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ABSTRACT

Depression is one of the mental health disordersleads to major public health problems worldwide. The association
between depression and reduced bone mineral density (BMD) has been reported inconsistently.However the role of
depression as a risk factor for low bone mineral density (BMD) and osteoporosis is not fully understood, mainly
because the relevant literature is inconsistent and because information on the mechanisms mediating brain-to-bone
signals is rather scanty. Selective serotonin reuptake inhibitors (SSRIs), the first-line antidepressants, increase
extracellular 5-hydroxytryptamine (5-HT) levels but have deleterious skeletal effects. The skeletal serotonergic
system consists of 5-HT receptors and the 5-HT transporter (5-HTT) in osteoblasts and osteocytes. 5-HTT is a
transmembrane protein targeted by SSRIs. 5-HT restrains osteoblastic activity, thus leading to bone loss.This review
provides an extensive literature on markers of osteoporosis, and updated information on association between
depression, antidepressants and bone loss. Furthermorethis review highlights the probable mechanisms of
antidepressant drug-induced bone disease with emphasis on the side effect profile of these medications on bone
metabolism thus prompting clinicians to screen patients at high risk of osteoporosis onantidepressant drugs, to help
reduce the incidence of potentially avoidable fractures.
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INTRODUCTION

The bony adverse consequences of drugs for méimass, particularly in patients withdepression gsgchosis
have been relatively neglected by both researchedsclinicians. Among the various mental illnessasxiety,
depression and psychotic disorders are the mostnoonthat often require chronic treatment. In additio this,
major depressive disorder was ranked first as aecatiyears of life lived with disability (YLDs) ih990, 2005, and
2010 in Saudi Arabian population [1].In the pastéhdecades, the association between depresstie@essant
drugs and osteoporosis has been the subject adveirgy body of research, implicating major depressiisorder
(MDD) as a risk factor for bone loss and osteopisr¢2]. Like osteoporosis, MDD is a prevalent dsea
considered the second leading global cause of yefarkfe lived with disability [3]. Both depressiomand
osteoporosis are approximately three fold more comim women than in men [4]. With the advances um o
understanding of the impact of depressive illngssnedical health, until recently a largely negldcéeea, and the
introduction of medications that have limited sigféects,attention has largely been focused onetéehaviour
and neuroendocrine problems associated with deprgS$].Some reports have suggested that not only
depressionbut also antidepressants may lead topmstesis/reduced bone mineral density and incref&rseture
incidence[7,8].

Serotonin (5-hydroxytryptamine, 5-HT), norepineplbri(NE) and dopamine are the main neurotransmitters
implicated in the pathophysiology of depressivaalis [9,10]. The serotonin transporters are then n@aget of
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selective serotonin reuptake inhibitors (SSRIs¢mftised to treat depression in adults [11], as agethildren and
adolescents [12]. SSRIs are often preferentialgsgribed because of the reduced potential for adveffects
[13,14] butserious questions have been raised dagarthe influence of SSRIs on bone tissue.Moretiver
functional serotonergic pathway in bone has beemodstrated to regulate bone metabolism [15,16] and
preliminary clinical evidence demonstrating detniniaé effects of SSRIs on the skeleton [17]. In &ddito this,
impaired bone mineral accrual was demonstrateddwigg mice treated with SSRI (fluoxetine) [18].rEhermore,
5-HTT null mutant mice had a consistent skeletadruitype of reduced mass, altered architecture,irsfiedior
mechanical properties [19].

This review focuses on the recent updates on tlsecaion between depression, antidepressants and b
abnormalities. Moreover, the review provides anausthnding of the underlying pathophysiological haisms
that can aid clinicians in identifying and monitagivulnerable patients and in defining the optitharapy for all
affected patients.

1.Osteoporosis

Osteoporosis is a disease characterised by low bwass and deterioration of the bone architectuadig to
increased fragility and fracture. A fragility frace is defined as one that results from no idextilé trauma or
minimal trauma, such as fall from standing heightess. Osteoporotic fractures-particularly of feenoral neck
and of the vertebral bodies-impair the qualityité [20,21] and increase mortality [22]. They acabtor most of
the burden of disease in patients with osteoparbs&ctures also lead to greater utilization of iv&ldservices, with
the associated high costs [23]. Although a fragiliacture can occur in any bone, fracture of tig hpine, and
wrist are particularly common in individuals witlsteoporosisPrimary osteoporosis refers to a reduction in bone
mass related to aging and menopause, wheeeasdary osteoporosis results from specific diseases or drugs.

1.1. Epidemiology

Osteoporosis is considered as a serious publictheahcern due to its worldwide prevalence. Culyeiitis
estimated that over 200 million people suffer frahnis disease worldwide [24]. Approximately 30 % aif
postmenopausal women have osteoporosis in the dJBit@tes and in Europe. At least 40% of these wof@&h
and 15-30% of men [26] will sustain one or moregility fractures in their remaining lifetimes. Agej of
populations worldwide will be responsible for majocrease in the incidence of osteoporosis in pestpausal
women [27]. Osteoporosis is common in Saudi Aralpapulation and the burden of management in angagin
population will increase in coming decades. Grdealg estimated the prevalence of osteoporosisngn®audi
Arabian women aged 50-70 years to be approxima@dy [28,29].

1.2. Risk Factors

The various risk factors associated with osteopsrimgludenutrition, Sodium, Caffeine, Race, Asifflaucasoid
ethnicity, Body weight, Thinners/Low Peak bone mdsg Style, Alcohol abuse, Cigarette smoking, kaaf
exercise; Genetics, personal and family historyn&e gender; Disease, Cushing’s syndrome, Hypeoterand
Hyperparathyroidism. Further some medications halge been reported to induce bone loss such astisele
serotonin reuptake inhibitors, glucocorticoides.tiepileptic drugs, heparin, diuretic medication,oraatase
inhibitors and thyroxine[30].

Severalexperimental and clinical studies demoresirahe multifactorial pathogenic mechanisms of btoss

associated with excessive alcohol consumption suetf@nol-induced hypocalcaemia [31], increasedl readcium

and magnesium excretion/calcium[32] and magnesi@hdaficiency due to liver disease, malabsorptibnadcium

due to alcohol-induced structural alterations @& émterocyte, [34] defective vitamin D metabolisS3g][ ethanol-
induced depression of plasma testosterone le\a8$ scondary hyperparathyroidism[37], elevatiorireé plasma
cortisol levels[38], defective bone collagen systhE89] and metabolic acidosis [40].

The direct toxic effects of cigarette smoking omédias been demonstrated in animal studies, reponieaired
new bone formation on exposure to nicotine [41].wdweer the exact physiological consequence of citgre
smoking on bone is not clear. It has been repotted smoking is positively associated with higherusn
concentrations of gonadotrophins and lower serunatpgroid hormone leading to reduced circulatingcggen
level causing secondary increase in bone resorpdidh Moreover, smoking reduces absorption of icaic[43]
and transient rise in cortisol level [44], reduties bone mineral density. Recently, it has beeorteg vitamin D3
deficiencies in patients with chronic rhinosinusiéifter exposure to cigarette smoke [45]. Moredkierdepressed
subjects contained a higher proportion of smoké6.[n addition to this nutritional deficienciescéuas dietary
protein deficiency[47], very low calcium intake[48o contribute to bone loss.
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1.3. Diagnosis

1.3.1.DEXA Scan

The diagnosis of osteoporosis is primarily basedhenmeasurement of BMD, but a clinical diagnosis be made
in someone with several risk factors experienciricagility fracture. Methods for measuring BMD inde central
DEXA, peripheral DEXA, quantitative computed tomaghy, and quantitative ultrasound densitometryhdugh

all of these can predict the risk of fragility ftames, evidence supports the use of DEXA as thet mosurate
method, with the best positive predictive valuegstimate fracture risk in postmenopausal womenraed older
than 50[49].

The World Health Organization (WHQO) has recommentisal classification of bone health based on T-score
determined by DEXA scan (Box 1). Inspite of the meament of BMD by DEXA scan as gold standard diatin
test, some other biochemical markers of bone twensuch as bone resorption markers and bone farmatarkers
are also used forthe diagnosis of osteoporosis.

2.3.2.Biochemical markers of bone turnover

Bone metabolism is characterised by two opposiriyiies coupled in time and space at the levelaobasic
multicellular unit (BMU). Bone resorption consisif the dissolution of bone mineral and catabolignthe bone
matrix constituents by osteoclasts, leading to fdrom of a resorptive cavity and release of bondrira
components. During bone formation, osteoblastshegite bone matrix, which fills up the resorpti@vity and
undergoes rapid primary mineralisation followed the slow long-term secondary mineralisation[50].n80
formation markers are direct or indirect producfsaetive osteoblasts expressed during differentsphaof
osteoblast function and bone formation. The mokecmarkers of bone formation and resorption areveha table
1. Except for tartrate-resistant acid phosphatasgority of bone resorption markers are degradaimuducts of
bone collagen. Only recently have non-collagenoustepms such as bone sialoproteinandosteopontim bee
investigated as markers of bone turnover. Untiengly, most assays for bone resorption markers wenéined to
urine, but newer assays are now available alsoséoum measurements [51]. The molecular markersoot b
resorption are shown in below (Table 1).

2.Depression and bone mineral density

Like osteoporosis, major depression is a prevalesdrder, considered the second leading globalecatigears of
life lived with disability [3]. In the past threeedades, the association between depression araposisis has been
the subject of a growing body of research, impiigatmajor depressive disorder (MDD) as one of thestm
important medical conditions that contribute to uegd BMD and increased incidence of osteoporosie T
association between depression and osteoporosisdtadeen officially acknowledged possibly becatise
literature on the relationship between these canttis insufficiently conclusive and contradictoiy has been
reported in some clinical studies that patientshviitDD suffer up to 6-15% reductionin BMD, whereahears,
particularly large-scale population-based studsmw a weak or no relationship between the two itiomng [2].
Further, the correlation between MDD and low borassn which is stronger in women than in men amutén than
postmenopausal women has been explored in this-ametigsis study. In addition to this, a case-cdnstady
suggested an inverse association between MDD anbddubone mineral density (BMD) [52]. However, oofy
does the pharmacological modification of serotoitesystem but also depression itself affected theebhealth.
Apart from antidepressant medication many othetofacwhich contribute to bone loss and increasel of
fracture have been well documented. Further, somndies reported that the association between dsipresand
bone mineral density (BMD) appears to be independethe deleterious effects of antidepressanttherskeleton
[53]. In addition to this, Bab et al. (2010) reaitreduced BMD in depressed patients than non-degdepatient.

The association between depression and BMD is gé&moin women than men, and in premenopausal than
postmenopausal women. Only women psychiatricalpgadsed for major depression display significathy
BMD. The association of depression with lower bamess was significant for the spine (vertebrae),(hipximal
femur), and distal radius. A prospective study stwncreased risk of nonvertebral fracture (adpui@zard ratio
[HR], 1.30, p=0.008) and vertebral fracture (adddsibdds ratio [OR], 2.10, P<0.001) in 7414 eldexlyite
depressed women[54].Indeed, the greater the sgwefitdepression, the lower the BMD [55].Consistgnth
metaanalysis investigated the association betwhendépressive symptoms and bone stiffness in yaahdt
wherein they reported that the depressive symptoeats significantly associated with lower Sl in mént not in
women in Asian population [56]. This increased fuae risk in depressed patients appears to beypaqtlained by
disease associated falls and partly by a decreadB®ID [57,55, 6, 58].

These findings are further supported by a recenafaeralysis of 23 studies on the relationship betw#epression
and osteoporosis,which found that depressed patlead lower BMD at all sites (spine, femoral neshd total
femur)versus controls, which is likely to incredsgcture risk [59].More recently,a systematic rewiand meta-
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analyses of epidemiologic studies [60]demonstréttatl MDD was associated with lower BMD. These stadiave
shown that the presence of current depression s&sci@ated with a significant reduction in age-seight-race-
specific bone mineral density (BMD) and content (@)Wbf total body less head and lumbar spine [60,B1this

context, some studies reported that the associbgbmeen depression and bone mineral density (B&fipears to
be independent of the deleterious effects of aptilsants on the skeleton [53].

There are a various range of risk factors in deyg@patient that could be associated with the texus BMD and

increased rate of fracture[62].These risk factangld be i) Behavioural: indeed most of the behanabtactors that
contribute to reduced bone mass are also knowe tiask factors for osteoporosis which includeineeshrates of
smoking and alcohol use; poor nutrition; weightsl@nd lower body mass index; immobilization or tu
physical activity leading to muscle weakness ardeased risk for falls; and a sedentary lifestyih fess exposure
to sunlight and lower vitamin D levels[63]. Moreaoydepression has been recognized as an impoisarfactor for

falls [54]. It predicts functional decline and tbaset of excess disability, such as poor physigattion [64-67],

falls [68-72], and low bone density [73,74], all which increase susceptibility to osteoporotic daralimatic

fractures [75,76]. ii) Biological: Hyperprolactinéam hypercortisolemia, inflammation, increased cateaimbhes,

reduced gonadal steroids and iii) a series of piaiyn confounding factors [77], including comorbabnditions

which are known to increase the risk for depressiod osteoporotic fracture, such as cardiovasdlikease,
Crohn's disease, and diabetes, the concomitanbiuseedications such as glucocorticoids, estrogemw, laop

diuretics that reduce bone mass [78] as well aglgmiessants. Chronic disease may also be asgbaiatie

depression induced by the disability stemming fthenchronic disease in question.

2.1. Causal Relationship between depression and bone loss

Depression is currently believed to result from iemvmental (stress) and genetically induced alienat in
neurotransmission in one or more of the central gaarinergic pathways (noradrenergic, serotonergig a
dopaminergic) mediated by a complex mesh of facioctuding corticotropin-releasing factor, hypotualic—
pituitary— adrenal hormones, and cytokines [79-8hese biological changes during depressive epibasle been
implicated in the pathogenesis of depression indumee loss. It has been demonstrated that chroibit stress
(CMS), an established model for depression in rtedf8?], leads to bone loss. Moreover, CMS seletfiinhibits
bone formation and that this inhibition is mediat®d activation of the sympathetic nervous systelSB[83].
Furthermore, the CMS-induced bone loss, but not depressive-like state, could be prevented usirgpth
adrenergic antagonist, propranolol, portraying bosyanpathetic innervation as a brain-to-bone pathway
communicating depressive signals to the skeleton.

Studies have confirmed the role of persistent dienaf plasma cortisol due to stress during theressive episode
in depression induced reduction in bone mass atr@ased risk of fracture [84]. Furthermore, thereécrease in
gonadal steroids [85] in depressed patients whictinér contribute to the reduced bone loss anceased risk of
fracture. In addition, proinflammatory cytokineschuas II-6 and TNF-alpha, appear to mediate remor86,87]
and are upregulated in depression [88-90].

2.2. Role of serotonergic system and bone tur nover

Serotonin (5-hydroxytryptamine, 5-HT) is a monoaenineurotransmitter known best for its role in thSC
gastrointestinal (Gl) tract, and cardiovasculartesys Biogenic amine transporters are important leggrs,
controlling the synaptic and extracellular concatidns of these amines in the CNS by their higiniyf reuptake
from the extra- to the intracellular milieu. Thesealso major targets for many antidepressant dtgisinhibit
their activity, thereby potentiating the effecttbé& biogenic amines.

The role of antidepressants in the bone, spedyidhEe selective serotonin reuptake inhibitors (&JRactingas
targetsfor serotonin transporters has recentlya@td substantial interest because of its poteitiglact on
osteoporosis and resultant fractures. Serotonimsparters (5-HTT) as well as functional 5-HT receptare well
known for their expression in osteoblasts, ostezssyand osteoclasts[18]. 5-HT receptor agonisisiénte cell
proliferation, modulation of cellular response teahanical stimuli, potentiation of parathyroid home induced
increase in activator protein-1 activity and inae@é cAMP and prostaglandin E2 level in osteocytds[dowever,
in osteoclasts, 5-HT and 5-HTT have been showiiféztadifferentiation, but not activity [18].Moreey,disruption
of the 5-HTT gene or pharmacologic inhibition oH3F-T by SSRIs leads to a low bone mass phenotypgawing

mice [19]. These apparently paradoxical findingy maggest that 5-HT has different effects on démerestingly,
it has been suggested recently that the peripteardl central 5-HT signaling have opposite effectsbone.

Peripherally, 5-HT directly activates osteobla&ieiTR(s) to inhibit bone formation, whereas cemyrl inhibits

the sympathetic nervous system, thus alleviatiegnibgative adrenergic tone on osteoblasts [92]€elfirdings in
rodents are consistent with the limited data in ansthat suggest an important role for serotonmegulating bone
metabolism [93].
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SSRIs exert their effect by inhibiting the seroto(b-HT) transporter (5-HTT), resulting in blockezliptake of 5-
HT from the extracellular space [11]. In the shertm, administration results in elevated systemidTslevels, but
in the longer term, levels are reduced by about §8k Any systemic effects of SSRIs may resulnirohanges in
levels of systemic 5-HT, local blockade of 5-HTTc@mbination of both, or effects on other pathwaks.role of
circulating serotonin in regulating bone mass heenbdemonstrated by recent preclinical studieadtition to this,
patients treated with selective serotonin reuptaltebitors (SSRIsS) have reduced areal bone mindgeadsity
(aBMD).

Antidepressant drugs and bone

SSRIs as the first-line widely used group of angigssants (ADs), could also be a confounding viriaffecting
the present meta-analysis, as most studies refpatrtittis associated with low BMD and increasedtiiee risk,
particularly of the hip and vertebrae [55,57, 58 ®bich is presumably by increasing extracellulad® levels in
the brain. Moreover, the use of SSRIs has beenstowe associated with lower bone mineral den(&D) in
postmenopausal women [62] and men [55,57,96], aza@ rates of bone loss in older women [6], antheneased
risk of fracture [7,55,97,98]. With regard to thévarse effects of SSRIs in bones, several studiesodstrate a
skeletal serotonergic system consisting of 5-HTiR@dteoblasts and osteocytes as well as the 5-#iETmain
transmembrane protein as targetsfor SSRIs. Inaleas#TR activation restrains osteoblastic activitys leading
to a negative bone remodelling balance. Active 5+#id@eptors and the transporter 5-HTT have beercidgetan
chicken, mouse, and rat bone cells, indicatingla for 5-HT in bone biology, possessing the cajiighib both
manufacture and respond to 5-HT via receptor signdl5,16,99]. The role of 5-HT on bone remainsatentious,
however, with some reports showing 5-HT decrease&=oblast (OB) proliferation and formation [100,],0&hile
others refute a direct role [102]. It appears thatnegative skeletal effects of the peripheral IS8&iced increase
in 5-HT outweigh the skeletal benefits resultingnfr the enhanced central 5-HT antidepressant angathwlytic
activity.

Further, research has shown that osteoblasts heetosin receptors, and inhibition of the serotomamsporter
system may lead to osteopenia in animal modelsl(B), This could signal a reduction in BMD in hursan
following the use of SSRIs with the attendant iase=in fracture risk.Interestingly, human studiasehadded to
this concern, showing a reduction in BMD in a crsastional study [57] and an increased loss rat&fD in a
longitudinal study [58]. Regarding fracture riskeveral studies [7,98,104]have shown an increagbdrrisk of
fractures, in particular within the first 14 daylsuse of SSRIs.In support of these observations) bovitro and in
vivo evidence provide further support to the hurolmical findings [105] where SSRIs alone were shaw have
deleterious effects in vivo on mouse bone macrdo@ciure and microarchitecture, as well as meclzédnic
properties, suggesting an inhibition of bone groj®6]. Furthermore, administration of 5-HT has tbebown to
increase BMD in rats [107] and inhibition of theH3-T decreases BMD and bone quality[105,107] andiced
bone mineral accrual [19]. This reduction in bomldy is however not clearly seen with dual relgpténhibitors
[106]. More recently, all SSRIs except (citalopramhnhibitedalkaline phosphatase (ALP)activity
and bonemineralization by osteoblast but only ghéi concentration (30mol/L)in vitro on human osteoclast and
osteoblast and thereby modify their formation amatfion [108]. This finding may explain the mectsams of bone
loss with chronic use of these therapeutic agents

It is worth noting that not only SSRIs but alsaydlic antidepressants (TCA) have beenreportedxéstadverse

skeletal effects. Until recently only two studieseéstigated the impact of tricyclic and SSRIs anhip fracture risk

[7,104]. However, it remains unclear if differeneedst between the various types of TCAs and SSRis,if drugs

with, e.g., higher sedative potential carry a higlek of fractures than other types of antidepmass It may thus be
that both TCAs and SSRIs share a common risk ¢, falhereas the SSRIs carry an additional riskeufrelasing

BMD through effects on the bone cells. A furthempds that some of the TCAs may also affect santoeuptake

in the same way as SSRI but to a lesser extenfTf8re was an increased risk of any fracture atdoses for

amitriptyline but not for imipramine and nortripityt. The TCAs and SSRIs may thus, besides effetésed to

falls, also share effects on bone turnover and BRIBe study of institutionalised elderly patients Baggested that
patients using SSRIs were at higher risk of fallihgn those using TCAs [109]. Some antidepressastzcially

the MAO-B inhibitors and the norepinephrine modatatsuch as mirtazapine and mianserin, do not taffex

serotonin reuptake system, whereas others suchrdafaxine and reboxetine, do [8]. One study inmideghat the

MAO B inhibitors and norepinephrine reuptake intobs, were not associated with an increased rigkactures, in

contrast to TCAs and SSRIs [104].

Table 2 summarizes the studies evaluating the mdEnT between depression, antidepressant and buneral
density or fracture risk. The type of antidepressinug used, study design, number of samples aadrthjor
conclusion drawn from each study are listed. Itvjgtes as insight into the upto date studies comlitt assess the
bony impact of antidepressant drugs.
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3. Pathophysiology of antidepressant-induced bone loss

Despite the growing evidence of the link betweepréssion and osteoporosis, the underlying mechaném not
well understood but may include effects of depmssind effects of medications used to treat depesymptoms
on bone metabolism. However, several potential meisims have been postulated for a direct effediepfession
on bone metabolism. Ample evidence exist to supfi@t depression may be a risk factor for ostecgisraith
alteration in the adrenergic axis and the hypothagpituitary-adrenal axis [53,77]. Elevated plasoeatisol levels
have been observed in depressed subjects and kaweaktributed to an impaired hypothalamic—pityitadrenal
system in depression [110]; these elevations isméacortisol levels have been postulated to leaactelerated
bone loss [74]. Upregulation of proinflammatory akihes, such as IL-6 and TNF-alpha, appear to nedia
resorption [86,87] and are upregulated in depresg88-90].Although the physiological processes ragdg bone
loss are complex, the most common cause of bosadaex hormone deficiency [111,](Figure 1).

Box 1: WHO classification of bone health based on T-scor e determined by DEXA scan.

Box.1: WHO classification of bone health based estdre determined by DEXA scan in postmenopausaiemand men older than 50 years
Classification T-Score (SD)
Normal >-1.0
Osteopenia -1.0to-2.5
Osteoporosis <-25
Severe 0steoporosis < -2.5 plus one more fradibigture
[ Depression/Stress | =)
|Estradiol | —— | 1Cortisol |

Preosteoblast
Antidepressants

Figure 1: Pathophysiology of bonelossinduced by drugsfor mental illnesses (antipsychotics and antidepr essants). (1), increase; (),
decrease; (+), stimulation; (-), inhibition, CRH, Corticotropin-releasing hormone; ROS, Reactive oxygen species; CAs, Catecholamines,
OB, osteoblast; RANKL, Receptor activator of nuclear factor kappa-B ligand; Pre-OC, Preosteoclast; 5-HT, 5 Hydroxytryptamine
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Table 1: Biochemical markers (bone formation and bone resor ption) of bone tur nover

Bone resor ption

Bone for mation

Markers (Abbreviations)

Specificity

Markers (Abbreviations)

Specificity

collagen (NTX-I)

terminal propeptide (PINP)

fibroblasts

. . All fibrillar collagens and partly collagenous peots, including| Total alkaline phosphatase Specific for bone formation only in the absence|of
Hydroxyproline, total and dialyzable (HxP) Clqg and elastin; present in newly synthesised aatdn@ collagen | (total ALP) liver or biliary disease
Pyridinoline (PYD) Collagens, with highest concentrations in cartilaged bone;| Bone specific alkaling Specific product of osteoblast; some assays show up
Y absent from skin; present in mature mature collameyn phosphatise (bALP) to 20% cross-reactivity with liver isoenzyme (LALR)
Collagens, with highest concentration in bone; abstom Specific product  of  osteoblasts; many
Deoxypyridinoline (DPD) cartilage or skin; present in mature collagen only Osteocalcin (OC) |mmunoreactlve forms in blood; some may pe
derived from bone resorption
Carboxy- terminal crosslinking telopeptide pfCollagen type |, with highest contribution probalftpm bone; Osteonectin Bone-specific protein that binds selectively totbot
type | collagen (CTX-MMP, formerly ICTP) may be derived from newly synthesized collagen hydroxyapatite and collagen
Carboxy- terminal crosslinking telopeptide pf L M Procollagen type | carboxy} Specific product of proliferating osteoblasts anhd
type | collagend-CTX-I, B-CTX-I) Collagen type I, with highest contribution probafstym bone terminal propeptide (PICP) fibroblasts
Amino-terminal crosslinkedtelopeptide of typg ICoIIagen type I, with highest contribution probablym bone Procollagen type 1 amino} Specific product of proliferating osteoblasts ahd

Hydroxylysine glycosides (Hyl-glycosides: Ga
Hyl, Glc-Gal-hyl)

|_Collagen and collagenous proteins; Glc-Gal-Hylightproportion
in collagens of soft tissues, and C1q; Gal-Hylighhproportion in
skeletal collagens

Bone sialoprotein (BSP)

Synthesised by active osteoclast and laid down @neh
extracellular matrix. Appears to reflect osteockastvity

Tartrate-resistant acid phosphatase (TRACP)

Osteoclasts (5b), platelets, erythrocytes, othercas (5a)

Scholar Research Library

428



Abdulrahman S. ALAnazi

Der Pharmacia Lettre, 2014, 6 (6):422-433

Table 2:Studies exploring the relationship between depression, antidepr essants (selective serotonin reuptake inhibitorsand tricyclic antidepressants) and bone mineral density (BMD)

Effect on BM D/fracture ver ses nonuser s

Authors Description of Study Population SSRI TCA Conclusion

Robbins et al.,| Population baseq . L L * Depression was negatively associated with
2001 [116] cross-sectional study 1,566 Medicare enrollees age 65 No association sNiogation totalphip BMD in the fSII coh())/rt

Kinjo et al. 2005 Cross—_sectior_]al 14646 a(_jults _receiving CNS active o o * No relationship between antidepressant use
[115] analysis in the age_nts, including 154 patients @nNo association No association and BMD (but _<1% pf the NHANES

NHANES population antidepressants population was using antidepressants)
. . . Hip BMD decreased . .

Diem et al. 2007b| 2722 women, aged65 years 5 years Hip BMD decreased by 0.8% in users vers * SSRI use, but not TCA use, is associated

(58]

Cohort study (USA)

of follow-up

0.5% in nonusers(P<0.001)

uBy 0.5% in users (same 4

in nonusers)

S

with reduced BMD

Haney et al. 2007
[57]

Cross-sectional
analysis (USA)

5995 men, agexd65 years

Hip BMD 4% lower (P=0.002)
and spine BMD 6% lower in users vers
nonusers(P<0.001)

No difference

ubetween users

and nonusers

=3

* BMD is lower among men reporting currep
SSRI use

Richards et al.

2007 [55]

Population based
Cohort (Canada)

5008 adults, aged50 years 5 years 0
follow-up

Hip BMD reduced by 4% (significant) an
spine BMD by 2% (nonsignificant) versy
nonusers

f

d

sNo information

* SSRI use lowers BMD at hip and spine

Any fracture: 1.27 (1.13+
1.42); Hip: 1.35 (0.99-

* Sedating TCAs were associated with higher

Vestergaard et al. Case-control stud 124,655 fracture cases, 373,962Any fracture: 1.40 (1.35-1.46); Hip: 2.021 84). risk for fracture
2008 [8] Y controls (1.85-2.20); Vertebral: 1.56 (1.29-1.88) AT * Increase in risk may be linked to affinity of
Vertebral: 1.98 (1.22+
3.22) SSRI to 5-HTT system
Prospective cohort 6441 women, mean age 64 years, with . . . .
gggg?llelrn et al, study (Women's BMD evaluation No association No information BfASDRI use not associated with a changg in
Health Initiative, USA) | 3 years of follow-up
Wiliams et al.| Cross-sectional Reductions in femoral neck BMD (6%),
) ; . 124 women trochanter BMD (6%), and forearm BMID No information * SSRI use lowers BMD at certain sites
2008 [118] Analysis (Australia)
(4%), all P<0.05 versus nonusers
. 83 adolescent boys treated with . .
Calarge et al| Cross-sectional } ) SRI use associated with lower trabecul . . .
2010 [113] analysis (USA) nspendon'e, mean age 12 years 45 o MD at radius (P=0.03) and spine (P<0.05) o information SSRI use reduces BMD in adolescents
of 83 on risperidone and SSRI
5 -
Diem et al., 2013| Prospective cohort 311 new users of SSRIs, 71 new user0.63% per year in SSRI users while 0.68% )EOAOA) per year In TCA SSRI or TCA users had an increased rate of
f users while 0.68% pe .
[114] study of TCAs, and 1590 nonusers year in nonusers bone loss compared with nonusers.

year in nonusers

* Depressive symptoms were significantly

Oh et al., 2013 Cross-§ect|ona| 123 men and 133 women No information No information associated with lower bone stiffness index|in
[56] analysis (Korea) .
men, but not in women

Sommerhage ef Population based stud . . . . » Women with depression have low BMD at
al., 2013 [119] (Estonia) 50 women No information No information the lumbar spine.
Shea et al., 2013 . 76 patients using venlafexine aged B(12 weeks venlafaxine treatment increased |t . . » Serotonergic  antidepressants  primarjly
[120] Prospective study years and older B-CTX without affecting PINP W\?O information increased the bone resorption.

: *Depressive illness is associated with
ggiirg[lgo] et al, g:r:c;IS;Sissect|onal 222 adolescents and young adults No information inflomation significantly lower bone mass and reduced

cortical thickness in youths
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CONCLUSION

This article raises as many issues as it does assWéoser monitoring of vulnerable groups is sisgjge to
evade long-term bony adverse consequences in tmtereiving drugs for mental illnesses (antidegarsand
antipsychotics). Although such effects are unavoligla but the proper selection, close monitoring and
supplementation with calcium and vitamin D at tigdir time can protect the bone from adverse effetthese
drugs. Moreover, this article focuses on the pathegis of bone loss induced by the aforementioned
pharmacological agents. This review also attempdeexplore the mechanism of bone loss induced lgir
used for mental illness in experimental models ahtdone protective strategies in such conditioneriable
chronic therapy with these medications without coonising bone health.
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