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Effects of Psychiatric Disorders
and Psychotropic Medications
on Prolactin and Bone Metabolism

Madhusmita Misra, M.D.; George 1. Papakostas, M.D.;
and Anne Klibanski, M.D.

Objective: Osteoporosis occurs in common psychi-
atric conditions and causes significant morbidity.
Many neuroleptic medications can cause hyperprolac-
tinemia, which can then potentially be associated with
bone loss. Few reviews have thus far addressed this
issue. We have consolidated information from studies
that examined effects of psychiatric conditions and
their treatment on bone metabolism.

Data Sources: We searched PubMed for original
articles and reviews published between 1976 and 2004
that described changes in bone metabolism in psychi-
atric disorders and examined prolactin elevations with
neurol eptic medications. Keywords used were major
depressive disorder, bipolar disorder, schizophrenia,
bone density, bone metabolism, hyperprolactinemia,
typical antipsychotics, and atypical antipsychotics.

Study Selection and Data Extraction: 160 articles
published in peer-reviewed journals were identified
and are summarized, with greater emphasis given to
data from larger, controlled studies.

Data Synthesis: Schizophrenia and major mood
disorders are often associated with perturbationsin
bone metabolism related to factors including nutri-
tional alterations, smoking, and hypogonadotropic
hypogonadism, with or without medication-induced
hyperprolactinemia. Polydipsia can contribute to bone
loss in schizophrenia, whereas hypercortisolemiais
often associated with low bone density in depression.
Lithium in bipolar disorder and thyroid-stimulating
hormone-suppressive doses of L-thyroxine have a
negative impact on bone health. Mood stabilizers such
as carbamazepine and val proate can a so affect bone
density. Hyperprolactinemia may lead to bone loss
only if associated with untreated amenorrheain
women or testosterone deficiency in men. Some
atypical neuroleptics, by causing lesser elevations
in prolactin, may therefore have a less marked
impact on bone than typical neuroleptics.

Conclusions: Because significant morbidity is as-
sociated with low bone density and many psychiatric
conditions may have a negative impact on bone me-
tabolism, bone density evaluation should be consid-
ered an integral component of chronic medical care
of these disorders, and risk factors should be identified
and addressed.
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ertain psychiatric disorders are now known to be

associated with low bone mineral density (BMD),
including schizophrenia, schizoaffective states, major de-
pression, and bipolar disorder.*® Eating disorders, espe-
cialy those associated with low body mass index (BMI)
and lean body mass such as anorexia nervosa, are well
known to be associated with osteopenia and osteoporosis
and have been extensively reviewed in other publica-
tions.”™ A decrease in BMD at the hip by about 10% has
been associated with a greater than 40% increase in frac-
ture rates over a 10-year period,™ and once lost, bone
mass in this population may be difficult to gain back. Psy-
chotropic medications, including a number of antidepres-
sants, antipsychotics, and benzodiazepines, have side ef-
fects that include sedation, orthostatic hypotension, and
dyskinesias, which may predispose patients on treatment
with these medications to falls. Depression is aso an in-
dependent risk factor for falls and subsequent fractures.
Psychiatric disorders and medications used in their treat-
ment can sometimes lead to reproductive abnormalities
resulting in estrogen deficiency in women and testoster-
one deficiency in men. This hypogonadal state is also a
major risk factor for bone loss, whether it occurs in asso-
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Table 1. Psychiatric Disorders and Bone Metabolism

Psychiatric Disorder Bone Density Bone Turnover

Predisposing Factors for Low Bone Density

Schizophrenia and May be | 2316160 Insufficient data
schizoaffective states

M ay be i/4—6,104—106 J/4

Major depression and Tio7

other depressive states

Normal 148149 Insufficient data

Bipolar disorder
\Ll46

Hypogonadism (associated with illness, induced by medication, or both)
Inadequate or excessive exercise
Undernutrition
Smoking
Polydipsia
Hypogonadism (associated with illness, induced by medication, or both)
Hypercortisolism
Loss of appetite and weight loss
Inadequate or excessive exercise
Hypogonadism (associated with illness, induced by medication, or both)
Lithium-induced hyperparathyroidism
Low 25 (OH) vitamin D levelsin association
with carbamazepine or valproate

Symbols: | = decreased, T = increased.

ciation with the underlying disorder or as a consequence
of medication-induced hyperprolactinemia.

In this review, we focus on the effects of psychiatric
disorders such as schizophrenia and major mood disorders
and their treatment on bone metabolism. Publications
were identified by searching PubMed for original articles
and reviews published between 1976 and 2004 that de-
scribed changes in bone metabolism in psychiatric disor-
ders and examined prolactin elevations with neuroleptic
medications. Keywords used were major depressive dis-
order, bipolar disorder, schizophrenia, bone density, bone
metabolism, hyperprolactinemia, typical antipsychotics,
and atypical antipsychotics. One hundred sixty articles
published in peer-reviewed journals were identified and
are summarized, with greater emphasis given to datafrom
larger, controlled studies.

SCHIZOPHRENIA AND
SCHIZOAFFECTIVE DISORDERS

Factorsthat predispose patients with schizophreniaand
schizoaffective disorders to impaired bone metabolism
and low BMD include hypogonadism in association with
the diseaseitself or due to hyperprolactinemiafrom use of
neuroleptic medications, inadequate exercise and expo-
sure to sunlight, undernutrition, smoking, and polydipsia
(Table 1). Hypogonadism has been described in patients
with schizophreniaindependent of prolactin elevations'*?
and is attributed to the dysregulation in dopamine trans-
mission that may underlie psychosis or to hypogonado-
tropic hypogonadism resulting from the stress of the
illness itself. Canuso et al.™ reported menstrual dysfunc-
tion in 50% of subjects treated with antipsychotics with
prolactin-sparing potential, none of whom had hyperpro-
lactinemia. Estrogen is protective to bone and prevents
bone resorption,* and hypogonadism is a well-known
cause of low bone density. The prevalence of hyperprolac-
tinemiain patients being treated with neuroleptics and the
effects of high levels of prolactin on bone metabolism are
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described in the section Neuroleptics, Hyperprolactine-
mia, and Bone Metabolism. Almost 85% of all schizo-
phrenics smoke daily,™ and a direct toxic effect of smok-
ing on osteoblasts has been described. In addition,
smoking interferes with the protective effects of estrogen
on bone mineralization.

Polydipsia has been reported in as many as 10% of all
patients suffering from schizophrenia and in a number of
small series and case reports has been shown to contribute
to bone loss.® The mechanism of bone loss is presumably
due to increased urinary calcium excretion, a potential
cause of low BMD seen in this group.

Baastrup et a.'® reported lower bone mineral content
at the radius in patients with schizophrenia independent
of the kind of medication used. As many as 25% of el-
derly chronic schizophrenia patients have been reported
to have had at least 1 nontraumatic osteoporaotic fracture.?
Meaney et a.'” demonstrated low bone density in 57% of
men and 32% of women with schizophrenia and showed
that chlorpromazine equivalence of neuroleptic medica-
tions predicts bone density measures in these patients.

Neuroleptics, Hyperprolactinemia,
and Bone Metabolism

Regulation of prolactin secretion. Prolactin is se-
creted by lactotroph cells in the anterior pituitary gland,
and its secretion is tonically inhibited by the hypothala-
mic secretion of dopamine, the predominant prolactin-
inhibiting factor. Dopamine acts on D, receptors on lacto-
trophs in the anterior pituitary to inhibit prolactin gene
transcription and release.’® Conversely, serotonin (5-HT)
is stimulatory to prolactin secretion and acts through the
5-HT,, and 5-HT, receptors.*%

Hyperprolactinemia and bone metabolism. Hyperpro-
lactinemia, primarily studied in patients with prolactin-
secreting pituitary tumors, has been well documented to
cause bone loss in adult men? and women*® and in
adolescents.® The extent of osteopenia or osteoporosis
correlates with the presence of hypogonadism and the
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Table 2. Effects of Hormones and Cytokines on Bone Turnover

Substance

Effect on Bone Formation

Effect on Bone Resorption

Hormones
Estrogens
Testosterone
Growth hormone
Insulin-like growth factor-1
Cortisol
Parathyroid hormone (PTH)
Cytokines
TNF-a, IL-1 and IL-6, PGE-2, RANKL ?
TGF-B, osteoprotegerin ?

/T

o1

T (with intermittent dosing)

l

1 (after aromatization to estrogen)
ol

el

5

T (with continuous dosing or endogenous PTH)

1
\

Abbreviations: IL = interleukin, PGE-2 = prostaglandin-2, RANKL = receptor activator of NF-xB ligand, TGF-3 = transforming growth factor-§3,
TNF-0. = tumor necrosis factor-o.. Symbols: | = decreased, T = increased, <> = no change, ? = unknown.

duration rather than the degree of hyperprolactinemia.
High prolactin levels have an inhibitory effect on the
hypothalamic pulsatile release of gonadotropin-releasing
hormone (GnRH) and inhibit the positive feedback effect
of estradiol levels on luteinizing hormone secretion. The
primary mechanism of bone loss is the resulting hypogo-
nadism, which occursin a subset of both women and men
with hyperprolactinemia.??** Bone density is normal in
women with hyperprolactinemia who continue to have
regular menses and thus are not hypogonadal %2

The effects of hyperprolactinemic amenorrhea and/or
estrogen deficiency on bone loss can vary depending
on the age at onset. For example, in adults, estrogenisim-
portant in maintaining established bone mass. However,
estrogen also plays an important role in attainment of
peak bone mass. Estrogen is necessary for the secretion
of cytokines such as osteoprotegerin and transforming
growth factor-f (TGF-3), which inhibit osteoclast differ-
entiation and activation and stimulate apoptosis of these
cells, and it also inhibits secretion of other cytokines such
asinterleukin-1 (IL-1), tumor necrosis factor-o, (TNF-or),
and prostaglandin-2 (PGE-2), which stimulate osteoclast
differentiation and activation and inhibit apoptosis*
(Table 2). In adolescents, rising levels of estrogen are ini-
tially associated with rising levels of growth hormone
(GH) and insulin-like growth factor 1 (IGF-1),** which
are anabolic to bone,* and higher levels of estrogen in
late adolescence result in decreased bone resorption.
These 2 processes, both of which are estrogen dependent,
are responsible for attainment of peak bone mass, 90%
of which is achieved by the end of the second decade
of life®

In young women, sustained estrogen production is nec-
essary for maintenance of bone mass. Therefore, depend-
ing on the stage of life in which hyperprolactinemia oc-
curs, associated hypogonadism may result in a failure to
attain peak bone mass (if hyperprolactinemia occurs in
the adolescent years) or an inability to maintain bone
mass (if hyperprolactinemia occurs in young adult life),
with increased risk for fractures in later life. Hypoes-
trogenism in postmenopausal women is associated with
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increased skeletal remodeling and bone loss, with an in-
creased risk of osteoporotic fractures.* However, the on-
set of hyperprolactinemia in a postmenopausal woman
who is already estrogen deficient would not be expected
to result in additional bone loss. Estrogen deficiency,
whether due to hyperprolactinemia or other causes of
hypogonadism, results in decreased inhibition of oste-
oclast differentiation and activation and increased apopto-
sis through interactions with proinflammatory cytokines.
New bone remodeling sites are also activated.® Recovery
from osteopenia follows normalization of levels of go-
nadal steroids (estrogen/progesterone in women and tes-
tosterone in men) after prolactin levels normalize,?>%
although complete recovery may not occur.”

Clinical features associated with hyperprolactinemia.
The extent of elevation of prolactin necessary before
symptoms such as gal actorrhea or hypogonadism occur is
highly variable. Prolactin levels above 60 to 100 ng/mL
are likely to be associated with galactorrhea and hypogo-
nadism, and clinical features suggestive of hypogonadism
include menstrual irregularities or amenorrhea in women
and decreased libido in both men and women (reviewed
in Wieck and Haddad® and Meaney and O’ Keane®). Men
may aso develop gynecomastia and impotence. Hyper-
androgenic features may be evident in women as a conse-
quence of decreased sex hormone binding globulin levels,
which result in higher levels of free testosterone. Prolac-
tin may also directly stimulate the secretion of dehydro-
epiandrosterone sulfate (DHEA-S), atestosterone precur-
sor from the adrenal glands. In the absence of clinica
features of hypogonadism, hyperprolactinemia is not a
risk factor for osteoporosis.”®

Conventional (typical) neuroleptics and hyperprolac-
tinemia. Prolactin levels are typically normal in untreated
patients with schizophrenia®* but are frequently elevated
in patients treated with conventional neuroleptics.”® Typi-
cal neuroleptics elevate prolactin level s by blocking dopa-
minergic inhibition of prolactin secretion, and the degree
of hyperprolactinemia depends on the percentage occu-
pancy of D, receptors.** The degree of prolactin elevation
with typical neuroleptics such as chlorpromazine, thiorid-
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azine, trifluoperazine, butaperazine, and haloperidol cor-
relates with their relative clinical potencies.*” Maximal
prolactin elevations occur 1 to 2 hours after administra-
tion of asingle subtherapeutic dose of atypical neurolep-
tic and return to baseline over a period of about 6 hours.
With repeated administration of a neuroleptic, prolactin
levels remain elevated, and Meltzer and Fang® demon-
strated in their study 3.2- and 3.8-fold risesin serum pro-
lactin levelsin al men and women, respectively, 72 hours
after treatment initiation. Dose-dependent increases in
prolactin secretion occur with conventional neuroleptic
doses up to approximately 600 mg of chlorpromazine
equivalents.2* The percentage occupancy of D, receptor
above 50% correlates with the extent of elevation of pro-
lactin above baseline.”*

Higher levels of prolactin have been observed in
women than in men receiving neuroleptics.*% The
extent of prolactin elevation appears to be dose related,
and associated hypogonadism is more likely to occur in
women compared with men on treatment with neurolep-
tics.* In arecent review, Kinon et al.* reported prolactin
levels 2.6 times higher in women compared with men
on treatment with neuroleptics. Duration of therapy is
an important factor in determining the persistence of
hyperprolactinemia in published studies. Some patients
treated with conventional neuroleptics develop tolerance
to the prolactin-elevating effects of the medication, result-
ing in serum prolactin normalization following chronic
therapy.”*® However, other authors™* have reported
significantly higher prolactin levels in patients treated
for years with conventional neuroleptics compared with
healthy controls. In a recent report, the prevalence of
hyperprolactinemia in women on treatment with conven-
tional neuroleptics was 48%.%°

The prevalence of menstrual irregularities has been re-
ported to be in the range of 26% to 91% with the use of
conventional antipsychotics,*> and Windgassen et al.>®
observed a 19% prevalencerate of galactorrheain women
treated with these medications. Sexual dysfunction has
also been reported, and in one study® of 55 adults with
schizophrenia, 58% of men and 33% of women on treat-
ment with classical antipsychotics were noted to have
sexual dysfunction, and an association was observed be-
tween sexual dysfunction and prolactin levels in the men
in the study.

Atypical neuroleptics and hyperprolactinemia. It has
been suggested that atypical antipsychotic drugs includ-
ing clozapine, olanzapine, quetiapine, ziprasidone, risper-
idone, amisul pride, zotepine, and aripiprazol€® have pref-
erential high affinities for 5-HT,, serotonin receptors and
relatively low affinities for D,-dopamine receptors. The
atypical antipsychotics differ as regards their effect on
prolactin secretion, which has been thought to reflect their
relative affinities for the D, and 5-HT, receptors, with
greater D, and lesser 5-HT, receptor antagonism often
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related to increasesin prolactin levels. For example, treat-
ment with risperidone, an atypical with ahigh in vitro po-
tency for D, inhibition,® has often been reported to result
in elevations in prolactin levels, not only in adults®>"2
but also in children and adolescents.®*** In alarge study of
adults treated with neuroleptic medications, Kinon et al .
reported hyperprolactinemia in 88% of female patients
treated with risperidone. Findling et a.** demonstrated
that in children and adolescents, prolactin levels increase
amost 4-fold after 1 to 2 months of receiving 0.02 to 0.06
mg/kg/day of risperidone but then decrease to almost nor-
mal levels by 3 to 5 months of therapy. The prevalence of
menstrual irregularities has been reported to be in the
range of 8% to 48% with risperidone,**®® and sexual dys-
function has been reported in as many as 43% of schizo-
phrenia patients on risperidone treatment.* Therefore, in
examining potential long-term effects of prolactin secre-
tion on bone, there are 2 important factors to consider.
First, if hyperprolactinemia occurs, is it temporary or
chronic? Second, does hyperprolactinemia cause distur-
bances in gonadal hormone secretion resulting in amenor-
rhea and low estrogen levelsin women and low testoster-
one levelsin men?

In patients with symptomatic drug-induced hyper-
prolactinemia, it is uncertain whether reducing prolactin
levels in patients using dopamine agonists such as
cabergoline can cause psychiatric destabilization as pro-
lactin levels are normalized. Dopamine agonist treatment
in patients with hyperprolactinemia due to pituitary tu-
mors has been rarely reported to cause behavioral changes
including psychosis. Some reports suggest that an eleva-
tion in prolactin levels with risperidone is associated with
an improvement in psychotic symptoms,®” while other
reports®®® suggest that the degree of prolactin elevation
does not correlate with treatment efficacy. Tollin® dem-
onstrated that dopamine agonist therapy normalizes pro-
lactin levels without causing a worsening of psychosisin
patients with risperidone-induced hyperprolactinemia.
Similar results have been reported in small retrospective
studies in children, with cabergoline effectively decreas-
ing prolactin levels without causing any side effects.”
Amisulpride/sulpiride are also known to increase prolac-
tin levels, and as much as a 10-fold increase in levels
above baseline has been reported.”

In contrast, other atypical neuroleptics such as olan-
zapine result in more modest prolactin elevations than
equivalent therapeutic doses of risperidone™ or hal operi-
dol.”" Replacing risperidone with olanzapine in women
with risperidone-induced hyperprolactinemia has been
noted to result in normalization of prolactin levels and an
improvement in reproductive and sexual function.™ Olan-
zapine and clozapine have also been observed to decrease
prolactin levelsin patients with treatment-induced hyper-
prolactinemia.®> Conversely, addition of risperidone® or
haloperidol™ treatment in patients receiving clozapine
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monotherapy was reported to result in an elevationin pro-
lactin levels, and the latter was associated with increased
D, receptor occupancy from 55% to 79%. Turrone et al.>®
demonstrated normal prolactin levelsin patients receiving
olanzapine or clozapine. In astudy of children and adoles-
cents receiving antipsychotic drugs, 100% of the group
receiving haloperidol, 70% of the group receiving olanza-
pine, and 0% of the group receiving clozapine had prolac-
tin levels that were above the upper limit of normal.”™

Quetiapine,*’""® aripiprazole,** and ziprasidone™ do
not appear to be associated with persistent hyperprolacti-
nemia. Quetiapine is associated with much lower prolac-
tin levels than risperidone and with a lower incidence
of sexual dysfunction.®*® Hyperprolactinemia induced by
other neuroleptics has also been shown to resolve when
patients are switched to quetiapine.®* Takahashi et al.®
reported recovery of menstrual function in 72% of women
with risperidone- or hal operidol-induced amenorrheawho
were switched to quetiapine. Aripiprazole is a dopamine
D, receptor partial agonist that has partial agonist activity
at serotonin 5-HT,, receptors and antagonist activity at
5-HT,, receptors. In one study examining the effects
of risperidone versus aripiprazole, 6 mg/day of risperi-
done was associated with a 5-fold increase in prolactin
levels, whereas 20 to 30 mg/day of aripiprazole led to a
decrease in prolactin levels.® Ziprasidone has a 5-HT,,/
D, receptor-binding ratio of approximately 8:1, among
the highest of itsclass. It isalso a potent 5-HT,,R agonist
and a5-HT,pR and 5-HT,cR antagonist, and it blocks the
reuptake of both 5-HT and norepinephrine. It has low-to-
modest affinity for histamine (H,) and o,-adrenoceptors
and a negligible affinity for muscarinic (M,) receptors.®®
This combination of effects may be responsible for the
low incidence of general adverse events with ziprasidone,
including a low incidence of persistent prolactin eleva-
tion, despite the fact that itsin vitro potency for the D, re-
ceptor is equivalent to that of haloperidol.* Switching to
ziprasidone has been reported to result in a decrease in
prolactin levels in patients previously on treatment with
risperidone or conventional neuroleptics and weight loss
in patients previously on treatment with olanzapine and
risperidone.®

Kapur et al.® demonstrated that dissociation between
central and peripheral effects of atypical antipsychoticsis
explained by the differential occupancy of D, receptors
in the striatum versus in the pituitary. Theratio of striatal/
pituitary effective dosey, (ED5,) values for D, occupancy
was high for amisulpride and risperidone and low for que-
tiapine and olanzapine, suggesting that dissociation be-
tween central and peripheral D, receptor occupancy is
amgor determinant of the degree of prolactin elevation
observed at therapeutic doses. Lower prolactin levels as-
sociated with atypical antipsychotics are quite likely a
consequence of transient or low levels of D, receptor oc-
cupancy.”” According to studies of D, receptor binding
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affinity and effects on prolactin levels, it appears that
the prolactin-raising potency is highest for sulpiride, fol-
lowed by risperidone, haloperidol, quetiapine, olanza-
pine, and clozapine.

When making a decision to use one neuroleptic medi-
cation versus another, it isimportant to consider the effect
of the different neuroleptic agents on prolactin secretion,
but this consideration needs to be balanced against the ef-
fects of these medications on body weight and glucose
and lipid metabolism. Several typical and atypical neuro-
leptics have been associated with weight gain. However,
atypical neuroleptics such as clozapine, olanzapine, ris-
peridone, and quetiapine appear to be more potent as re-
gards effects on weight; followed by phenothiazines such
as chlorpromazine, thioridazine, and mesoridazine; fol-
lowed by haloperidol, with small effects on weight, and
molindone, loxapine, and pimozide, which do not cause
any increase in weight.*® Among the newer neuroleptics,
long-term treatment with clozapine and olanzapine car-
ries the highest risk of weight gain, followed by risperi-
done and quetiapine, which have a moderate risk of
weight gain (risperidone more than quetiapine).®”% Con-
versely, ziprasidone and aripiprazole have a low risk for
inducing an increase in weight.!” Associated with weight
gain are adverse effects on glucose and lipid metabolism.
The relative risk of glucose intolerance and type 2 di-
abetes has been reported to be highest with clozapine and
olanzapine, low to moderate for quetiapine and risperi-
done, and lowest with ziprasidone.***" Olanzapine use is
associated with a 20% to 37% increased risk of diabetes
compared with risperidone.®** In addition, an increase in
cholesterol and triglyceride levels has been demonstrated
with use of clozapine and olanzapine.?* %

Neuroleptics and Bone Density

Data regarding the effects of neuroleptics on bone
mass are limited by small patient numbers, limited con-
trols, lack of prospective studies, and multiple confound-
ers. As previously noted, patients receiving neuroleptics
may have other factors impacting on bone, such as hypo-
gonadism unrelated to prolactin elevation, poor diet, and
cigarette smoking. However, obesity, a significant prob-
lem in this population, is protective against bone loss. In
addition, data regarding gonadal function are often un-
available. These limitations prevent conclusions regard-
ing effects of neuroleptics on bone. Ataya et al.* reported
that BMD in 10 women with neuroleptic-induced hyper-
prolactinemia was at about the 90th percentile when
compared with that in controls matched for age, gender,
ethnicity, and weight and correlated with the vagina
maturation score, a measure of estrogen exposure. Bilici
et al.'® examined bone density in 75 individuals with
schizophrenia on treatment with neuroleptics (typical and
atypical) and 20 healthy controls and found that bone
density was higher in controls. Inverse correlations were
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noted between duration of illness and bone density and
durations of neuroleptic therapy and bone density. Simi-
larly, Meaney et al.*” reported that chlorpromazine equiva-
lence was the most important predictor of low bone den-
sity in patients with schizophrenia on treatment with
neuroleptics. Recent reports suggest that the use of atypi-
cal neuroleptics (with the exception of risperidone) may
be less harmful to bone than the use of classical neuro-
leptics. %1%

In a small, recently published cross-sectional study,®
prolactin levelswere noted to be lower in 14 schizophrenia
patients treated with olanzapine versus 12 patients treated
with risperidone. Bone mineral density measured by dual-
energy x-ray absorptiometry (DXA), the gold standard of
assessing bone mass and future fracture risk, was not dif-
ferent in the 2 groups. Although the risperidone-treated
group had lower bone speed of sound (as assessed by ultra-
sound) compared with the olanzapine-treated group, the
clinical significance of thisfinding is not established. An-
other yearlong prospective study'® of women receiving
risperidone versus olanzapine found no differences in
BMD in 7 patients with schizophrenia with hyperprolac-
tinemia versus 7 women with schizophrenia but normal
levels of prolactin.

AFFECTIVE DISORDERS

The lifetime prevalence of major depressive disorder is
as high as 5% to 10% in the general population, and it is
the second most common chronic condition encountered
inclinical practice, second only to hypertension.’® The as-
sociation of depression with alterations in the neuroendo-
crine axes is well known and includes hypercortisolism,
hypogonadism, and alterations in the GH-IGF-1 axis.’®
Over the last decade or so, studies have reported low bone
density in both men and women suffering from this debili-
tating disorder and have attributed it to the neuroendocrine
alterations observed in this population (Table 1).

Bone Metabolism

Schweiger et al.® first examined lumbar BMD by quan-
titative computed tomography in 80 depressed men and
women more than 40 years old and 57 healthy control sub-
jects. This cross-sectional study reported lower BMD in
the depressed group and concluded that major depressive
disorder is a risk factor for osteoporosis. In a follow-up
study,® the authors demonstrated that men and women with
depression continued to lose bone mass when examined at
least 2 years after theinitial study, and the depressed group
had significantly lower BMD at follow-up after adjust-
ment for effects of initial BMD, age, and gender. In a sub-
sequent study, Michelson et al.* reported similar results
using DXA in 24 women (mean + SD age = 41 + 8 years)
with apast or present history of depression compared with
control women matched for age, BMI, menopausal status,
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and ethnicity. Bone mineral density in women with a his-
tory of depression was lower by 6.5% at the lumbar spine,
13.6% at the femoral neck, 13.6% at Ward's triangle, and
10.8% at the femoral trochanter. However, BMD at the
radius did not differ between the groups, leading the
authors to conclude that trabecular rather than cortical
BMD is affected in this disorder. Robbins et al.*™ also re-
ported a negative association between depression scores
as assessed by the Center for Epidemiological Studies-
Depression scale and hip BMD, most marked in white
women, even after adjusting for age, BMI, kilocalories of
activity, estrogen use, gender, ethnicity, smoking, and al-
cohoal intake. Every unit increase in the depression score
used in this study was associated with a 0.3-mg/cm? de-
crease in total hip BMD. Depressive symptoms accounted
for 13% of the variability of hip BMD in white women in
this study in an unadjusted model and for 2% of the vari-
ability of hip BMD after accounting for the covariates de-
scribed. Another recent study® demonstrated low BMD
at different sites in depressed premenopausal women. In a
survey of 102 perimenopausal white Portuguese women,
Coelho et al.**® showed higher levels of depressive symp-
toms in women with osteoporosis than in those with nor-
ma BMD and demonstrated that depression was an inde-
pendent predictor of low bone density even after adjusting
for potential confounders.

Michelson et al.* reported a decreased bone turnover
in women with a history of depression compared with
healthy women. In this study, the depressed group had
lower levels of both osteocalcin, a marker of bone forma-
tion, and deoxypyridinoline, a marker of bone resorption.
Conversely, Herran et a.’ found elevated levels of
osteocalcin and of N-telopeptide (marker of bone resorp-
tion) in 19 depressed women with a mean+ SD age of
44.7 + 12.1 years compared with 19 age-matched healthy
women, suggesting a state of increased bone turnover.
Yazici et al.*® similarly reported elevated levels of deoxy-
pyridinoline, yet another marker of bone resorption, but no
differences in levels of osteocalcin in 25 premenopausal
women versus 15 healthy control women.

These data suggest that depression is a risk factor for
low bone density but are limited in that some studies re-
ported subjects with depressive symptoms but without
major depressive disorder.

Mechanism of Low Bone Mineral Density
in Depression

Endocrine alterations. Hypercortisolemia has been de-
scribed in depression in many studies and reviews*%3107.108
and has been demonstrated to be the consequence of a
greater frequency of episodic hormone release.® Thein-
creases in cortisol levels are generally small although in
the range known to result in reductions in BMD."*'* Be-
cause depressive disorders are associated with multiple
exacerbations and remissions, even these small elevations
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of cortisol may contribute to low BMD, with recovery of
bone mass being less likely while recurrences continue
to occur. In addition, elevations in cortisol levels have
been associated with decreased bone turnover,"'?'3 as
has been noted in at least 1 study of depression and bone
metabolism.*

Higher levels of proinflammatory cytokines such as
interleukin-6 (1L-6) and TNF-o, which activate osteoclas-
tic bone resorption and inhibit osteoclast apoptosis, have
been described in depression in some studies,™* but not in
others.™>™¢ Herran et al.’” found no differences in IL-6
levels and correlation between bone markers and IL-6
levels in a study of 19 women with depression and 19
controls.

Hypogonadism may occur in some patients with de-
pression,'® especially in association with eating disor-
ders, and hypoestrogenism is associated with decreased
BMD. However, studies have reported low BMD in de-
pressed individuals even when there was no evidence of
hypogonadism.* Halbreich et al.,* however, did observe
an inverse correlation between plasma testosterone levels
and lumbar BMD in men with psychiatric disorders.

Alterations in the GH-IGF-1 axis have been described
in depressive disorders.® Both GH and IGF-1 are
bone anabolic and act synergistically to increase BMD.
Michelson et a.,* however, found no differencesin levels
of IGF-1 in depressed women versus heathy matched
controls, and BMD in the depressed group was signifi-
cantly decreased despite normal IGF-1 levels. Another
group’® found elevated IGF-1 levels and no changes in
GH levels in acutely depressed patients compared with
controls.

Loss of appetite and weight loss may occur in major
depressive disorder, and extreme undernutrition as seen
in people with anorexia nervosa®® can cause low BMD.
Major depressive disorder, however, has been demon-
strated to be an independent risk factor for low BMD,
even after controlling for BM1.4°

Physical activity. Depression may be associated with
both decreased or increased activity levels depending on
whether psychomotor retardation or agitated depressionis
present.* Both reduced and excessive activity may cause a
decrease in BMD. Markedly decreased physical activity
is associated with adecreasein lean body mass, an impor-
tant determinant of BMD,***"” and decreased biome-
chanical forces on bone. Excessive activity as seen in ath-
letes, gymnasts, and ballet dancers can aso result in low
BMD," possibly as a consequence of associated hypogo-
nadism and sometimes undernutrition. Self-reports of ex-
ercise patterns did not differ in depressed versus normal
women in one study.* However, validated exercise ques-
tionnaires were not used.

Antidepressant medications. Animal and human stud-
ies have demonstrated an inhibitory effect of antidepres-
sants such as imipramine on hypothalamic secretion of
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corticotropin-releasing hormone.*® In addition, alowering
of cortisol levels has been demonstrated following ad-
ministration of antidepressants, suggesting that antide-
pressant treatment, by lowering cortisol levels, should re-
sult in an improvement in BMD.*9*2° Unlike neuroleptics,
most antidepressants do not cause significant hyperpro-
lactinemia. Of the tricyclic antidepressants, minor (1.5-
to 2.5-fold) elevations in prolactin have been reported
with trimipramine,*® desipramine,*** and clomipramine,?
but not with imipramine.™**?* Tianeptine, like imipramine,
does not appear to increase prolactin secretion.'®* Eleva-
tions of prolactin levels have been noted with adminis-
tration of older monoamine oxidase (MAO) inhibitors
such as pargyline (2-fold elevation)'® and new reversible
MAOQ inhibitors such as moclobemide.’® In one study of 8
healthy men, administration of methysergide, a serotonin
receptor antagonist, prior to administration of moclobe-
mide led to total prevention of the moclobemide-induced
increase in prolactin levels.®® Mirtazapine, a tetracyclic
piperazinoazepine analog of mianserin and a noradren-
ergic and specific serotonergic antidepressant, has not
been reported to cause an increasein prolactin values.*?"1?
The effects of increasesin prolactin values from use of an-
tidepressants on bone metabolism remain to be investi-
gated. An improvement in BMD following use of antide-
pressant medications has not been demonstrated thus far.

Selective serotonin reuptake inhibitors and neuroen-
docrine hormonal changes affecting bone metabolism.
These drugs have been used very effectively in certain
psychiatric conditions such as depression and obsessive-
compulsive disorders and include fluoxetine, paroxetine,
fluvoxamine, sertraline, and citalopram. The neuroendo-
crine responses to both acute and chronic administration
of these agents have been studied. Evidence suggests the
involvement of 5-HT,, and 5-HT,, receptorsin adrenocor-
ticotropic hormone secretion®*3%; 5-HT,,, 5-HT,., and
5-HT, receptors in prolactin secretion™*'; and 5-HT,,
and possibly 5-HT,, receptors in GH secretion.”**% Von
Bardeleben et al. noted a dlight increase in cortisol after
asingle dose of fluoxetine, ™ and Seifritz et al.**"** noted
significant increases in cortisol levels after a single intra-
venous dose of citalopram in humans. Acute administra-
tion of a single intravenous dose of citalopram also sig-
nificantly increases prolactin secretion.”*** Spigset and
Mjorndal™® reported increases in prolactin levels after
4 weeks of fluvoxamine treatment. In contrast, long-term
administration of selective serotonin reuptake inhibitors
(SSRIs) has not resulted in consistent alterations in basal
levelsof cortisol, prolactin, and growth hormonein animal
or human studies (reviewed by Raap and Van de Kar®).
Although prolactin levels do not usually rise above the
normal range during treatment with SSRIs, isolated case
reports do exist of galactorrheaand elevationsin prolactin
in patients treated with fluoxetine,*** paroxetine,***'** and
sertraling.**%°
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BIPOLAR DISORDER

Several medications used to treat bipolar disorder have
been reported to have effects on bone. Lithium has a po-
tential negative impact on bone metabolism given the
known association of hyperparathyroidism with lithium
therapy.***** In addition, doses of L-thyroxine that sup-
press thyroid-stimul ating hormone (TSH) levels have been
previously used in the management of individuals with
rapid-cycling bipolar disorder,** and the adverse effects of
such doses of L-thyroxine on bone metabolism are well
known.®*%2 A high incidence of hypothyroidism (up to
50%) has been noted in this group, and after administra-
tion of L-thyroxine in doses that suppress TSH (T, levels
approximately 150% of normal), bone loss due to excess
thyroid hormone may occur.’®** Antipsychotic agents
have proven very helpful in the treatment of acute mania
and also as maintenance therapy.™® Atypical neuroleptics
are now often added to mood stabilizers and antidepres-
sants in treatment-resistant bipolar disorder and are also
used alone in this condition. The effects of neuroleptics on
prolactin levels and bone metabolism are described at
length in the section Neuroleptics, Hyperprolactinemia,
and Bone Metabolism.

Mood Stabilizers and Bone Metabolism

Lithium. Effects of lithium on calcium metabolism and
parathyroid hormone (PTH) secretion include elevations
in levels of PTH""**® and calcium,*® associated with de-
creased urinary excretion of calcium.'**" An increase in
the PTH set point has been recently described in lithium-
treated patients.™™ Based on the increased urinary calcium
reabsorption, Mak et al.**" suggested that lithium treatment
is associated with decreased rather than increased bone re-
sorption. Indeed, in a cross-sectional study, Nordenstrom
et al. found no differences in BMD at the lumbar spine,
femoral neck, or total body when lithium-treated patients
were compared with age-, gender-, and BMI-matched con-
trols. Similarly, another cross-sectional study noted no dif-
ferences in lumbar spine or hip BMD in patients treated
short-term (0.4-1 year) or long-term (more than 3 years)
with lithium.**® The groups were matched for gender,
weight, calcium and lithium intake, and smoking habits.
Conversely, in an older prospective study, Plenge and
Rafael sen'*° reported a decrease in bone mineral content as
measured by photon absorptiometry within 6 months of
lithium treatment, although urinary calcium and phosphate
excretion decreased. It is likely that the prospective nature
of the latter study versus the cross-sectional nature of the
other 2 studies and the different outcome measures used
(bone mineral content vs. bone mineral density) accounted
for the difference in results. More prospective studies of
lithium-treated patients with DXA (the standard for bone
density evaluation today) would be useful to better under-
stand the long-term effects of lithium on bone.
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Anticonvulsants. Anticonvulsants such as carbamaze-
pine and valproic acid have been used successfully as
mood stabilizers and have also been associated with os-
teopenia,****° with the extent of bone loss being related
to the duration of treatment. Low bone density is a con-
sequence of low levels of 25-hydroxy vitamin D.'%¢%°
Effects of valproate on bone are more marked than those
of carbamazepine, especially in children. %"

RECOMMENDATIONS FOR MANAGEMENT
AND CONCLUSIONS

Given the significant morbidity associated with osteo-
porosis, identification of secondary causes of osteopo-
rosis in at-risk populations is critical. Many psychiatric
disorders can be associated with low bone density, and
disorders such as schizophrenia, depression, and anorexia
nervosa are reported to have more significant effects on
bone metabolism than others. Thus, it is necessary that a
baseline bone density eval uation become an integral com-
ponent of the chronic management of patients with such
disorders. Studies that have been performed examining
bone metabolism in psychiatric conditions have primarily
been conducted in adults. Although some of these psychi-
atric disorders are also common in the adolescent years,
the effects of disorders such as schizophrenia and depres-
sion aswell astheir treatment on bone metabolism in ado-
lescence have not been described. Adolescence is a cru-
cial time of life for bone mass accrual, and 90% of peak
bone mass is achieved by the end of the second decade of
life. Thus, it is important to examine baseline bone den-
sity nnaeonly in adults but also in adolescents suffering
from chronic psychiatric disorders, particularly in condi-
tions such as schizophrenia, depression, and anorexia ner-
vosathat are associated with a significant risk of osteopo-
rosis. When the psychiatric condition persists, afollow-up
bone density evaluation should be performed in 1 to 2
years depending on the severity of the disorder, the medi-
cations being used, and the value of initial bone density to
determine whether bone loss has progressed over time.

The DXA procedure is associated with minimal radia-
tion risk and excellent reproducibility. The lumbar spine,
hip, and distal radius are the sites commonly assessed.
Follow-up bone density testing should ideally be per-
formed on the same DXA machine for optima compari-
son with the initial scan. In adults, a T-score of less than
—2.5 indicates osteoporosis, while a T-score between —1.0
and —2.5 indicates osteopenia. In contrast, in children, a
Z-score of less than —2.5 suggests osteoporosis, while a
Z-score between —1.0 and —2.5 suggests osteopenia. The
T-score compares the patient’s bone density with peak
bone density for gender and ethnicity, whereas the Z-
score compares the patient’s bone density with mean bone
density for gender, age, and ethnicity. Because peak bone
mass is achieved in early adult life (late second decade to
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early third decade), T-scores underestimate bone density
measures in children and should never be used in this age
group. Evidence of osteoporosis should prompt areferral
to an endocrinologist for further management. In addition,
it is important to optimize intake of calcium and vitamin
D in patients with psychiatric disorders who are at risk
for low bone density. Depending on dietary consumption
of calcium and vitamin D, in deficient patients, we recom-
mend elemental calcium at a dose of 1300 mg in adoles-
centsand 1500 mg in adults, and 400 to 800 IU of vitamin
D daily, to optimize calcium supply and absorption.

An important contributor to low bone density and im-
paired bone metabolism in psychiatric conditions is neu-
roendocrine dysregulation induced by the disorder per se,
e.g., hypercortisolemia or amenorrhea in depression. In
addition, several neuroleptic medications used to treat the
condition may contribute to the development of hyper-
prolactinemia. Other factors that contribute to low bone
density include low body weight as a consequence of im-
paired appetite, decreased levels of physical activity, ciga-
rette smoking, and polydipsia (in schizophrenics). Elic-
iting a history of smoking in patients with psychiatric
disordersisthus important, asis a close attention to body
weight, activity levels, and reproductive function in both
women and men.

Determination of prolactin levels is essential in those
patients treated with neuroleptic medications who have
signs and symptoms suggestive of hypogonadism, such as
menstrual dysfunction or galactorrheain women and im-
potence, gynecomastia, or decreased libido in men. Be-
cause hyperprolactinemia without hypogonadism is not
arisk factor for osteoporosis, measurement of prolactin
levelsis usually not necessary in the absence of clinical
features suggestive of hypogonadism. In the presence of
hyperprolactinemia, it is important to determine whether
the elevation in prolactin levels is temporary or chronic.
Repeating prolactin level assessment in 3 monthsis useful
inthisregard. If hyperprolactinemiais associated with es-
trogen deficiency in women or low testosterone levelsin
men, reversal of hypogonadism isimportant. In some pa-
tients, thisreversal can be best accomplished by estrogen/
progestin replacement in women or physiologic testos-
terone replacement, preferably by transdermal routes, in
men. Switching to another medication can be considered;
however, destabilization from a psychiatric standpoint
must be considered. The potential of certain medications
to increase the risk of bone loss must also be balanced
against therisk of obesity and diabetes seen in greater fre-
guency with prolactin-sparing psychotropic medications.
These considerations should be important components
in assessing the risk-versus-benefit ratio of such medi-
cations. Although the use of dopamine agonists to treat
neuroleptic-induced hyperprolactinemiais often effective
by stimulating D, dopamine receptor activity, it can theo-
retically precipitate worsening of psychiatric disease. Al-
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though some reports have been reassuring, this approach
cannot be recommended for al patients until larger trials
in different patient subgroups have been shown to be ef-
fective and sefe.

Prospective studies are necessary to determine the ef-
fects of several newer neuroleptics and antidepressant
medi cations on bone metabolism. In addition, future stud-
ies to determine therapeutic strategies for low bone den-
sity associated with psychiatric disorders are essential.

Drug names: aripiprazole (Abilify), cabergoline (Dostinex),
carbamazepine (Carbatrol, Tegretol, and others), chlorpromazine
(Thorazine, Sonazine, and others), citalopram (Celexa), clomipramine
(Anafranil and others), clozapine (Fazaclo, Clozaril, and others),
desipramine (Norpramin and others), fluoxetine (Prozac and others),
haloperidol (Haldol and others), imipramine (Tofranil and others),
lithium (Lithobid, Eskalith, and others), |oxapine (Loxitane and
others), mirtazapine (Remeron and others), molindone (Moban),
olanzapine (Zyprexa), paroxetine (Paxil and others), pimozide (Orap),
quetiapine (Seroquel), risperidone (Risperdal), sertraline (Zoloft),
trifluoperazine (Stelazine and others), trimipramine (Surmontil),
valproic acid (Depakene and others), ziprasidone (Geodon).

Disclosure of off-label usage: The authors have determined that, to the
best of their knowledge, no investigational information about pharma-
ceutical agents has been presented in this article that is outside U.S.
Food and Drug Administration—approved labeling.
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