
BackgroundBackground Highrates of osteo-Highrates of osteo-

porosis in schizophreniamayresult fromporosis in schizophreniamayresult from

the prolactin-raising effects of somethe prolactin-raising effects of some

antipsychoticmedication.antipsychoticmedication.

AimsAims To examine bonemineral densityTo examine bonemineral density

in relationto relevantendocrine variablesin relationto relevantendocrine variables

inpatientswith schizophrenia takinginpatientswith schizophrenia taking

prolactin-raisingantipsychotics.prolactin-raisingantipsychotics.

MethodMethod Fifty-five patientswho hadFifty-five patientswho had

beenreceivingprolactin-raisinganti-beenreceivingprolactin-raisinganti-

psychoticmedication forpsychoticmedication for4410 years10 years

underwentdual-energy X-rayunderwentdual-energy X-ray

absorptiometryoftheir lumbar andhipabsorptiometryoftheir lumbar andhip

bones.Among the endocrine variablesbones.Among the endocrine variables

assessedwere plasma prolactin and sexassessedwere plasma prolactin and sex

hormones.hormones.

ResultsResults Age-relatedreducedboneAge-relatedreducedbone

mineral densitymeasureswere found inmineral densitymeasureswere found in

17 (57%) ofthemale and 8 (32%) of17 (57%) ofthemale and 8 (32%) of

the female patients. Higherdoses ofthe female patients. Higherdoses of

medicationwere associatedwithmedicationwere associatedwith

increasedrates of bothhyperpro-increasedrates of bothhyperpro-

lactinaemia and bonemineral density loss.lactinaemia and bonemineral density loss.

Bone loss for thewhole groupwasBone loss for thewhole groupwas

correlatedwithmedication dose, and forcorrelatedwithmedication dose, and for

menwas inverselycorrelatedwithmenwasinverselycorrelatedwith

testosterone values.testosterone values.

ConclusionsConclusions These results suggestthatThese results suggestthat

patientswith schizophrenia on long-termpatientswith schizophrenia on long-term

prolactin-raisingantipsychoticmedicationprolactin-raisingantipsychoticmedication

are athighriskof developingreducedare at highriskof developing reduced

bonemineral density as a consequencebonemineral density as a consequence

of hyperprolactinaemia-inducedof hyperprolactinaemia-induced

hypogonadism.hypogonadism.
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A previous study from this group hasA previous study from this group has

demonstrated that most individuals ondemonstrated that most individuals on

typical antipsychotic medications havetypical antipsychotic medications have

pathologically elevated prolactin levelspathologically elevated prolactin levels

and, if female, are hypogonadal (Smithand, if female, are hypogonadal (Smith etet

alal, 2002). Hyperprolactinaemia is asso-, 2002). Hyperprolactinaemia is asso-

ciated with reduced bone mineral density,ciated with reduced bone mineral density,

which is probably mediated by thewhich is probably mediated by the

inhibition exerted by prolactin on theinhibition exerted by prolactin on the

hypothalamic–pituitary–gonadal axis andhypothalamic–pituitary–gonadal axis and

the resulting hypogonadism (Schlecterthe resulting hypogonadism (Schlecter et alet al,,

1983). It is known that osteoporosis is asso-1983). It is known that osteoporosis is asso-

ciated with schizophrenia (Halbreichciated with schizophrenia (Halbreich et alet al,,

1995; Bilici1995; Bilici et alet al, 2002) and several recent, 2002) and several recent

review papers have pointed to the potentialreview papers have pointed to the potential

importance of an association between anti-importance of an association between anti-

psychotic-induced hyperprolactinaemia andpsychotic-induced hyperprolactinaemia and

osteoporosis (Naidooosteoporosis (Naidoo et alet al, 2003; Wieck, 2003; Wieck

& Haddad, 2003). The aim of this study& Haddad, 2003). The aim of this study

was to examine the relationship betweenwas to examine the relationship between

bone mineral density, prolactin levelsbone mineral density, prolactin levels

and hypothalamic–pituitary–gonadal axisand hypothalamic–pituitary–gonadal axis

function using a cross-sectional design infunction using a cross-sectional design in

individuals with schizophrenia.individuals with schizophrenia.

METHODMETHOD

Study participantsStudy participants

Male and post-menopausal female patientsMale and post-menopausal female patients

with a diagnosis of schizophrenia on long-with a diagnosis of schizophrenia on long-

term prolactin-raising antipsychotic medi-term prolactin-raising antipsychotic medi-

cationcation ((4410 years) were eligible for10 years) were eligible for

inclusion in the study. Post-menopausalinclusion in the study. Post-menopausal

status was defined as absence of menstrua-status was defined as absence of menstrua-

tion for at least 2 years and beingtion for at least 2 years and being 445252

years of age. Participants were recruitedyears of age. Participants were recruited

from out-patient clinics attached tofrom out-patient clinics attached to

three psychiatric hospitals: St Ita’s and Stthree psychiatric hospitals: St Ita’s and St

John of God’s Hospital, Dublin and theJohn of God’s Hospital, Dublin and the

Maudsley Hospital,Maudsley Hospital, London. ExclusionLondon. Exclusion

criteria included any medications knowncriteria included any medications known

to be associated with the development orto be associated with the development or

treatment of osteoporosis or the presencetreatment of osteoporosis or the presence

of medical disorders known to be riskof medical disorders known to be risk

factors for osteoporosis. Patients with a his-factors for osteoporosis. Patients with a his-

tory of eating disorders were also excluded.tory of eating disorders were also excluded.

Ethical approval was sought from andEthical approval was sought from and

granted by each hospital involved in thegranted by each hospital involved in the

study and written informed consent to par-study and written informed consent to par-

ticipate in the study was obtained fromticipate in the study was obtained from

each participant.each participant.

Clinical assessmentClinical assessment

Clinical assessment included a semi-Clinical assessment included a semi-

structured clinical interview with resultantstructured clinical interview with resultant

DSM–IV diagnoses (American PsychiatricDSM–IV diagnoses (American Psychiatric

Association, 1994). Illness severity wasAssociation, 1994). Illness severity was

measured using the Brief Psychiatric Ratingmeasured using the Brief Psychiatric Rating

Scale (BPRS; Overall & Gorham, 1962)Scale (BPRS; Overall & Gorham, 1962)

and the Schedule for Assessment of Nega-and the Schedule for Assessment of Nega-

tive Symptoms (SANS; Andreason, 1983).tive Symptoms (SANS; Andreason, 1983).

A medical history was obtained detailingA medical history was obtained detailing

relevant information, such as a history ofrelevant information, such as a history of

fractures or polydipsia. Each participantfractures or polydipsia. Each participant

had a full physical examination, includinghad a full physical examination, including

body mass index evaluation.body mass index evaluation.

A detailed drug history was recorded.A detailed drug history was recorded.

In order to have a comparable value forIn order to have a comparable value for

each patient, medication was converted toeach patient, medication was converted to

chlorpromazine equivalents (Taylorchlorpromazine equivalents (Taylor et alet al,,

2001). The atypical antipsychotics olanza-2001). The atypical antipsychotics olanza-

pine and risperidone were convertedpine and risperidone were converted

according to the best pharmacologicalaccording to the best pharmacological

match for dopamine 2 receptor blockadematch for dopamine 2 receptor blockade

to typicals: clozapine and haloperidol,to typicals: clozapine and haloperidol,

respectively (Seeman, 1992). A modifiedrespectively (Seeman, 1992). A modified

version of an osteoporosis questionnaireversion of an osteoporosis questionnaire

was completed for each participant. Thiswas completed for each participant. This

questionnaire examines information rele-questionnaire examines information rele-

vant to bone mineral density, such asvant to bone mineral density, such as

family history, parity, dietary and weight-family history, parity, dietary and weight-

bearing exercise habits.bearing exercise habits.

Endocrine assessmentEndocrine assessment

A blood sample was drawn from eachA blood sample was drawn from each

patient to measure oestradiol, pro-patient to measure oestradiol, pro-

gesterone, testosterone, follicle-stimulatinggesterone, testosterone, follicle-stimulating

hormone, luteinising hormone and sex hor-hormone, luteinising hormone and sex hor-

mone binding globulin (a marker of gona-mone binding globulin (a marker of gona-

dal hormone concentrations). Plasmadal hormone concentrations). Plasma

prolactin, cortisol, thyroid-stimulating hor-prolactin, cortisol, thyroid-stimulating hor-

mone, thyroxine and triiodothyronine weremone, thyroxine and triiodothyronine were

also measured in each patient. Samplesalso measured in each patient. Samples

were collected at random times during thewere collected at random times during the

day (09.00–18.00 h), spun within 1 hourday (09.00–18.00 h), spun within 1 hour

and the frozen serum/plasma was batchand the frozen serum/plasma was batch

analysed. Blood sampling was not relatedanalysed. Blood sampling was not related

to the timing of meals.to the timing of meals.

Prolactin, oestradiol, luteinisingProlactin, oestradiol, luteinising

hormone,hormone, follicle-stimulating hormone,follicle-stimulating hormone,

thyroid-thyroid-stimulating hormone and thyroxinestimulating hormone and thyroxine

levels were measured usinglevels were measured using time-resolvedtime-resolved

fluoroimmunoassays methodsfluoroimmunoassays methods with com-with com-

mercial kits (AutoDELFIA, PerkinElmer,mercial kits (AutoDELFIA, PerkinElmer,

Inc.: human hormone references suppliedInc.: human hormone references supplied

by Wallac Oy, Turku, Finland). Progester-by Wallac Oy, Turku, Finland). Progester-

one, testosterone and sex-hormone-bindingone, testosterone and sex-hormone-binding
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globulin were measured using radioimmu-globulin were measured using radioimmu-

noassay kits (17x-Hydroxyprogesteronenoassay kits (17x-Hydroxyprogesterone
125125I RIA Kit, TestosteroneI RIA Kit, Testosterone 125125I RIA andI RIA and

Sex Binding GlobulinSex Binding Globulin 125125I Immunoradio-I Immunoradio-

metric Assay Kit supplied by ICN Pharma-metric Assay Kit supplied by ICN Pharma-

ceuticals).ceuticals).

Bone mineral density assessmentBone mineral density assessment

Osteoporosis is defined by the WorldOsteoporosis is defined by the World

Health Organization as a bone mineralHealth Organization as a bone mineral

density of more than 2.5 standard devia-density of more than 2.5 standard devia-

tions below the mean value for peak bonetions below the mean value for peak bone

mass in young adults when measured bymass in young adults when measured by

dual-energy X-ray absorptiometry (DEXA)dual-energy X-ray absorptiometry (DEXA)

(World Health Organization Study Group,(World Health Organization Study Group,

1994). The bone mineral density was deter-1994). The bone mineral density was deter-

mined in lumbar vertebrae L1–L4 and inmined in lumbar vertebrae L1–L4 and in

the femoral neck, trochanteric and intertro-the femoral neck, trochanteric and intertro-

chanteric regions of the left hip using achanteric regions of the left hip using a

DEXA scan, which is currently the mostDEXA scan, which is currently the most

precise and widely used method of assessingprecise and widely used method of assessing

bone mineral density. Bone density isbone mineral density. Bone density is

measured in relation to two sets of valuesmeasured in relation to two sets of values

generated by the DEXA scanner:generated by the DEXA scanner: tt scoresscores

compare the patients’ results with standard-compare the patients’ results with standard-

ised peak bone mass of females/males 20–ised peak bone mass of females/males 20–

30 years old; and30 years old; and ZZ scores compare thescores compare the

bone mineral density with the average forbone mineral density with the average for

her/his age group. Onlyher/his age group. Only ZZ scores arescores are

reported in this paper.reported in this paper.

Statistical analysisStatistical analysis

The SPSS for Windows (1999 version) wasThe SPSS for Windows (1999 version) was

used to analyse the data. Results wereused to analyse the data. Results were

analysed both for the whole group andanalysed both for the whole group and

separately for each gender. Independentseparately for each gender. Independent

tt-tests (two-tailed) were used to identify-tests (two-tailed) were used to identify

differences between groups, and cross-differences between groups, and cross-

tabulations were performed usingtabulations were performed using ww22

analyses when appropriate. Multipleanalyses when appropriate. Multiple

regression analyses were performed toregression analyses were performed to

examine associations between the multipleexamine associations between the multiple

variables hypothesised to be correlated withvariables hypothesised to be correlated with

bone mineral density. Results are expressedbone mineral density. Results are expressed

as means and standard deviations.as means and standard deviations.

RESULTSRESULTS

Demographic dataDemographic data

Demographic data are shown in Table 1.Demographic data are shown in Table 1.

Twenty-five post-menopausal women andTwenty-five post-menopausal women and

30 men were recruited into the study. The30 men were recruited into the study. The

subjects were either of Caucasian (subjects were either of Caucasian (nn¼46)46)

or African–Caribbean (or African–Caribbean (nn¼9) ethnicity.9) ethnicity.

There was a significant difference betweenThere was a significant difference between

male and female groups in terms of agemale and female groups in terms of age

((PP550.01), number of cigarettes smoked0.01), number of cigarettes smoked

per day (per day (PP550.05) and daily exercise taken0.05) and daily exercise taken

((PP550.001). Females had been exposed to0.001). Females had been exposed to

medication for significantly longer periodsmedication for significantly longer periods

than males (than males (PP¼0.04).0.04).

Clinical dataClinical data

No associations were found between boneNo associations were found between bone

mineral density values and clinical mea-mineral density values and clinical mea-

sures of psychiatric illness (BPRS or SANS),sures of psychiatric illness (BPRS or SANS),

or the presence of polydipsia. Among theor the presence of polydipsia. Among the

lifestyle variables, only cigarette smokinglifestyle variables, only cigarette smoking

was significantly correlated with reducedwas significantly correlated with reduced

ZZ scores in L4 for the combined groupscores in L4 for the combined group

((rr¼770.27,0.27, PP¼0.04).0.04).

Endocrine dataEndocrine data (seeTable 2)(seeTable 2)

Both gender groups had a mean prolactinBoth gender groups had a mean prolactin

level of approximately three times thelevel of approximately three times the

upper limit of normal, with no gender orupper limit of normal, with no gender or

ethnicity differences in mean values be-ethnicity differences in mean values be-

tween groups. Hyperprolactinaemia wastween groups. Hyperprolactinaemia was

present in 62% of the overall group (18present in 62% of the overall group (18

(60%) of males and 16 (64%) of females)(60%) of males and 16 (64%) of females)

and the mean dose of medication was high-and the mean dose of medication was high-

er in those who were hyperprolactinaemicer in those who were hyperprolactinaemic

(602 (s.d.(602 (s.d.¼477) mg/day) compared477) mg/day) compared withwith

those who were normoprolactinaethose who were normoprolactinaemicmic

(267 (s.d.(267 (s.d.¼336) mg/day:336) mg/day: tt¼2.8, d.f.2.8, d.f.¼53,53,

PP550.01).0.01).

MedicationMedication (seeTable 3)(seeTable 3)

Within the total group, 17 (31%) were re-Within the total group, 17 (31%) were re-

ceiving more than one antipsychotic agent.ceiving more than one antipsychotic agent.

All patients taking the prolactin-sparingAll patients taking the prolactin-sparing

antipsychotic olanzapine were also on aantipsychotic olanzapine were also on a

conventional depot antipsychotic drug.conventional depot antipsychotic drug.
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Table 2Table 2 Endocrine data of male and female participantsEndocrine data of male and female participants

Hormone (normal range)Hormone (normal range)11 Male group (Male group (nn¼30)30)

Mean (s.d.)Mean (s.d.)

Female group (Female group (nn¼25)25)

Mean (s.d.)Mean (s.d.)

Prolactin (50^300mIU/l)Prolactin (50^300mIU/l) 908 (1282)908 (1282)22 1053.5 (1130)1053.5 (1130)22

Thyroid-stimulating hormone (0.5^4.2mIU/l)Thyroid-stimulating hormone (0.5^4.2mIU/l) 1.9 (2.6)1.9 (2.6) 3.1 (5.4)3.1 (5.4)

Thyroxine (8^21pmol/l)Thyroxine (8^21pmol/l) 13.7 (2.5)13.7 (2.5) 12.9 (2.3)12.9 (2.3)

Testosterone (0.7^2.8 (f); 10^50 (m) nmol/l)Testosterone (0.7^2.8 (f); 10^50 (m) nmol/l) 15.7 (6.7)15.7 (6.7) 1.1 (0.48)1.1 (0.48)

Free testosterone index (0.8^12 (f); 20^350 (m) nmol/l)Free testosterone index (0.8^12 (f); 20^350 (m) nmol/l) 50.59 (21.45)50.59 (21.45) 2.6 (1.4)2.6 (1.4)

Oestradiol (Oestradiol (55100 (f);100 (f);55130 (m) pmol/l)130 (m) pmol/l) 74.4 (33.1)74.4 (33.1) 54.6 (29.5)54.6 (29.5)

Sex-hormone-binding globulin (20^120 (f);Sex-hormone-binding globulin (20^120 (f);

11^71 (m) nmol/l)11^71 (m) nmol/l)

36.3 (18.2)36.3 (18.2) 45.1 (17.01)45.1 (17.01)

Follicle-stimulating hormone (30^120 (f); 1^7 (m)Follicle-stimulating hormone (30^120 (f); 1^7 (m)

mIU/ml)mIU/ml)

5.0 (3.8)5.0 (3.8) 57.0 (27.8)57.0 (27.8)

Luteinising hormone (20^150 (f); 2^14 (m) mIU/ml)Luteinising hormone (20^150 (f); 2^14 (m) mIU/ml) 5.4 (3.6)5.4 (3.6) 27.0 (15.2)27.0 (15.2)

Progesterone (0.3^7.6nmol/l)Progesterone (0.3^7.6nmol/l) 2.0 (2.1)2.0 (2.1) 2.9 (6.1)2.9 (6.1)

Cortisol (110^700nmol/l)Cortisol (110^700nmol/l) 287.5 (180)287.5 (180) 264.7 (130)264.7 (130)

f, female; m, male.f, female; m, male.
1. Reference ranges for normative data in parentheses.1. Reference ranges for normative data in parentheses.
2. Mean values falling outside the normal range.2. Mean values falling outside the normal range.

Table1Table1 Demographic and clinical details of male and female participantsDemographic and clinical details of male and female participants

Male group (Male group (nn¼30)30)

Mean (s.d.)Mean (s.d.)

Female group (Female group (nn¼25)25)

Mean (s.d.)Mean (s.d.)

Age (years)Age (years) 43.5 (11.4)*43.5 (11.4)* 59 (5.5)59 (5.5)

Treatment duration (years)Treatment duration (years) 16 (7.7)*16 (7.7)* 21 (7.8)21 (7.8)

Treatment doseTreatment dose11 547 (528)547 (528) 444 (405)444 (405)

BPRS scoreBPRS score 12.2 (12.7)12.2 (12.7) 12.4 (17.4)12.4 (17.4)

SANS scoreSANS score 18.6 (23)18.6 (23) 14.8 (23)14.8 (23)

Cigarettes (per day)Cigarettes (per day) 19.6 (16.8)*19.6 (16.8)* 11 (14)11 (14)

Bodymass indexBodymass index 28.0 (4.4)28.0 (4.4) 30.3 (4.6)30.3 (4.6)

Alcohol (units/week)Alcohol (units/week) 9.6 (12)9.6 (12) 3.8 (14)3.8 (14)

Exercise (min/day)Exercise (min/day) 40.3 (34.4)***40.3 (34.4)*** 19.2 (15.7)19.2 (15.7)

BPRS, Brief Psychiatric Rating Scale; SANS, Schedule for Assessment of Negative Symptoms.BPRS, Brief Psychiatric Rating Scale; SANS, Schedule for Assessment of Negative Symptoms.
1. Dose in milligram chlorpromazine equivalents per day.1. Dose in milligram chlorpromazine equivalents per day.
**PP550.05; ***0.05; ***PP550.001.0.001.
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Participants were divided into two groups:Participants were divided into two groups:

those receiving more than the upper limitthose receiving more than the upper limit

of theof the British National FormularyBritish National Formulary rangerange

for ‘usual maintenance dose’ of chlorpro-for ‘usual maintenance dose’ of chlorpro-

mazine (300 mg/day) and those receivingmazine (300 mg/day) and those receiving

less than this. There were no significant dif-less than this. There were no significant dif-

ferences between these groups in terms offerences between these groups in terms of

age, gender, treatment duration, lifestyleage, gender, treatment duration, lifestyle

variables or scores on clinical rating scales.variables or scores on clinical rating scales.

Significantly more patients hadSignificantly more patients had

hyperprolactinaemia and bone loss in thehyperprolactinaemia and bone loss in the

high- compared with the low-dose group:high- compared with the low-dose group:

20 (81%)20 (81%) v.v. 11 (45%) for hyperprolac-11 (45%) for hyperprolac-

tinaemia (tinaemia (ww22¼7.505, d.f.7.505, d.f.¼1,1, PP550.01) and0.01) and

15 (62%)15 (62%) v.v. 7 (27%) for bone loss7 (27%) for bone loss

((ww22¼6.42, d.f.6.42, d.f.¼1,1, PP¼0.01), respectively.0.01), respectively.

Similarly, patients in the high- comparedSimilarly, patients in the high- compared

with the low-dose group had significantlywith the low-dose group had significantly

more severely reduced bone mineral densitymore severely reduced bone mineral density

scores (scores (552 s.d. below normative data):2 s.d. below normative data):

9 (35%) and 3 (11.5%), respectively9 (35%) and 3 (11.5%), respectively

((ww22¼4.73,4.73, PP¼0.03).0.03).

Bone mass density measuresBone mass density measures

Overall, 17 (57%) of the men and 8 (32%)Overall, 17 (57%) of the men and 8 (32%)

of the women had reduced bone mineralof the women had reduced bone mineral

density values on at least one bonedensity values on at least one bone

measure.measure.

Correlational measuresCorrelational measures

Hormone levels and bone mineral densityHormone levels and bone mineral density

The free testosterone index (testosterone/The free testosterone index (testosterone/

sex-hormone-binding globulin) was corre-sex-hormone-binding globulin) was corre-

lated with the bone mineral densitylated with the bone mineral density ZZ sum-sum-

mary lumbar score (see Fig. 1). Themary lumbar score (see Fig. 1). The

summary lumbar score is a DEXA-summary lumbar score is a DEXA-

generated calculation of bone mineralgenerated calculation of bone mineral

density scores from L1 to L4 for each indi-density scores from L1 to L4 for each indi-

vidual, and thus reflects the total bonevidual, and thus reflects the total bone

density in the lumbar spine. This correla-density in the lumbar spine. This correla-

tion was not found in the hip region. Theretion was not found in the hip region. There

was no statistical relationship betweenwas no statistical relationship between

prolactin, follicle-stimulating hormone,prolactin, follicle-stimulating hormone,

luteinising hormone, oestradiol, pro-luteinising hormone, oestradiol, pro-

gesterone or thyroid hormones and bonegesterone or thyroid hormones and bone

mineral density values.mineral density values.

Chlorpromazine equivalents and bonemineralChlorpromazine equivalents and bonemineral
densitydensity (seeTable 4 and Fig. 2)(seeTable 4 and Fig. 2)

There was a significant correlation betweenThere was a significant correlation between

chlorpromazine equivalence scores andchlorpromazine equivalence scores and

both lumbar-weighted scores (both lumbar-weighted scores (rr¼0.4,0.4,

PP¼0.002) and combined lumbar- and hip-0.002) and combined lumbar- and hip-

weighted scores (weighted scores (rr¼0.35,0.35, PP¼0.009).0.009).

Multivariate regression analysisMultivariate regression analysis

In a multivariate regression analysis forIn a multivariate regression analysis for

both genders combined examining clinical,both genders combined examining clinical,

endocrine and lifestyle variables, only theendocrine and lifestyle variables, only the

chlorpromazine equivalence scores werechlorpromazine equivalence scores were

statistically predictive of reduced bonestatistically predictive of reduced bone

mineral density scores at L1–L4mineral density scores at L1–L4

((PP550.0001). When genders were analysed0.0001). When genders were analysed

separately, no further factors were predic-separately, no further factors were predic-

tive of bone mineral density loss intive of bone mineral density loss in

females. In the male group the free testos-females. In the male group the free testos-

terone index was also predictive of lowterone index was also predictive of low

bone mineral density in L1–L4 (bone mineral density in L1–L4 (PP¼0.03);0.03);

and sex-hormone-binding globulin almostand sex-hormone-binding globulin almost

reached significance as a predictive valuereached significance as a predictive value

((PP¼0.06).0.06).

5 0 55 0 5

Table 3Table 3 Frequency of antipsychotic use in theFrequency of antipsychotic use in the

study populationstudy population

MalesMales

((nn¼30)30)

FemalesFemales

((nn¼25)25)

nn %% nn %%

FlupentixolFlupentixol 77 2323 99 3636

FluphenazineFluphenazine 77 2323 44 1616

ChlorpromazineChlorpromazine 00 00 11 44

OlanzapineOlanzapine 33 1010 33 1212

Zuclopenthixol decanoateZuclopenthixol decanoate 55 1616 11 44

Haloperidol decanoateHaloperidol decanoate 33 1010 33 1212

RisperidoneRisperidone 88 2727 44 1616

HaloperidolHaloperidol 33 1010 22 88

SulpirideSulpiride 11 00 44 00

ThioridazineThioridazine 11 33 33 1212

Fig. 1Fig. 1 Scatterplot of summary lumbar bonemineral densityScatterplot of summary lumbar bonemineral density ZZ scores and free testosterone index levels inscores and free testosterone index levels in

males.There is a significant correlation between free testerosterone indices in males and the summary lumbarmales.There is a significant correlation between free testerosterone indices in males and the summary lumbar

ZZ scores (scores (rr¼0.5,0.5, PP¼0.01). Free testosterone index: normal reference range 20^350nmol/l.0.01). Free testosterone index: normal reference range 20^350nmol/l.

Table 4Table 4 Correlations between age-matched boneCorrelations between age-matched bone

mineral density values and chlorpromazinemineral density values and chlorpromazine

equivalence scores in themale groupequivalence scores in themale group

ZZ femoral neckfemoral neck

Pearson’s correlationPearson’s correlation 770.309*0.309*

PP (two-tailed)(two-tailed) 0.0220.022

nn 5555

ZZ L1L1

Pearson’s correlationPearson’s correlation 770.319*0.319*

PP (two-tailed)(two-tailed) 0.0180.018

nn 5555

ZZ L2L2

Pearson’s correlationPearson’s correlation 770.407**0.407**

PP (two-tailed)(two-tailed) 0.0020.002

nn 5555

ZZ L3L3

Pearson’s correlationPearson’s correlation 770.352**0.352**

PP (two-tailed)(two-tailed) 0.0080.008

nn 5555

ZZ L4L4

Pearson’s correlationPearson’s correlation 770.391**0.391**

PP (two-tailed)(two-tailed) 0.0030.003

nn 5555

**PP550.05; **0.05; **PP550.01.0.01.
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DISCUSSIONDISCUSSION

Main findingsMain findings

This study was designed to evaluate theThis study was designed to evaluate the

long-term effects of prolactin-raising anti-long-term effects of prolactin-raising anti-

psychotic medication on bone metabolismpsychotic medication on bone metabolism

in patients with a diagnosis of schizo-in patients with a diagnosis of schizo-

phrenia. Both male and female groups hadphrenia. Both male and female groups had

high rates of hyperprolactinaemia (62%)high rates of hyperprolactinaemia (62%)

and had a range of osteopenic and osteo-and had a range of osteopenic and osteo-

porotic measures that fell outside theporotic measures that fell outside the

normal age-related values. Age-consistentnormal age-related values. Age-consistent

osteopenia or osteoporosis was found inosteopenia or osteoporosis was found in

57% and 32% of the male and female57% and 32% of the male and female

groups, respectively. High levels of medi-groups, respectively. High levels of medi-

cation were associated with high prolactincation were associated with high prolactin

levels and reduced bone mineral densitylevels and reduced bone mineral density

scores. In a multivariate analysis for bothscores. In a multivariate analysis for both

genders combined, only treatment dose re-genders combined, only treatment dose re-

mained associated with bone loss but lowmained associated with bone loss but low

free testosterone index values were addi-free testosterone index values were addi-

tionally correlated with bone loss in thetionally correlated with bone loss in the

male group.male group.

The findings of associations betweenThe findings of associations between

chlorpromazine equivalents scores andchlorpromazine equivalents scores and

both prolactin levels and low bone mineralboth prolactin levels and low bone mineral

density values is novel. Antipsychotic medi-density values is novel. Antipsychotic medi-

cation blocks the type 2 dopamine (Dcation blocks the type 2 dopamine (D22))

receptors on the lactotrophs of the anteriorreceptors on the lactotrophs of the anterior

pituitary, thus releasing these cells frompituitary, thus releasing these cells from

dopamine inhibition and consequently sup-dopamine inhibition and consequently sup-

pression of prolactin secretion (Dicksonpression of prolactin secretion (Dickson

et alet al, 2000). One positron emission, 2000). One positron emission

tomography study has demonstrated thattomography study has demonstrated that

hyperprolactinaemia is likely to occur whenhyperprolactinaemia is likely to occur when

central Dcentral D22 receptor occupancy exceedsreceptor occupancy exceeds

72% (Kapur72% (Kapur et alet al, 2000). This physiologi-, 2000). This physiologi-

cal process may underlie the strong statisti-cal process may underlie the strong statisti-

cal relationship between chlorpromazinecal relationship between chlorpromazine

equivalence scores and prolactin levels.equivalence scores and prolactin levels.

Any potent DAny potent D22-blocking antipsychotic,-blocking antipsychotic,

whether ‘typical’ or ‘atypical’, is likely towhether ‘typical’ or ‘atypical’, is likely to

cause prolactin secretion and thus all pa-cause prolactin secretion and thus all pa-

tients in this study taking the antipsychotictients in this study taking the antipsychotic

risperidone had hyperprolactinaemia, inrisperidone had hyperprolactinaemia, in

keeping with the established prolactin-keeping with the established prolactin-

raising profile of this drug (Kinonraising profile of this drug (Kinon et alet al,,

2003).2003).

Bone strength is largely determined byBone strength is largely determined by

calcium content and rate of bone loss,calcium content and rate of bone loss,

which in turn is determined by geneticwhich in turn is determined by genetic

factors, weight, ethnicity, diet, exercise,factors, weight, ethnicity, diet, exercise,

hormone status and gender (Hobson &hormone status and gender (Hobson &

Ealston, 2001). Although the physiologicalEalston, 2001). Although the physiological

processes mediating bone loss are compli-processes mediating bone loss are compli-

cated, the most common cause of bone losscated, the most common cause of bone loss

is sex hormone deficiency (Schlecteris sex hormone deficiency (Schlecter et alet al,,

1983; Davies1983; Davies et alet al, 1995). The bone loss, 1995). The bone loss

associated with hyperprolactinaemic states,associated with hyperprolactinaemic states,

whether prolactin is elevated pathologicallywhether prolactin is elevated pathologically

or physiologically, is probably mediated byor physiologically, is probably mediated by

secondary hypogonadism, although othersecondary hypogonadism, although other

mechanisms have been proposed (see Wieckmechanisms have been proposed (see Wieck

& Haddad, 2003). Prolactin interferes with& Haddad, 2003). Prolactin interferes with

the pulsatile secretion of gonadotrophin-the pulsatile secretion of gonadotrophin-

releasing hormone from the hypothalamusreleasing hormone from the hypothalamus

and may also have a peripheral effectand may also have a peripheral effect

at the level of the gonads, inhibitingat the level of the gonads, inhibiting

some luteinising hormone- and follicle-some luteinising hormone- and follicle-

stimulating hormone-mediated effects.stimulating hormone-mediated effects.

The association of low free testosteroneThe association of low free testosterone

index with osteoporosis in this studyindex with osteoporosis in this study

supports hyperprolactinaemic-induced hypo-supports hyperprolactinaemic-induced hypo-

gonadism as being the relevant pathologicalgonadism as being the relevant pathological

process in the male patients because theprocess in the male patients because the

association was present in males only inassociation was present in males only in

the gender-specific multivariate regressionthe gender-specific multivariate regression

analysis. Free testosterone index values re-analysis. Free testosterone index values re-

present the biologically active, or unbound,present the biologically active, or unbound,

part of the circulating testosterone. Bonepart of the circulating testosterone. Bone

loss was associated with the free testoster-loss was associated with the free testoster-

one index in the lumbar spine region only,one index in the lumbar spine region only,

and not the hip joint. The absence of boneand not the hip joint. The absence of bone

loss in the hip joint in this relatively youngloss in the hip joint in this relatively young

male sample is in keeping with the fact thatmale sample is in keeping with the fact that

bone loss typically first occurs in the spinebone loss typically first occurs in the spine

region (in 92% of individuals).region (in 92% of individuals).

The female group was post-menopausalThe female group was post-menopausal

and thus uniformly hypogonadal, pre-and thus uniformly hypogonadal, pre-

venting anventing an a prioria priori hypothesis of an associa-hypothesis of an associa-

tion between gonadal status and bonetion between gonadal status and bone

measures to be tested. A previous study bymeasures to be tested. A previous study by

our group found that 75% (our group found that 75% (nn¼15) of a15) of a

group of premenopausal females with agroup of premenopausal females with a

diagnosis of schizophrenia on prolactin-diagnosis of schizophrenia on prolactin-

raising antipsychotics were hyperpro-raising antipsychotics were hyperpro-

lactinaemic and high prolactin levels werelactinaemic and high prolactin levels were

negatively correlated with both oestradiolnegatively correlated with both oestradiol

and progesterone levels (Smithand progesterone levels (Smith et alet al,,

2002). A recently published study has also2002). A recently published study has also

reported associations between high pro-reported associations between high pro-

lactin levels and low key reproductivelactin levels and low key reproductive

hormone levels in males and femaleshormone levels in males and females

on antipsychotic medication (Kinonon antipsychotic medication (Kinon et alet al,,

2003).2003).

Osteoporosis and schizophreniaOsteoporosis and schizophrenia

Decreased bone mineral density in psychi-Decreased bone mineral density in psychi-

atric patients has been recognised for someatric patients has been recognised for some

time but only recently investigated. Casestime but only recently investigated. Cases

of osteoporosis have been reported inof osteoporosis have been reported in

women and men with anorexia nervosa,women and men with anorexia nervosa,

chronic alcoholism, depression and schizo-chronic alcoholism, depression and schizo-

phrenia (Delvaphrenia (Delva et alet al, 1989; Abraham, 1989; Abraham et alet al,,

1995; Halbreich1995; Halbreich et alet al, 1995). Halbreich, 1995). Halbreich etet

alal (1995) reported that patients, particu-(1995) reported that patients, particu-

larly males with major depressive disorder,larly males with major depressive disorder,

schizophrenia, schizoaffective disorders,schizophrenia, schizoaffective disorders,

mania and adjustment disorders, had signif-mania and adjustment disorders, had signif-

icantly decreased bone mineral density.icantly decreased bone mineral density.

Original reports of osteoporosis in peopleOriginal reports of osteoporosis in people

with schizophrenia suggested an associa-with schizophrenia suggested an associa-

tion with polydipsia (Delvation with polydipsia (Delva et alet al, 1989), 1989)

but we found no correlation betweenbut we found no correlation between

polydipsia and reduced bone mineralpolydipsia and reduced bone mineral

density. Bilicidensity. Bilici et alet al (2002) reported in-(2002) reported in-

creased rates of reduced lumbar spinecreased rates of reduced lumbar spine

5 0 65 0 6

Fig. 2Fig. 2 Scatterplot of summary lumbar bonemineral densityScatterplot of summary lumbar bonemineral density ZZ scores and the dose of antipsychotic inscores and the dose of antipsychotic in

chlorpromazine equivalents.There is a significant correlation between summary lumbarchlorpromazine equivalents.There is a significant correlation between summary lumbar ZZ scores and thescores and the

dose of antipsychotic prescribed (dose of antipsychotic prescribed (rr¼0.5,0.5, PP¼0.01).0.01).
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bone mineral density scores in a groupbone mineral density scores in a group

of patients with schizophrenia takingof patients with schizophrenia taking

‘classical’ antipsychotic medication com-‘classical’ antipsychotic medication com-

pared with a grouppared with a group on atypical antipsy-on atypical antipsy-

chotics and a healthy control group. Thatchotics and a healthy control group. That

study did not examine relative prolactinstudy did not examine relative prolactin

levels in the groups but all the patients inlevels in the groups but all the patients in

the ‘classical’ antipsychotic group were onthe ‘classical’ antipsychotic group were on

prolactin-raising agents, whereas 38% inprolactin-raising agents, whereas 38% in

the atypical group (the atypical group (nn¼15) were on15) were on

prolactin-sparing agents. Previous studiesprolactin-sparing agents. Previous studies

have not specifically addressed a possiblehave not specifically addressed a possible

association between osteoporosis and anti-association between osteoporosis and anti-

psychotic-induced hyperprolactinaemia,psychotic-induced hyperprolactinaemia,

but more recent rebut more recent reviews have focused onviews have focused on

the possibility of such athe possibility of such a relationshiprelationship

(Naidoo(Naidoo et alet al, 2003; Wieck & Haddad,, 2003; Wieck & Haddad,

2003).2003).

Other established risk factors, such asOther established risk factors, such as

high alcohol intake and cigarette smoking,high alcohol intake and cigarette smoking,

could possibly account for the high ratescould possibly account for the high rates

of osteopenia/osteoporosis found in thisof osteopenia/osteoporosis found in this

sample with schizophrenia. We did find asample with schizophrenia. We did find a

correlation between bone mineral densitycorrelation between bone mineral density

scores in the lumbar spine and smoking,scores in the lumbar spine and smoking,

but this significance was lost in the multi-but this significance was lost in the multi-

variate analysis, suggesting that the medi-variate analysis, suggesting that the medi-

cation-related risk factors were morecation-related risk factors were more

significant. There was no association be-significant. There was no association be-

tween alcohol intake and any of the bonetween alcohol intake and any of the bone

measures. Immobility is an unlikely causemeasures. Immobility is an unlikely cause

of reduced bone mineral density even inof reduced bone mineral density even in

individuals with negative symptoms ofindividuals with negative symptoms of

schizophrenia because activity levels in-schizophrenia because activity levels in-

volved in routine daily living are sufficientvolved in routine daily living are sufficient

to retard bone mineral density loss into retard bone mineral density loss in

weight-bearing bones. It is unknown toweight-bearing bones. It is unknown to

what degree decreased exposure to sun-what degree decreased exposure to sun-

shine and dietary deficiency contribute toshine and dietary deficiency contribute to

reduced bone mineral density in patientsreduced bone mineral density in patients

with chronic mental illnesses, but all parti-with chronic mental illnesses, but all parti-

cipants in our study indicated on the osteo-cipants in our study indicated on the osteo-

porosis questionnaire that they hadporosis questionnaire that they had

adequate intake of calcium in their diet.adequate intake of calcium in their diet.

Low body mass index is another establishedLow body mass index is another established

risk factor for bone mineral loss, but allrisk factor for bone mineral loss, but all

participants in this study were overweightparticipants in this study were overweight

with a mean body mass index borderingwith a mean body mass index bordering

on obese.on obese.

It is conceivable that bone loss found inIt is conceivable that bone loss found in

these people may be related to a metabolicthese people may be related to a metabolic

disorder that is part of the syndrome ofdisorder that is part of the syndrome of

schizophrenia rather than the endocrineschizophrenia rather than the endocrine

consequences of antipsychotic medication.consequences of antipsychotic medication.

This is unlikely, given the findings of signif-This is unlikely, given the findings of signif-

icant associations between bone lossicant associations between bone loss

measures and medication and endocrinemeasures and medication and endocrine

variables, and the absence of associationsvariables, and the absence of associations

between clinical symptom scores and bonebetween clinical symptom scores and bone

mineral density measures.mineral density measures.

Osteoporosis: morbidityOsteoporosis: morbidity
andmortalityand mortality

According to the World Health Organiza-According to the World Health Organiza-

tion, osteoporosis affects 30% of womention, osteoporosis affects 30% of women

over the age of 50 years, with the risk ofover the age of 50 years, with the risk of

hip fracture increasing 2.6-fold for eachhip fracture increasing 2.6-fold for each

standard deviation decrease in hip bonestandard deviation decrease in hip bone

mineral density. Hip fracture complicationsmineral density. Hip fracture complications

include a mortality of 20% in one year,include a mortality of 20% in one year,

with only 25% of patients recovering fullwith only 25% of patients recovering full

function and 25% requiring long-term in-function and 25% requiring long-term in-

stitutional care (Hobson & Ealston, 2001).stitutional care (Hobson & Ealston, 2001).

The absence of evidence associatingThe absence of evidence associating

prolactin-raising antipsychotic drug useprolactin-raising antipsychotic drug use

with bone loss may explain why drugs suchwith bone loss may explain why drugs such

as glucocorticoids, lithium, anticon-as glucocorticoids, lithium, anticon-

vulsants, thyroxine and gonadotrophin-vulsants, thyroxine and gonadotrophin-

releasing hormone antagonists arereleasing hormone antagonists are listed bylisted by

the World Health Organization and thethe World Health Organization and the

Royal College of Physicians as being asso-Royal College of Physicians as being asso-

ciated with the development of osteoporo-ciated with the development of osteoporo-

sis but antipsychotic drugs are not (Worldsis but antipsychotic drugs are not (World

Health Organization Study Group, 1994).Health Organization Study Group, 1994).

Limitations of this studyLimitations of this study

The study is limited by the absence of aThe study is limited by the absence of a

control group of patients with schizo-control group of patients with schizo-

phrenia who were receiving prolactin-phrenia who were receiving prolactin-

sparing antipsychotics. We were unable tosparing antipsychotics. We were unable to

recruit the latter group because prolactin-recruit the latter group because prolactin-

sparing antipsychotics have not been widelysparing antipsychotics have not been widely

in use for the time duration required for thisin use for the time duration required for this

study.study.

A potential limitation of the study wasA potential limitation of the study was

the collection of blood samples at randomthe collection of blood samples at random

times during working hours, given thattimes during working hours, given that

5 0 75 0 7

CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Patients with schizophrenia on long-term typical antipsychotic medication havePatients with schizophrenia on long-term typical antipsychotic medication have
high rates of hyperprolactinaemia and BMD loss.high rates of hyperprolactinaemia and BMD loss.

&& Higher doses and dopamine 2 blocking potency of antipsychotic medicationHigher doses and dopamine 2 blocking potency of antipsychotic medication
predict both hyperprolactinaemia and BMD loss.predict both hyperprolactinaemia and BMD loss.

&& Patients on long-termprolactin-raising antipsychotics are athighriskof developingPatients on long-termprolactin-raising antipsychotics are athighriskof developing
osteoporosis, suggesting that these drugs are an unidentified risk factor for thisosteoporosis, suggesting that these drugs are an unidentified risk factor for this
disease.disease.

LIMITATIONSLIMITATIONS

&& The study did not have a comparison group: either individuals with schizophreniaThe study did not have a comparison group: either individuals with schizophrenia
who had been exposed to prolactin-sparing antipsychotic medication, or a healthywho had been exposed to prolactin-sparing antipsychotic medication, or a healthy
groupwithout psychiatric illness.groupwithout psychiatric illness.

&& The high rates of bone loss in this group could have been contributed to by otherThe high rates of bone loss in this group could have been contributed to by other
risk factors prevalent in this population, such as smoking, poor diet and inactivity, orrisk factors prevalent in this population, such as smoking, poor diet and inactivity, or
couldbe related to ametabolic disorder that is part of the syndrome of schizophreniacouldberelated to ametabolic disorder that is part of the syndrome of schizophrenia
rather than the endocrine consequences of antipsychotic medication.rather than the endocrine consequences of antipsychotic medication.

&& The female groupwere post-menopausal, preventing any associations betweenThe female groupwere post-menopausal, preventing any associations between
gonadal status and other variables frombeing assessed.gonadal status and other variables from being assessed.
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the secretion of prolactin is subject to athe secretion of prolactin is subject to a

diurnal rhythm. This is not important,diurnal rhythm. This is not important,

however, in the context of either low- orhowever, in the context of either low- or

high-grade hyperprolactinaemia becausehigh-grade hyperprolactinaemia because

the diurnal rhythm is largely obliterated inthe diurnal rhythm is largely obliterated in

both states (Veldmanboth states (Veldman et alet al, 2001). In states, 2001). In states

of normal prolactin secretion, the nocturnalof normal prolactin secretion, the nocturnal

surge accounts for the diurnal variation andsurge accounts for the diurnal variation and

levels between 09.00 h and 24.00 h arelevels between 09.00 h and 24.00 h are

generally stable.generally stable.
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