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Abstract Depression is one of the most important mental
health problems and a leading cause of disability. Selective
serotonin reuptake inhibitors (SSRIs) are considered as
first-line therapy for the treatment of depressive symptoms
among older adults because of their presumed favorable
adverse effect profile. However, they could have deleteri-
ous effects on the bone. Evidence from longitudinal, cross-
sectional, and prospective cohort studies suggests that the
use of antidepressants at therapeutic doses is associated
with decreased bone mineral density and increased fracture
risk. The association between SSRIs use and fracture risk
could potentially differ depending on dose, exposure
duration, time of exposure, age, or sex. However, the risk
of fracture declined rapidly after discontinuation of use of
SSRIs. The evidence now seems sufficient to consider
adding SSRIs to the list of medications that contribute to
osteoporosis. In practice, assessment of risk factor for
osteoporosis or fractures could be made taking into account
age, gender, duration, and severity of depression, length of
SSRI treatments, and other concurrent risk factors.
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Depression is a major public health problem and a leading
cause of disability. Indeed, depression is one of the most
important mental health problems, especially in the elderly,
and it is associated with a poor natural history, reduced
quality of life, and increased utilization of medical health
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services and high mortality [1]. Epidemiological studies
suggest that the prevalence of some form of depression is
about 20-25 % in the Western population, with substan-
tially higher rates in women than in men [2, 3]. The
increased prevalence of depressive disorders has multiplied
the prescription of antidepressant treatments [4, 5].
According to a study from the National Health and Nutri-
tion Examination Survey (NHANES), about half of
patients with moderate or severe depressive symptoms
have some form of treatment [2]. However, this figure
reflects symptoms in a population cohort, many of whom
will not have sought medical help or have a formal diag-
nosis of depression [6].

Antidepressants are one of the most commonly prescribed
drugs in the Western world. Tricyclic antidepressants (TCAs)
and selective serotonin reuptake inhibitors (SSRIs) are two of
the most widely prescribed classes of antidepressants. How-
ever, SSRIs are considered as first-line therapy for the treat-
ment of depressive symptoms among older adults because of
their presumed favorable adverse effect profile [7]. The
mechanisms of action of all these agents involve some impact
on the serotonin system, though the degree of inhibition of the
serotonin transporter (5-HTT) system may differ between
classes. The SSRIs inhibit serotonin reuptake by the presyn-
aptic neuron, thereby maintaining higher levels of serotonin in
the synapse and increasing postsynaptic neurotransmission
[8]. The serotonin molecule has some remarkable properties
as recently reviewed [9]. It is synthesized by two different
genes at two different sites and plays antagonistic functions on
bone mass accrual at these two sites [9]. When produced
peripherally, serotonin acts as a hormone to inhibit bone for-
mation. In contrast, when produced in the brain, serotonin acts
as aneurotransmitter to exert a positive and dominant effect on
bone mass accrual by enhancing bone formation and limiting
bone resorption. Anyway, most of the experimental in vitro
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and epidemiological studies have shown the negative impact
of SSRI on bone.

Evidence from longitudinal, cross-sectional, and pro-
spective cohort studies suggests that the use of antide-
pressants at therapeutic doses is associated with decreased
bone mineral density (BMD) and increased fall and frac-
ture risk [8, 10-19]. These associations have been dem-
onstrated in several distinct populations, using various
study designs and with bone density, bone loss, or fractures
as outcomes [20]. Interestingly, these results are consistent
after adjustment for confounding variables such as age,
body mass index, lifestyle factors (alcohol, tobacco use),
and history of fractures. It should be noted that alterations
observed in BMD with the use of antidepressant drugs may
take long to be of clinical importance and that the effects of
short duration of use may have more clinical consequences
on falls and the related fracture. However, new insights in
the molecular pathways of bone remodeling have clarified
the mechanisms responsible for skeletal fragility in several
forms of secondary osteoporosis [21], and new methods
have been proposed to investigate the bone quality in this
clinical context [22].

Recently, some meta-analyses have been performed to
review and quantitatively assess the effects of antidepres-
sants medications and the risk of fracture [23-26]. Two of
them have discussed specifically the effect of SSRIs [4,
24]. In the first one, published in 2012, Eom and Collab-
orators have included seven case—control and five cohort
studies in the final analysis [25]. They have showed that the
overall risk of fracture was higher among people using
SSRIs (adjusted odds ratio [OR] 1.69, 95 % confidence
interval [CI] 1.51-1.90). The most recent meta-analysis,
published in 2013 by our group, has included 16 studies
[24]. It was shown that use of SSRI was associated with a
61, 65, 64, and 22 % of risk increase in fractures of all
types, non-vertebral, hip, and spine fractures, respectively
([For fractures at any site: RR 1.61, 95 % CI 1.49-1.74];
[For non-vertebral fractures: RR 1.65, 95 % CI 1.44-1.89];
[For hip fractures: RR 1.64, 95 % CI 1.42—-1.89]; [For spine
fractures: RR 1.22, 95 % CI 1.05-1.42]). Interestingly, in
this last meta-analysis, additional data highlighted that
SSRI use showed systematically a higher increase in the
risk of fractures of all types, non-vertebral, and hip frac-
tures than studies evaluating TCA use.

All epidemiological studies assessing the effect of
SSRIs on fractures are limited by the confounding vari-
ables included. Unfortunately, the types of confounders
varied among the trials, and it seems that no consensus
exists in the covariates used in risk adjustment. Anyway, in
the meta-analysis of 2012, grouping studies by the number
of adjustment variables for osteoporotic fracture risk fac-
tors revealed a higher increased fracture risk in those
adjusting for fewer than four variables (adjusted OR 1.83,
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95 % CI 1.57-2.13) than in those adjusting for four or
more variables (adjusted OR 1.38, 95 % CI 1.27-1.49)
[25]. One of the important confounding variables is the
depression status. Indeed, confounding by indication may
be an important cause of the observed association since the
medications are often prescribed for depressive symptoms,
which have been associated, but not consistently, with
lower bone mineral density, increased risk of falls, and
increased risk of fractures in some studies [15, 27].
Moreover, it has been shown that antidepressant use is
associated with poorer health status, poorer physical
functioning, and other factors which are associated with an
increased risk of fracture [8]. Interestingly, in our last
meta-analysis, a less pronounced increase in fracture risk
was observed in studies with adjustment for depression
[14].

Hill criteria of causation are important to have in mind
when considering causal relationship between a specific
factor (e.g., SSRIs use) and a disease (e.g., fracture) [28].
Besides the strength of the association, the consistency of
findings, the biological plausibility, the specificity of the
association, and the temporal sequence of the association
that have been discussed above, biological gradient (e.g.,
the dose-response) is also important when exploring the
relationship between SSRIs and fracture. Interestingly, the
association between the use of SSRIs and fracture differs
depending on dose, exposure duration, time of exposure,
age, or sex. Most of these data have been taken into
account in the meta-analysis of Eom et al. [25]. The authors
have shown that subgroup analysis by exposure duration
revealed that the strength of association decreased with a
longer window of SSRI administration before the index
date. Same results were also nicely shown in a Dutch
cohort where the risk of hip/femur fracture was increased
during the first few months of continuous use of SSRIs,
peaking at about 8 months, and remained elevated after
about 1.5 years of continuous use [29]. The meta-analysis
also showed that age, dose, and sex do not seem to have an
impact on the strength of the association between SSRIs
use and risk of fracture [25]. More recent data, however,
seem to differ. Indeed, the large Danish case—control study
of Vestergaard et al. [30], published in 2013, shows that for
SSRI, a growing excess risk of fractures is seen with both
increasing dose and age. More recently, in a large Canadian
10-year study, it was shown that participants taking higher
doses of SSRI/SNRI at baseline had a significantly higher
risk of fracture [19].

The risk of fracture after the end of use of antidepressant
medications is also of primary importance. In this regards,
one study is of particular interest. In this Dutch case—control
study, van den Brand et al. have confirmed that the risk of
hip/femur fracture increased with current use of SSRIs
(adjusted OR 2.35, 95 % CI 1.94-2.84]) [29]. However,
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they also showed a clear association between the time since
the last intake of an SSRI and the risk of hip/femur fracture.
The risk of hip/femur fracture, which was increased in
current users, declined rapidly after discontinuation of use.

A few possible underlying mechanisms support the
biological plausibility of these observations [15]. One
explanation is that increased fracture risk is mediated
simply by falling. Another explanation could involve the
influence of serotonin on bone. SSRIs may thus, besides the
effects related to falls, share effects on bone turnover and
bone mineral density. Anyway, the evidence now seems
sufficient to consider adding SSRIs to the list of medica-
tions that contribute to osteoporosis [8]. This would imply
that clinicians consider osteoporosis management (i.e.,
bone mineral density assessment) for people taking SSRIs,
or those taking SSRIs with some additional risk factors, for
their risk of fracture. Interestingly, antidepressant use is not
listed as a secondary cause of osteoporosis in the FRAX
algorithm. Since the association between SSRIs use and
fracture risk seems to be independent of bone mineral
density, it may be useful to consider the possibility to have
it included in FRAX. In practice, recommendations could
be made at an individual level, taking into account age,
gender, duration, and severity of depression, length of
SSRI treatments, and other concurrent risk factors. At this
stage, it seems appropriate to expect that providers of
SSRIs have at least some discussion about bone health with
their patients, with the final objective, from a public health
point of view, to promote a healthy ageing [31].
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