included in the algorithms and the weighting of each risk
factor in the calculation of risk. Many of these risk factors are
modifiable and weight/BMI is, for instance, present as a risk
factor in all risk assessment tools. Recently developed pre-
diction tools, such as the FRAX algorithm, Qfracture and Garvan
Fracture Risk Calculator, are aimed to assist clinicians in the
management of their patients through the calculation of the
patient’s 5- or 10-year risk of fracture based on a combination of
known risk factors.! Although relying on observational data
rather than intervention studies, the tools may also be useful to
some extent in patient consultations to assist discussions on
the impact of changing modifiable risk factors.®” The difficulty in
adequately predicting fracture risk after intervention is reflected
in the current debate surrounding the accuracy of risk esti-
mation once intervention with anti-osteoporotic drugs has
taken place.®® As reviewed above, smoking is one of the several
modifiable risk factors for osteoporosis and it may be that ‘risk’
illustrated by risk assessment tool could be used when advising
and assisting patients to stop smoking. We are not aware of any
studies investigating such an approach, but it could be an area
for future research.

Conclusions

Our understanding of the potential for modifying fracture risk by
lifestyle intervention is gradually improving through a large
number of observational cohort studies and clinical database
studies, albeit with a fairly slim evidence base when it comes to
intervention studies. Unlike most pharmaceutical interventions
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to reduce fracture risk, modifying lifestyle through physical
activity, by stopping smoking and by reducing excessive
alcohol intake, is associated with a host of added health
benefits and no perceivable long-term harms. This same is true
for weight gain in the underweight patient. Because of this, it
makes good clinical sense to encourage such lifestyle inter-
ventions, despite the limited amount and moderate quality of
evidence that intervention cuts risk. However, several questions
remain. It is tempting to recommend weight-bearing physical
activity but how much and how often is still essentially unknown
because of the difficulties in performing adequately powered
good-quality trials. For calcium and vitamin D supplements, the
issue is even much more difficult and controversial with
considerable disagreement between scientific bodies about the
benefit: harm relationship, the appropriate population in which
to intervene and even the vitamin D serum level to aim at. In
conclusion, simple intervention in patients with osteoporosis
should include reduction of excessive alcohol intake, smoking
cessation, adequate nutrition, patient education, daily physical
activity and a careful review of medications that could increase
therisk of falls and fractures. There remains, however, an unmet
need for high-quality intervention studies in most of these areas.
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