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ABSTRACT

Osteoporosis and depression are two chronic diseases that affect large population groups with
great impact on morbidity, mortality and quality of life. An association between osteoporosis
and depression has been described in the literature. Definitely, limited data suggest that os-
teoporosis may enhance depressive symptoms, while far more studies have shown that depres-
sion adversely affects bone density and increases fracture risk. However, neither causation
nor a firm pathophysiological connection has been established. Thus the correlation of these
diseases is still under research. This review comments on a plausible causative relationship
and underlying mechanisms that might elucidate the link between two very common diseases.
We describe the possible impact of osteoporosis on moods and the (better established) effect
of depression on bone health. We also describe the effect of medication and review hormonal

and cellular signals that may explain this effect.
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INTRODUCTION

Osteoporosis is a chronic skeletal disease character-
ized by systemic impairment of bone mass and decline
in bone strength resulting from micro-architecture
deterioration. As a result, the propensity to fragility
fractures of the vertebrae, wrist, hip and other skeletal
sides is increased,'” with fragility fractures inevitably
augmenting morbidity and mortality among this
population.*¢ It may also generate chronic pain, which
diminishes mobility and consequently the capacity for
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self-care, often creating a feeling of loss of indepen-
dence and low self-esteem. All these adversely affect
the patients’ quality of life.”!! The financial burden of
osteoporosis is substantial, taking into account both
acute and rehabilitative care following osteoporotic
fractures, while the societal burden is also aggravated
by the decrease in health status.'>"* In fact, by 2025,
annual direct costs from osteoporosis are expected
to reach approximately $25.3 billion, while the cost
for fracture treatment in Europe alone is estimated
to exceed 76 billion Euros by 2050."%1

Depression is another chronic debilitating disease
with high prevalence, characterized by changes in
mood, self-attitude, cognitive functioning, sleep, ap-
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petite and energy level, which have a major impact
on quality of life.”” In general, depressive disorders
are expressed by sadness that interferes with daily
function and are often accompanied by decreased
interest or pleasure in activities. The term depression
is often used to refer to any of several depressive
disorders including major depressive disorder (often
called major depression or MDD), dysthymia, depres-
sive disorder not otherwise specified, depressive disorder
due to a general physical condition and substance-
induced depressive disorder."® Major depression is a
leading cause of disability worldwide, second only to
hypertension, and the most common chronic condi-
tion encountered in general medical practice, while it
will in all likelihood be the greatest cause of disability
worldwide by 2020.'8 The exact pathophysiological
mechanism is still being studied but the etiology is
most probably multifactorial, involving heredity and
psychosocial factors, changes in neurotransmitter
levels and altered neuroendocrine function. Thus,
diagnosis is based on medical history. Treatment

usually involves drug administration, psychotherapy
or both, and, occasionally, electroconvulsive therapy
or phototherapy.'®

Depression is correlated with osteoporosis substan-
tially in literature, wherein weak support for the idea
that osteoporosis and fractures cause depression is
documented, while, in contrast, there is more evidence
that depression (especially when treated with certain
antidepressant medications) or other mood disorders,
as anxiety and stress, have negative correlation with
bone density and are associated with an increased risk
of osteoporotic fractures.”* When a link between
two ailments is reported, an exploration of causation
is mandatory. In the present case, the question arises
whether depression leads to low bone density and
fractures, or whether osteoporosis is the cause of de-
pressive symptoms. The direction of the causative link
is still controversial and the etiology remains unclear.”
The aim of this article is to summarize the current
evidence that may elucidate some pathophysiological
aspects of this association (Figure 1).
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Figure 1. The bidirectional relationship of depression and osteoporosis (proposed mechanisms)
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A. THE “DEPRESSIVE” FACE OF OSTEOPOROSIS

Chronic pain, in general, significantly impacts on
patient-perceived health status. It adversely affects
everyday activities, among which are personal relation-
ships and work, thus evoking depressive symptoms.*
Impaired physical activity and the inability to function
in everyday life creates a sense of incapacity that may
reduce self-esteem and the perception of well-being.
In osteoporosis, chronic pain, which rises from de-
formities of skeletal, joint and musculo-tendineous
structures,”® leads to diminished quality of life.”!!

There is no solid evidence that osteoporosis per
se leads to psychological illnesses and no proof that
it can be the cause for depression. Studies, limited in
numbers and weak in provision of conclusions, are
however in accordance with physicians’ impression that
osteoporosis and fractures may lead to some degree of
depression, as they affect the psychic sphere in many
ways. Osteoporosis, even without co-existing clinical
fractures, has been associated with the undesirable
consequences of chronic pain, deformity, impaired
physical ability, reduced social activity, loss of control,
poor well-being and depressed mood, which overall
lead to a reduced quality of life.'"**?” Thus, women
with osteoporosis may present significantly higher
levels of depressive symptoms and a corresponding
higher prevalence of depression.?

The Multiple Outcomes of Raloxifene Evalua-
tion (MORE) study showed increase of prevalence
of depression among patients with osteoporosis and
especially in postmenopausal women with verte-
bral fractures who exhibit much greater prevalence
of depressive symptoms and probable depression
compared to those without fractures while the num-
ber of fractures resulted in a proportionately worse
“Geriatric Depression Scale” score.” Additionally,
osteoporotic fractures, like hip fractures, promote
depressive expressions, the frequency of which may
range from 9% to 47%, and hip fracture patients
may develop major depression even before being
discharged from the hospital.®

The impact of osteoporosis on individual mental
health has been studied, at a population level, by ac-
cessing patient reported outcomes (PRO) through
validated questionnaires which explore quality of life,
back pain, ability to function and anxiety and depres-

sive symptoms that arise from a degree of incapacity
that comes with the disease and an overall sense of ill-
being.?! The improvement of self-reported depressive
symptoms mitigated by antiosteoporotic treatments
that are recorded through such questionnaires could
be mediated through improvement of the frequency
and severity of back pain and movement limitations,
as has been recorded.*

B.THE “OSTEOPOROTIC” FACE OF DEPRESSION

While limited literature supports the notion of
depression being a direct complication of osteopo-
rosis, quite a few studies have provided evidence that
depression may lead to bone health deterioration and
increased fracture risk in adults,''*¥3 and could even
affect peak bone mass in children and adolescents.*
For more than a decade, the question has been posed
as to whether depression is a major risk factor for
osteoporosis, as a strong association between depres-
sion and osteoporosis has been revealed.’’

Depression and Bone Mineral Density

Depression has been associated with lower bone
mass,” but the results regarding this association differ
between published studies and meta-analyses depend-
ing on the study design, evaluation of depression and
other characteristics of the included population. Such
results are summarized in different tables of many
publications, as e.g. in those by Cizza et al.***

After adjustment for osteoporosis risk factors,
Bone Mineral Density (BMD) is negatively associated
with depressive symptoms in older patients.*® This
association has also been observed in patients with
self-reported depression, in psychiatric populations, in
adult men and pre-, peri- and postmenopausal women
and even in children and adolescent patients, 2033343743
In the latter population, two quite recent studies drew
contradictory conclusions: in one only adolescent
boys with MDD presented with statistically lower
hip bone density compared to controls,* while in the
other depressive symptoms had a deleterious effect
on bone accrual among adolescent girls.* In young
patients, lower density of trabecular but not corti-
cal bone was shown.? Since there is great interest
regarding the effect of depressive disorders on bone
formation and peak bone mass attenuation, larger
studies elucidating this subject should be implemented.
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Low BMD is prevalent even at very early stages
of major depression.***® In a meta-analysis, Yirmiya
and Bab specified that depressed individuals display
lower BMD in the spine, hip and forearm, while a
stronger association is observed for premenopausal
than for postmenopausal women.*’ In another meta-
analysis addressing the correlation of depression
and bone density, Wu et al. showed a pooled lower
BMD at the spine and hip for depressed compared
to non-depressed groups.*> Women diagnosed by a
psychiatrist, and not those diagnosed by self-rating
questionnaires, displayed significantly low BMD,*
even though some authors relate low BMD with
depression diagnosed by self-report questionnaires
(based on the Diagnostic and Statistical Manual of
Mental Disorders, fourth edition (DSM-IV) criteria).*

Only a minority of studies have failed to demon-
strate lower BMD in patients with depression.**
The majority of studies, as described above, correlate
depression with low bone density, and a study assess-
ing determinants of osteoporotic fractures in primary
care suggests that depression can be considered as a
predisposing factor that shows clinical significance
and magnitude of impact similar to other established
risk factors for osteoporosis.”® In an endeavor to
provide an explanation regarding the inconsistency
in association between depression and BMD in some
studies, Heany and Warden conclude that differences
in population or diagnostic assessments, the effect of
medications and/or other non-measured confounders
may be responsible.’!

Depression and markers of bone metabolism

In some studies, depressed patients show increased
urinary levels of bone resorption markers**’ and
serum osteocalcin, parathyroid hormone (PTH)
and C-terminal telopeptide (CTX),* this probably
reflecting increased bone remodeling, while others
provide evidence of higher cortisol excretion along
with lower serum osteocalcin concentrations and uri-
nary excretion of deoxypyridinoline.” In a recent study,
bone turnover markers, parathyroid hormone and
Receptor Activator for Nuclear Factor B ligand were
significantly higher in depressed patients compared
with controls, while serum levels of 25-hydroxivitamin
D and osteoprotegerin were significantly lower.*
However, there are also reports that were unable to

establish any differences in cortisol levels in either
pre- or postmenopausal women with depression.*4°
Moreover, antidepressant therapy may alter markers
of bone metabolism: in a study treating patients with
escitalopram 10 mg/day, increased bone formation
and decreased bone resorption in premenopausal
women with major depression was revealed via marker
measurements.”

Depression and falls

Falls are the seventh leading cause of death in
older persons and depression is among their intrin-
sic causes.”> Data summarized in the American
Geriatrics Society guidelines suggest that depression
confers a higher mean relative risk for falls (2.2) than
cognitive impairment (1.8) or age of 80 and older
(1.7).** The MOBILIZE Boston Study showed that
the association of depressive symptoms with fall risk in
older adults is mediated, in part, by chronic pain.* In
addition to the above, some antidepressants (especially
selective serotonin reuptake inhibitors (SSRIs) and
possibly tricyclic antidepressants (TCAs)) contribute
to falls, perhaps through sedation, insomnia and
impaired sleep, nocturia, impaired postural reflexes
and increased reaction times, orthostatic hypotension,
cardiac rhythm and conduction disorders, movement
disorders and/or other mechanisms.’” Interestingly,
depression following fractures may also be a risk factor
for future falls,’® which may lead to future fractures.

Abidirectional relationship of depression with falls
proposes the mechanism of excessive fear of falling,
which, through impairment of gait and balance, medi-
ated through cognitive, sensory and motor pathways,
leads to further increase in falls risk.”

Depression and fractures

Only a few studies have failed to confirm in-
creased fracture rates in patients with depression.®
The majority draw the conclusion of augmented risk
of osteoporotic fractures, especially when antidepres-
sant medications are being taken. Indicatively, women
with depression present a roughly 40% increase in
risk for non-vertebral fractures compared to controls
for both pre- and postmenopausal mentally distressed
women.?%12 Depression has been identified as a
predisposing factor for osteoporotic fractures in the
primary care setting® and a predictive factor for hip
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fractures, even after adjustment for antidepressant
medication use,'”% with a hazard ratio of 1.9.% It
is suggested that women with current depression
or a past medical history might be at an increased
lifetime risk for fractures because of the severity of
their bone density losses.*” Depression also seems to
affect fracture healing: in a study of 55 patients with
hip fracture, 69.1% had depression as diagnosed by
respective questionnaires. Different functional recov-
ery after surgery was recorded for depressed versus
non-depressed subjects in this study.®*

Antidepressants and fracture risk

The use of psychotropic medications, including
anticonvulsants, barbiturates, narcotics and neuro-
leptics, has been associated with osteoporosis and
increased fracture risk, especially in the elderly.*76>7!
In the Study of Osteoporotic Fractures, depression,
per se, as well as SSRIs were associated with increased
rates of bone loss at the hip, when adjusted for poten-
tial confounders. This was not evident for TCAs in
this study,* by contrast with other studies.’” SSRIs
have collectively been associated with osteoporosis
and fractures.’”¢% A quite recent meta-analysis
implicates the use of these agents with as much as a
twofold increase in fracture risk, even after adjust-
ment for potential confounders, with a dose-response
relationship for SSRIs and an effect linked to the
affinity of each SSRI for the serotonin transporter
system. The increase in risk is expected to be higher
within 1 month after initiation for tricyclics and 8
months for SSRIs and diminishes in the year follow-
ing discontinuation.®” Antidepressants, as previously
mentioned, also increase the likelihood of falls, further
aggravating the risk for fractures, thus providing one
plausible causative connection between depression
and osteoporotic fractures. Compared to non-SSRI
users, serotonin reuptake inhibitors increase the rela-
tive risk of fracture by 72%.% Thus, recommendations
have been issued for routine skeletal evaluation and
timely antiosteoporotic therapy for patients with
depressive disorders especially when SSRI treat-
ment is prescribed.” As also mentioned above, less
evidence connects tricyclic antidepressants (TCAs),
benzodiazepines, valproate or other psychotropics
with diminished bone health.3"% Risk assessment for
osteoporosis per antidepressant therapeutic area has
been estimated and osteoporotic fracture rates are

increased two-fold with SSRIs, marginally increased
with TCAs and possibly decreased with lithium.®”! A
risk assessment per medication category provides an
odds ratio (95% Confidence Intervals) of 1.45 (1.32 to
1.59) for SSRIs, 1.18 (1.10 to 1.26) for Carbamazepine,
1.15 (1.07 to 1.24) for Non-SSRIs (e.g., tricyclics,
atypicals), 1.10 (1.04 to 1.16) for Benzodiazepines
and 0.63 (0.43 to 0.93) for Lithium.”’

A connection has been proposed between an
anabolic effect of Glycogen Synthase Kinase (GSK)-
3[beta] inhibition and the use of lithium: this would
imply exertion of action through the Wnt/beta-catenin
signaling in the skeleton. Of note, all of the major
bone cell lines (osteoblasts, osteoclasts and osteocytes)
possess a functional 5-hydroxytryptamine transporter
(5-HTT) that is highly specific for 5-HT uptake as
well as functional receptors for 5-HT. Thus, the
SSRIs seem to have direct anti-anabolic skeletal
effects which are attributed to the pharmacological
inhibition of 5-HTT.”

In summary, evidence for a direct and an indirect
(through medication) effect of depression on bone
health has accumulated suggestive of bone mineral
density decrease, falls sustainability and increased
fractures rate in patients with depression.

A RELATIONSHIP IN BOTH SEXES?

Most of the literature that correlates osteoporosis
with depression has derived from studying female
populations, since both osteoporosis and depression
are more prevalent in women. Nevertheless, osteo-
porosis has recently been recognized as an major
cause of morbidity for the male sex as well, while
unipolar depression, even though not as frequent as
in women, still affects approximately one in ten men.”
According to some authors the correlation between
BMD and major depressive symptoms is stronger
in women compared to men.*” Others report that
depressive symptoms are not associated with BMD
in community-dwelling older men,” nor is fractures
incidence increased.®” By contrast, in population-based
studies, an association of major depressive episode
with bone mineral density (BMD) in young and older
male adults was described.”’® The observation of
increased bone loss in men with depression®”% and
of an almost triple relative risk for the development
of osteoporosis, compared to mentally healthy men,”
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may provide further evidence for a positive relation
of the two diseases in men, as established in women,
and recommend that older men with depression be
prompted to undergo screening for osteoporosis.’
On the other hand, as regards adolescents, a recent
study proved evidence of statistically lower BMD
only in teenage boys, an association not observed in
girls, while in another, depressive symptoms had a
deleterious effect on bone accrual among adolescent
girls.** The statistical power of the referred studies
should be considered.

WHY DO DEPRESSED PEOPLE DEVELOP
OSTEOPOROSIS?

1. Lifestyle

It is important to stress that, since modern popula-
tions are increasingly overfed, malnourished, seden-
tary, sunlight-deficient, sleep-deprived and socially-
isolated, these changes in lifestyle each contribute
to poor physical health and affect the incidence and
treatment of depression.”® According to this obser-
vation, such an unhealthy way of life, which may be
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observed particularly in severe cases of depression,
could lead to low bone density and a susceptibility
to fractures. More specifically, patients with severe
depression are usually more prone to a sedentary
lifestyle, low calcium intake diet, physical inactiv-
ity,” tobacco abuse,* excessive alcohol intake (>3
units per day),* and have a deteriorated quality of
life.®? Increased PTH and a low vitamin D (secondary
hyperparathyroidism) may be a consequence of poor
diet and lack of exposure to sunlight.®

2. Hormonal influences

It is suggested that, at a cellular level, the brain may
control bone remodeling through genetic, molecular
and physiological pathways, while, as with all other
homeostatic functions, bone remodeling is under
the control of the hypothalamus, thus osteoporosis
should be considered a neuroskeletal disease.* Many
changes in hormonal pathways which cross-interfere
between bone and the brain, such as the decrease of
estrogen and testosterone levels,® excess secretion
of cortisol® or inflammatory cytokines** have been
implicated (Figure 2).
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Figure 2. Suggested osteal-encephalic interactions in depression. The two colors of the 5-HT box represent its dual origin which leads

to different mechanisms of action.
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The role of Gonadal hormones, Growth
Hormone, Cytokines and Cortisol

According to a suggested pathophysiologic mecha-
nism, depression leads to excessive activity of the
hypothalamic-pituitary-adrenocortical and sympatho-
adrenal axes,”*3"! with increased Corticotropin-Re-
leasing Hormone (CRH) production which provokes
higher ACTH and consequently cortisol secretion,?
and suppression of the gonadal and somatotrophic
axes with decrease of Growth Hormone-Releasing
Hormone (GHRH) and Gonadotrophin-Releasing
Hormone (GnRH) production which suppresses the
secretion of GH and gonadal steroids, respectively.
CRH also stimulates catecholamine release, induc-
ing interleukin-6 production. The hyperactivity of
the hypothalamo-pituitary-adrenal and sympatho-
adrenal axes, together with the suppression of the
somatotrophic and gonadal axes, results primarily
in decreased bone formation, ultimately leading to
net bone loss.” In a minority of studies this bone loss
has not been proven.*

Depression subtypes may have different effects
on bone health

Depression subtypes may exert different effects
on the Hypothalamus-Pituitary-Adrenal axis result-
ing in various degrees of endogenous cortisol sup-
pression.’”# Moreover, different clinical subtypes
of depression are associated with different circadian
endocrine profiles and metabolic parameters.* Further
research to evaluate the impact of different degrees/
subtypes of depressive disorders on bone metabolism
may be useful.

The role of Serotonin and the Sympathetic
Nervous System

Serotonin modifies psychological and behavio-
ral functions such as mood and anxiety and is an
important neurotransmitter which plays a key role
in the pathophysiology of psychiatric illnesses, like
depression. Serotoninergic pathways may also play
an important role in bone through 5-HT signaling
or through some other mechanism. In consequence,
depression and antidepressant medications may
influence bone health through 5-HT signaling.*’
Serotonin (5-HT) is produced in the brain and the
gastrointestinal tract, a portion of which is resorbed
by platelets. 5-HT exhibits separate central and pe-

ripheral functional identities.”” Due to the blood-
brain barrier there is isolation in function of either
fraction. 5-HT receptors have been identified in all
the major bone cell types (osteoblasts, osteocytes
and osteoclasts), and stimulation of these receptors
influences bone cell activities, some studies showing
stimulatory effects on bone formation and others
showing inhibitory effects.”! It seems that 5-HT acts
both indirectly and directly, depending on its origin.
There is a direct effect of gut-oriented 5-HT which
promotes reduction in osteoblast proliferation.” Re-
garding brain-produced serotonin, this is released at
neuronal synapses. Serotonin-producing neurons of
the raphe nuclei project to the ventromedial (VMH)
hypothalamic nuclei, decreasing the activity of the
sympathetic nervous system (SNS), an inhibitor of
bone mass accrual.”

There is even greater confusion when one tries to
use the above data in serotonin changes that take place
in major depression and through the action of SSRIs,
where perhaps a central decrease of 5-HT results
in increased SNS activity. Depression is associated
with excessive adrenergic activity and a consequent
increase in bone norepinephrine levels accompanied
by restrained bone formation resulting from reduced
osteoblast number and skeletal deficiency, suggesting
arole for the sympathetic nervous system in skeletal
effects of depression.”® SSRIs may also interfere with
5-HT uptake by bone.®*

It has been proposed that there is a dual effect of
5-HT on bone metabolism with anabolic action from
the brain-derived substance (which acts through inhibi-
tion of the sympathetic tone) and catabolic action from
the gut-produced circulating 5-HT (which acts directly
on bone cells through LRPS, an atypical member of
the low-density lipoprotein receptor family),” and
this could determine the basis for understanding the
effects SSRIs have on bone health. It also introduces
the Wnt pathway in the pathophysiology of depression-
induced skeletal changes. Wnt serves as a stimulus of
the proliferation of mesenchymal stem cells and the
commitment of these cells into osteoblasts, preventing
their differentiation to chondrocytes and adipocytes.
It also increases the mineral apposition and bone
formations rate and stimulates the production of
osteoprotegerin, repressing osteoclast differentiation
and function. Wnt activity is inhibited by sclerostin and
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Dkk1, both secreted by late OBs and osteocytes. Dkk1
expression is increased by Wnt activity, establishing
a negative feedback loop. Thus, the Wnt signaling
pathway increases bone formation and represses bone
resorption.”>? Mounting evidence suggests a role of
5-HT in mediating the complete skeletal effects of
LRP5, which represents a significant paradigm shift
from the traditional view that LRP5 located on the
cell surface membrane of osteoblasts exerts direct
skeletal effects via Wnt/beta-catenin signaling. It is
of note, however that comparison of patients with
carcinoid syndrome and elevated serotonin produc-
tion with patients with carcinoid syndrome without
elevated serotonin production revealed no differences
in bone turnover markers.” Whether this observation
questions the clinical relevance of serotonin, produced
in the intestinal tract, in the control of human bone
turnover or whether it is related to different effects
of serotonin derived from carcinoid tumors needs
further elucidation.

The role of leptin

Evidence indicates that leptin acts centrally,
through its receptor (Lepr), expressed in serotonin-
producing neurons of the raphe nuclei, decreasing
the expression of tryptophan hydroxylase 2 (Tph2),
the gene encoding the initial enzyme for serotonin
biosynthesis.*”** Thus, leptin regulation of bone me-
tabolism and bone mass may be mediated through
inhibition of nuclear serotonin synthesis.”

Other data on leptin, however, suggest that it
plays an anabolic role in bone formation and, at the
serum level, its administration increases circulating
insulin-like growth factor 1 (IGF-1), osteocalcin,
osteoprotegerin (OPG) and receptor activator of
NFkB ligand (RANKL).” The P.O.W.E.R. study
showed 25% higher leptin levels, with a nocturnal rise,
in community-dwelling premenopausal women with
major depression. According to the authors, this may
be secondary to activation of the sympathetic nervous
system, which is known to stimulate leptin secretion
and contribute to the development of osteoporosis
in women with MDD.!® Leptin levels, however, have
failed to associate with bone mineral density or the
risk of fracture in humans.”!"! Regarding this point,
namely the involvement of leptin in bone loss in hu-
mans with depression, the literature is as yet unclear.

Vitamin D and parathyroid hormone

Vitamin D insufficiency and concurrent hyper-
parathyroidism are known predisposing factors for
osteoporosis.'? Some studies,'®1%but not others,'®
have linked low vitamin D levels with depression. No
association of depression and PTH has been shown
in most,'®*% but not all cases.*! However, very recent
reviews associate primary hyperparathyroidism with
depression and link parathyroidectomy with symptom
alleviation.'® Given the fact that PTH receptors have
been found in the brain, in hypothalamic, limbic and
sensory brain regions that potentially exert an influ-
ence on the neuroendocrine system,'”” one could
speculate that chronically elevated PTH levels may
have a direct effect on the nervous system, thus af-
fecting moods. This speculation is subject to further
research.

On the other hand, an increase in bone remod-
eling, independent of vitamin D deficiency, may
induce calcium release and inhibition of parathyroid
hormone secretion in depressive disorders.!%

Since this field is not well elucidated, no patho-
physiologic mechanism to link depression and os-
teoporosis through vitamin D can be proposed at
the moment.

Table 1 and Figures 1 and 2 briefly depict the pos-
sible mechanisms expounded regarding a depression-
osteoporosis association.

E. THE FRAX® SCORE AND DEPRESSION?

The FRAX® tool has been developed by the World
Health Organization to evaluate patients’ fracture
risk. It is based on individual patient models that
integrate the risks associated with clinical risk factors
as well as bone mineral density (BMD) at the femoral
neck (FRAX® WHO Fracture Risk Assessment Tool
homepage).

There is no data regarding possible incorporation
of depression (or other independent fracture risk fac-
tors). Perhaps this is because of the inconsistency of
data between various studies. For example, in a study
assessing 5-year incidence rates and determinants of
osteoporotic fractures in primary care.*® Although the
FRAX® score was a reliable indicator, depression was
an independent risk factor for fracture in women but
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Table 1. Proposed pathophysiologic links between depression and
bone deterioration

Poor lifestyle, tobacco and alcohol abuse, physical inactivity,
dietary imbalances

Hormones

® Gonadal hormones. Suppression due to chronic stress

® GH. Suppression due to chronic stress

o Cortisol. Excessive secretion due to hyperactivity of the hy-
pothalamicpituitary- adrenocortical axis

® Leptin. Not adequate data to support definite involvement.

e Vitamin D and PTH. Depression linked with hyperparathy-
roidism, and low vitamin D levels. No association of depression
and PTH in majority of studies.

Sympathetic Nervous System. Inhibitor of bone mass accrual.
Excessive activity in depression.

Serotonin

a. gut-derived: direct effect on bone, promoting reduction in
osteoblast proliferation

b. brain-derived: indirect effect on bone, through decrease of
the activity of the sympathetic nervous system. In depression,
brain SHT levels fall. SSRIs may increase the direct effect on
osteoblasts.

Cytokines. Stimulated, by CRH, production of IL-6

GH: Growth hormone, PTH: Parathyroid hormone, SHT: Sero-
tonin, SSRI: Selective Serotonine reuptake inhibitor, CRH:
Corticotropin releasing hormone, IL: interleukin

not in men. Thus different methodology, inclusion
criteria and treatment options may have made the
use of depression in this tool impractical.

In the authors’ opinion, since the use of the FRAX
score for clinical assessment of osteoporosis is gaining
ground, further research work should be performed
evaluating the role of depression on the FRAX®
score and its overall significance as independent
predictive marker.

F. AVAILABLE GUIDELINES

According to recent recommendations of the
Canadian Network for Mood and Anxiety Treat-
ments (CANMAT) task force for the management
of patients with mood disorders and select co-morbid
medical conditions: '®

1. The massively growing body of research on mood
disorders and their effect on bone health suggests

that this relationship is complex, and interpreting
these findings has proved to be challenging. Patients
age >40 with long-term SSRI exposure (>2 years)
should be routinely screened for bone density via
dual-energy X-ray absorptiometry (level 2).

2. The data related to long-term use of some
mood stabilizers are more definitive, however, and
we know that exposure is directly related to decreased
BMD. Patients receiving long-term exposure to these
medications should be routinely screened for bone
density (level 1).

3. For adults age >50 who are at moderate risk of
vitamin D deficiency, supplementation with 800 to
1000 IU (20 to 25 mcg) of vitamin D3 daily is recom-
mended (level 2).

CONCLUSIONS

The majority of studies and meta-analyses provide
evidence of an unfavorable effect of depression on
bone health, which is likely to come about via more
than one mechanism, suggesting that depression is a
risk factor for osteoporosis and fractures. Addition-
ally, patients with osteoporosis suffer the mental
consequences of this chronic disease. The relationship
is not only limited to postmenopausal women, who
tend to be the focus of our interest when we discuss
osteoporosis and fractures, but also involves men
and young populations. However, because studies
and meta-analyses use different diagnostic criteria,
populations and methods of analysis, they may provide
data that tend to be controversial and conflicting. It
is therefore evident that the need for clinical trials
to evaluate the effect of different types of depressive
disorders as well as the impact on specific popula-
tions still exists.

Until then, we strongly believe that psychiatrists
should be encouraged to provide patients with de-
pression lifestyle modification instructions in order
to improve bone health and avoid falls, while selected
patients with depression should be evaluated for
osteoporosis. We also agree with Haney et al. that
at least SSRIs should be considered medications that
contribute to osteoporosis and consequently SSRI
users should be screened accordingly.'”
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