
BackgroundBackground Weightgain is a commonWeightgain is a common

consequence of antipsychotic drugconsequence of antipsychotic drug

treatment and can lead to furthertreatment and can lead to further

morbidity.morbidity.

AimsAims To assess the effects ofTo assess the effects of

antipsychotic drug therapyon abdominalantipsychotic drug therapyon abdominal

fatdeposition, on insulin and leptinfatdeposition, on insulin and leptin

secretion, and on circulating glucose andsecretion, and on circulating glucose and

lipids.lipids.

MethodMethod Abdominalbody fat wasAbdominalbody fat was

determinedbymagnetic resonancedeterminedbymagnetic resonance

imaging in a group of previously untreatedimaging in a group of previously untreated

patientswith schizophrenia, before andpatientswith schizophrenia, before and

after10 weeks’antipsychotic drugafter10 weeks’antipsychotic drug

treatment.Bodymass andbloodtreatment.Bodymass and blood

concentrations of glucose, insulin, leptinconcentrations ofglucose, insulin, leptin

and lipidswere alsomeasured.and lipidswere alsomeasured.

ResultsResults Significant increases in bothSignificant increases in both

subcutaneous and intra-abdominal fatsubcutaneous and intra-abdominal fat

were identified after antipsychotic drugwere identified after antipsychotic drug

treatment.Athree-fold increase in leptintreatment.Athree-fold increase in leptin

secretion aswell as significant increases insecretion aswell as significant increases in

levels of circulating lipids andnon-fastinglevels of circulatinglipids andnon-fasting

glucosewere also identified.glucosewere also identified.

ConclusionsConclusions Patients first receivingPatients first receiving

antipsychoticdrugs experience substantialantipsychoticdrugs experience substantial

deposition of both subcutaneous anddeposition of both subcutaneous and

intra-abdominal fat, reflectinga loss oftheintra-abdominal fat, reflectinga loss ofthe

normalinhibitorycontrolof leptinonbodynormalinhibitorycontrolof leptinonbody

mass.Alongwith fatdeposition, themass.Alongwith fatdeposition, the

increase in levels of fasting lipids and inincrease in levels of fasting lipids and in

non-fasting glucosemayprovide earlynon-fasting glucosemayprovide early

signs of drug-inducedprogressiontowardssigns ofdrug-inducedprogressiontowards

themetabolic syndrome.themetabolic syndrome.
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Weight gain is a major side-effect of anti-Weight gain is a major side-effect of anti-

psychotic drug treatment, contributing topsychotic drug treatment, contributing to

morbidity and poor adherence to treat-morbidity and poor adherence to treat-

ment. Several of the newer atypical anti-ment. Several of the newer atypical anti-

psychotic agents have profound effects onpsychotic agents have profound effects on

weight, the greatest increases occurringweight, the greatest increases occurring

with clozapine and olanzapine (Allisonwith clozapine and olanzapine (Allison

et alet al, 1999). Obesity has its inevitable con-, 1999). Obesity has its inevitable con-

sequences, which are increasingly observedsequences, which are increasingly observed

in patients receiving antipsychotic drugs;in patients receiving antipsychotic drugs;

such consequences may include the ‘meta-such consequences may include the ‘meta-

bolic syndrome’ of hypertension, cardio-bolic syndrome’ of hypertension, cardio-

vascular disease, dyslipidaemia andvascular disease, dyslipidaemia and

impaired glucose tolerance, which may leadimpaired glucose tolerance, which may lead

to type 2 diabetes (Henderson, 2002;to type 2 diabetes (Henderson, 2002;

KoponenKoponen et alet al, 2002). This study aims to, 2002). This study aims to

explore the effect of initial antipsychoticexplore the effect of initial antipsychotic

drug treatment on abdominal fat deposi-drug treatment on abdominal fat deposi-

tion, and how this increase in body fattion, and how this increase in body fat

relates to circulating leptin, insulin andrelates to circulating leptin, insulin and

lipid levels in drug-naıve patients withlipid levels in drug-naı̈ve patients with

first-episode schizophrenia.first-episode schizophrenia.

METHODMETHOD

Study sampleStudy sample

Participants in the study were in-patients ofParticipants in the study were in-patients of

Chinese Han ethnicity referred to theChinese Han ethnicity referred to the

Department of Psychiatry, Nanjing BrainDepartment of Psychiatry, Nanjing Brain

Hospital and Nanjing Medical University,Hospital and Nanjing Medical University,

China. All patients met the criteria for aChina. All patients met the criteria for a

diagnosis of schizophrenia according todiagnosis of schizophrenia according to

DSM–IV (American Psychiatric Associa-DSM–IV (American Psychiatric Associa-

tion, 1994). These people were experien-tion, 1994). These people were experien-

cing their first psychotic episode and hadcing their first psychotic episode and had

not previously received antipsychotic drugnot previously received antipsychotic drug

treatment. They had no other mental andtreatment. They had no other mental and

neurological disease, eating disorder,neurological disease, eating disorder,

diabetes mellitus, hypertension, or historydiabetes mellitus, hypertension, or history

of alcohol or other substance misuse. Anti-of alcohol or other substance misuse. Anti-

psychotic treatment was not randomisedpsychotic treatment was not randomised

but provided according to normal localbut provided according to normal local

clinical practice for 10 weeks. This involvedclinical practice for 10 weeks. This involved

treatment primarily with risperidone ortreatment primarily with risperidone or

chlorpromazine; diazepam, or anticho-chlorpromazine; diazepam, or anticho-

linergic drugs to control extrapyramidallinergic drugs to control extrapyramidal

side-effects were administered as required.side-effects were administered as required.

All participants gave written informedAll participants gave written informed

consent for participation in the study,consent for participation in the study,

which had been approved by the hospital’swhich had been approved by the hospital’s

ethics committee, in accordance with theethics committee, in accordance with the

Declaration of Helsinki.Declaration of Helsinki.

A total of 46 patients were recruited (27A total of 46 patients were recruited (27

men and 19 women). All patients receivedmen and 19 women). All patients received

dietetically balanced hospital meals (dailydietetically balanced hospital meals (daily

energy intake: men 10.5 MJ (2500 kcal),energy intake: men 10.5 MJ (2500 kcal),

women 9.2 MJ (2200 kcal)), occasionallywomen 9.2 MJ (2200 kcal)), occasionally

supplemented by gifts from relatives, andsupplemented by gifts from relatives, and

had the opportunity for an hour’s physicalhad the opportunity for an hour’s physical

exercise each day. All patients were ratedexercise each day. All patients were rated

using the Positive and Negative Syndromeusing the Positive and Negative Syndrome

Scale (PANSS; KayScale (PANSS; Kay et alet al, 1987) for the, 1987) for the

assessment of clinical psychotic symptomsassessment of clinical psychotic symptoms

by the senior psychiatrist (Z.-J.Y.) trainedby the senior psychiatrist (Z.-J.Y.) trained

in its use. A minimum PANSS score of 60in its use. A minimum PANSS score of 60

was acceptable on admission; improvementwas acceptable on admission; improvement

after antipsychotic drug treatment wasafter antipsychotic drug treatment was

expressed by percentage change overexpressed by percentage change over

baseline PANSS scores.baseline PANSS scores.

Control groupControl group

The control group consisted of hospitalThe control group consisted of hospital

staff well matched for age (26.9 years,staff well matched for age (26.9 years,

s.d.s.d.¼50) and gender (22 men, 16 women)50) and gender (22 men, 16 women)

with the patient group, and were all appar-with the patient group, and were all appar-

ently healthy after assessment by physicalently healthy after assessment by physical

examination, blood screening and urineexamination, blood screening and urine

test. None had any history of treatmenttest. None had any history of treatment

for neuropsychiatric disorders.for neuropsychiatric disorders.

Experimental measuresExperimental measures

Body fat indicatorsBody fat indicators

Weight, height, and waist and hip circum-Weight, height, and waist and hip circum-

ferences were measured, and the body massferences were measured, and the body mass

index (BMI) and waist:hip ratio (WHR)index (BMI) and waist:hip ratio (WHR)

were calculated for all patients on admis-were calculated for all patients on admis-

sion and weekly for 10 weeks. The samesion and weekly for 10 weeks. The same

measurements were made on the controlmeasurements were made on the control

group members. Waist circumference wasgroup members. Waist circumference was

measured midway between the lower ribmeasured midway between the lower rib

margin and the iliac crest, and hip circum-margin and the iliac crest, and hip circum-

ference was measured at the level of theference was measured at the level of the

widest circumference. Measurement ofwidest circumference. Measurement of

abdominal subcutaneous fat (SUB) andabdominal subcutaneous fat (SUB) and

intra-abdominal fat (IAF; visceral fat) wasintra-abdominal fat (IAF; visceral fat) was

performed by magnetic resonance imagingperformed by magnetic resonance imaging

(MRI) on subgroups of participants (40(MRI) on subgroups of participants (40

patients and 22 controls) with a whole-patients and 22 controls) with a whole-

body scanner (Siemens Magnetom 8) usingbody scanner (Siemens Magnetom 8) using

a 0.2 T magnetic field and an inversiona 0.2 T magnetic field and an inversion

recovery pulse sequence (inversion timerecovery pulse sequence (inversion time

0.25 ms, repetition time 500 ms, and echo0.25 ms, repetition time 500 ms, and echo

time 20 ms; field of view 380 mmtime 20 ms; field of view 380 mm33, matrix, matrix

19219266256). One single transverse scan was256). One single transverse scan was

taken halfway between the lower ribtaken halfway between the lower rib
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margin and the iliac crest with the partici-margin and the iliac crest with the partici-

pantpant lying supine. This site was determinedlying supine. This site was determined

by palpation approximately at the level ofby palpation approximately at the level of

L4/L5 vertebra. Slice thickness was 10 mmL4/L5 vertebra. Slice thickness was 10 mm

and one scan took approximately 6 min.and one scan took approximately 6 min.

Image analyses to determine the abdominalImage analyses to determine the abdominal

fat used the techniques described by Seidellfat used the techniques described by Seidell

et alet al (1990). Scans were taken within 36 h(1990). Scans were taken within 36 h

of admission and after 10 weeks.of admission and after 10 weeks.

Biochemical indicatorsBiochemical indicators

Blood was taken for testing from theBlood was taken for testing from the

patients on admission and after 10 weekspatients on admission and after 10 weeks

of antipsychotic treatment. Whole venousof antipsychotic treatment. Whole venous

blood samples were taken into tubesblood samples were taken into tubes

containing ethylenediamine tetra-aceticcontaining ethylenediamine tetra-acetic

acid (EDTA) at approximately 06.30 hacid (EDTA) at approximately 06.30 h

following overnight fasting, and 2 h afterfollowing overnight fasting, and 2 h after

breakfast for non-fasting plasma glucosebreakfast for non-fasting plasma glucose

measurement. After centrifugation atmeasurement. After centrifugation at

2500 g at 42500 g at 4 88C for 5 min, plasma super-C for 5 min, plasma super-

natants were collected and immediatelynatants were collected and immediately

stored atstored at 778080 88C prior to assay. The sam-C prior to assay. The sam-

ples were processed randomly and maskedples were processed randomly and masked

to diagnosis. Plasma glucose concentrationto diagnosis. Plasma glucose concentration

was assayed by an automated glucosewas assayed by an automated glucose

oxidase method. Measures of lipids – totaloxidase method. Measures of lipids – total

high-density lipoprotein (HDL) and low-high-density lipoprotein (HDL) and low-

density lipoprotein (LDL) cholesterol anddensity lipoprotein (LDL) cholesterol and

triglycerides – were determined by stand-triglycerides – were determined by stand-

ard clinical biochemistry laboratory assays.ard clinical biochemistry laboratory assays.

Fasting plasma insulin was measuredFasting plasma insulin was measured

with awith a 125125I-insulin radioimmunoassay kitI-insulin radioimmunoassay kit

(National Health Institute, Beijing, China)(National Health Institute, Beijing, China)

in duplicate for each participant. The intra-in duplicate for each participant. The intra-

and interassay coefficients of variation wereand interassay coefficients of variation were

below 3%. A leptin immunoradiometric kitbelow 3%. A leptin immunoradiometric kit

(ACTIVE Human Leptin Coated-Tube(ACTIVE Human Leptin Coated-Tube

Immunoradiometric Assay Kit DSL-Immunoradiometric Assay Kit DSL-

23100, Diagnostic Systems Laboratories,23100, Diagnostic Systems Laboratories,

Webster, TX, USA) was used to determineWebster, TX, USA) was used to determine

total fasting plasma leptin levels in dupli-total fasting plasma leptin levels in dupli-

cate. The intra- and interassay coefficientscate. The intra- and interassay coefficients

of variation were below 4%.of variation were below 4%.

Data analysisData analysis

All statistical analyses were performed usingAll statistical analyses were performed using

the Statistical Package for the Socialthe Statistical Package for the Social

Sciences, version 10.0. Initial analysisSciences, version 10.0. Initial analysis

involved univariate analysis of varianceinvolved univariate analysis of variance

(ANOVA) to compare the study groups,(ANOVA) to compare the study groups,

and repeated-measures analysis to determineand repeated-measures analysis to determine

the effects of treatment on body fat andthe effects of treatment on body fat and

biochemical indicators. Except where signif-biochemical indicators. Except where signif-

icant interaction terms were observed, theicant interaction terms were observed, the

results are reported asresults are reported as tt-tests. Values are-tests. Values are

given as mean (standard deviation). Signifi-given as mean (standard deviation). Signifi-

cance levels are for two-tailed tests;cance levels are for two-tailed tests;

PP values below 0.05 were regarded asvalues below 0.05 were regarded as

significant. Antipsychotic dose was con-significant. Antipsychotic dose was con-

verted to chlorpromazine equivalents (ris-verted to chlorpromazine equivalents (ris-

peridone doseperidone dose66100). Correlations between100). Correlations between

biochemical indicators and clinical para-biochemical indicators and clinical para-

meters and features were examined bymeters and features were examined by

Spearman rank correlation. Stepwise multi-Spearman rank correlation. Stepwise multi-

ple regression was used for analysis of theple regression was used for analysis of the

influence of weight and fat indicators andinfluence of weight and fat indicators and

clinical features on plasma leptin levels.clinical features on plasma leptin levels.

RESULTSRESULTS

Patient treatment and clinicalPatient treatment and clinical
responseresponse

The age, treatment details and symptomThe age, treatment details and symptom

scores for the patient groups are shown inscores for the patient groups are shown in

Table 1. There was no significant differenceTable 1. There was no significant difference

between male and female patients in age orbetween male and female patients in age or

symptom score at baseline and after treat-symptom score at baseline and after treat-

ment (allment (all PP440.05, data not shown). Thirty0.05, data not shown). Thirty

patients received risperidone at an initialpatients received risperidone at an initial

daily dose of 1 mg, increasing over 10 daysdaily dose of 1 mg, increasing over 10 days

to a mean dose of 4.77 mg (s.d.to a mean dose of 4.77 mg (s.d.¼0.86):0.86):

5.64 mg (s.d.5.64 mg (s.d.¼0.67) for 11 men, 4.26 mg0.67) for 11 men, 4.26 mg

(s.d.(s.d.¼0.45) for 19 women. Another 15 male0.45) for 19 women. Another 15 male

patients received chlorpromazine at anpatients received chlorpromazine at an

initial daily dose of 50 mg, increasing to aninitial daily dose of 50 mg, increasing to an

average dose of 480 mg (s.d.average dose of 480 mg (s.d.¼122.2). In122.2). In

addition, one male patient was treated withaddition, one male patient was treated with

quetiapine at an initial dose of 25 mg,quetiapine at an initial dose of 25 mg,

increasing to 600 mg over 1 week. Maleincreasing to 600 mg over 1 week. Male

patients had a higher daily dose of anti-patients had a higher daily dose of anti-

psychotic: chlorpromazine equivalents forpsychotic: chlorpromazine equivalents for

males, 518.5 mg (s.d.males, 518.5 mg (s.d.¼108.4); for females,108.4); for females,

426.3 mg (s.d.426.3 mg (s.d.¼45.2);45.2); tt¼3.956,3.956, PP¼0.0001.0.0001.

Weight and fat indicatorsWeight and fat indicators

Initial comparisons between the control andInitial comparisons between the control and

patient groups showed no significant differ-patient groups showed no significant differ-

ence between the two. Values for the con-ence between the two. Values for the con-

trol group were: average weight 60.7 kgtrol group were: average weight 60.7 kg

(s.d.(s.d.¼9.6); BMI 21.6 kg (s.d.9.6); BMI 21.6 kg (s.d.¼2.3); WHR2.3); WHR

0.81 (s.d.0.81 (s.d.¼0.07); SUB 102.9 cm0.07); SUB 102.9 cm22 (s.d.(s.d.¼
51.6); and IAF 47.3 cm51.6); and IAF 47.3 cm22 (s.d.(s.d.¼13.8). The13.8). The

general absence of any gender–group inter-general absence of any gender–group inter-

action indicated that this effect held trueaction indicated that this effect held true

within the genders except for a significantwithin the genders except for a significant

interaction term for WHR (interaction term for WHR (FF¼6.03,6.03,

PP¼0.016), reflecting a lower WHR in0.016), reflecting a lower WHR in

female controls 0.77 (s.d.female controls 0.77 (s.d.¼0.06) compared0.06) compared

with female patients (with female patients (tt¼2.469,2.469, PP¼0.019).0.019).

There were significant increases in allThere were significant increases in all

weight and fat indicators after 10 weeks’weight and fat indicators after 10 weeks’

antipsychotic treatment in the patientantipsychotic treatment in the patient

group (Table 2). This showed significantgroup (Table 2). This showed significant

interactions with gender for SUBinteractions with gender for SUB

((FF¼5.675,5.675, PP¼0.022), and particularly for0.022), and particularly for

IAF (IAF (FF¼13.727,13.727, PP¼0.001) and WHR0.001) and WHR

((FF¼11.574,11.574, PP¼0.001), but not for BMI, re-0.001), but not for BMI, re-

flecting substantially greater changes in theflecting substantially greater changes in the

male group than in the female group. Thusmale group than in the female group. Thus

no significant change in WHR and SUB wasno significant change in WHR and SUB was

apparent for the female patients after treat-apparent for the female patients after treat-

ment; significant differences between malesment; significant differences between males

and females were found for the changes inand females were found for the changes in

WHR (WHR (tt¼3.496,3.496, PP¼0.001), SUB (0.001), SUB (tt¼2.2,2.2,

PP¼0.038) and IAF (0.038) and IAF (tt¼3.941,3.941, PP¼0.0001).0.0001).

Biochemical indicatorsBiochemical indicators

No significant difference in fasting plasmaNo significant difference in fasting plasma

leptin or fasting plasma insulin levels wasleptin or fasting plasma insulin levels was

found between the control group andfound between the control group and

patients on admission: controls, plasmapatients on admission: controls, plasma

insulin 17.19 mIU/l (s.d.insulin 17.19 mIU/l (s.d.¼18.84),18.84), tt¼0.295,0.295,

PP¼0.769; plasma leptin 11.07 ng/ml0.769; plasma leptin 11.07 ng/ml

(s.d.(s.d.¼11.39),11.39), tt¼771.546,1.546, PP¼0.127. Insulin,0.127. Insulin,

however, showed a significant gender–however, showed a significant gender–

group interaction (group interaction (FF¼8.664,8.664, PP¼0.004),0.004),

reflecting the higher values observed inreflecting the higher values observed in

female patients (female patients (tt¼2.056,2.056, PP¼0.049).0.049).

There was a substantial elevation inThere was a substantial elevation in

plasma leptin in the patient group after 10plasma leptin in the patient group after 10

weeks’ treatment as well as within genderweeks’ treatment as well as within gender

subgroups (Table 3). No significant differ-subgroups (Table 3). No significant differ-

ence in plasma insulin was found after 10ence in plasma insulin was found after 10

weeks of treatment. There was no signifi-weeks of treatment. There was no signifi-

cant difference in fasting plasma glucosecant difference in fasting plasma glucose

levels before and after treatment either inlevels before and after treatment either in

all patients or in the gender subgroups.all patients or in the gender subgroups.

However, after 10 weeks of treatment, aHowever, after 10 weeks of treatment, a

significant increase in non-fasting plasmasignificant increase in non-fasting plasma

glucose concentration was found. Sub-glucose concentration was found. Sub-

stantial and significant differences werestantial and significant differences were

also observed in total and LDL cholesterolalso observed in total and LDL cholesterol
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Table 1Table 1 Clinical features and symptom assessment in patients with first-episode schizophreniaClinical features and symptom assessment in patients with first-episode schizophrenia

Clinical featuresClinical features All patients (All patients (nn¼46)46) MRI group (MRI group (nn¼40)40)

MeanMean s.d.s.d. MeanMean s.d.s.d.

Age (years)Age (years) 26.526.5 6.66.6 26.726.7 6.66.6

Drug dosage (mg chlorpromazine equivalents daily)Drug dosage (mg chlorpromazine equivalents daily) 480.4480.4 98.698.6 482.5482.5 101.6101.6

Total PANSS scores before treatmentTotal PANSS scores before treatment 99.699.6 16.116.1 101.4101.4 14.814.8

Improvement in total PANSS scores after treatment (%)Improvement in total PANSS scores after treatment (%) 43.343.3 16.416.4 43.543.5 17.017.0

MRI, magnetic resonance imaging; PANSS, Positive and Negative Syndrome Scale.MRI, magnetic resonance imaging; PANSS, Positive and Negative Syndrome Scale.
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and triglycerides. No clear gender differ-and triglycerides. No clear gender differ-

ence in response to treatment was apparentence in response to treatment was apparent

in glucose measures, leptin, insulin orin glucose measures, leptin, insulin or

lipid markers, as there was no significantlipid markers, as there was no significant

interaction. Similarly, the lack of signifi-interaction. Similarly, the lack of signifi-

cant treatment–drug type interactions incant treatment–drug type interactions in

ANOVAANOVA indicated no significant differenceindicated no significant difference

between risperidone and chlorpromazine inbetween risperidone and chlorpromazine in

their effects on any of these measures or ontheir effects on any of these measures or on

body fat indicators. However, there werebody fat indicators. However, there were

significant gender differences in leptinsignificant gender differences in leptin

levels in the control group at baselinelevels in the control group at baseline

assessment (males 5.77 ng/ml (s.d.assessment (males 5.77 ng/ml (s.d.¼4.99)4.99)

vv. females 18.35 ng/ml (s.d.. females 18.35 ng/ml (s.d.¼13.69);13.69);

tt¼773.511,3.511, PP¼0.003) and in the patient0.003) and in the patient

group both at baseline (group both at baseline (tt¼775.061,5.061,

PP¼0.0001) and after treatment0.0001) and after treatment

((tt¼773.107,3.107, PP¼0.004).0.004).

Correlation of body fat indicatorsCorrelation of body fat indicators
with clinical features, outcome andwith clinical features, outcome and
biochemical indicatorsbiochemical indicators

Within the MRI-determined baseline bodyWithin the MRI-determined baseline body

fat indicators, only IAF was positively cor-fat indicators, only IAF was positively cor-

related with age (related with age (rr¼0.463,0.463, PP¼0.003) in0.003) in

the patient group but not significantly inthe patient group but not significantly in

the control group (the control group (rr¼0.201,0.201, PP¼0.37).0.37).

There was no significant correlation be-There was no significant correlation be-

tween the changes in body fat and clinicaltween the changes in body fat and clinical

features, including age and antipsychoticfeatures, including age and antipsychotic

dose. The biochemical markers also showeddose. The biochemical markers also showed

no significant correlation with these clinicalno significant correlation with these clinical

features (data not shown). Patients showedfeatures (data not shown). Patients showed

a substantial decrease in PANSS scoresa substantial decrease in PANSS scores

over 10 weeks’ treatment (see Table 1);over 10 weeks’ treatment (see Table 1);

however, the change in BMI was nothowever, the change in BMI was not

significantly correlated with this clinicalsignificantly correlated with this clinical

improvement (improvement (rr¼0.223,0.223, PP¼0.137).0.137).

In the control group there was no sig-In the control group there was no sig-

nificant relationship between plasma leptinnificant relationship between plasma leptin

levels and body fat, although a trend tolevels and body fat, although a trend to

increased SUB with increased leptin wasincreased SUB with increased leptin was

apparent (apparent (rr¼0.384,0.384, PP¼0.078). In patients,0.078). In patients,

initial leptin concentrations correlated sig-initial leptin concentrations correlated sig-

nificantly with BMI at baseline (nificantly with BMI at baseline (rr¼0.33,0.33,

PP¼0.03), and with SUB but not IAF mea-0.03), and with SUB but not IAF mea-

surements at baseline (surements at baseline (rr¼0.73,0.73, PP¼0.0001).0.0001).

Leptin, both on admission and after 10Leptin, both on admission and after 10

weeks, correlated inversely with the percen-weeks, correlated inversely with the percen-

tage change in SUB (tage change in SUB (rr¼770.505,0.505, PP¼0.002;0.002;

rr¼770.467,0.467, PP¼0.005) but not with that in0.005) but not with that in

IAF. Moreover, this change in SUB butIAF. Moreover, this change in SUB but

not in IAF was also strongly correlated withnot in IAF was also strongly correlated with

fasting insulin concentrations at basefasting insulin concentrations at baselineline
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Table 2Table 2 Effect of antipsychotic drug treatment on body fat indicators in patients with first-episode schizophreniaEffect of antipsychotic drug treatment on body fat indicators in patients with first-episode schizophrenia

Patient groupPatient group Weight (kg)Weight (kg) BMI (kg/mBMI (kg/m22)) Waist:hip ratio (%)Waist:hip ratio (%) Subcutaneous fat (cmSubcutaneous fat (cm22)) Intra-abdominal fat (cmIntra-abdominal fat (cm22))

nn MeanMean s.d.s.d. nn MeanMean s.d.s.d. nn MeanMean s.d.s.d. nn MeanMean s.d.s.d. nn MeanMean s.d.s.d.

All patientsAll patients

Before treatmentBefore treatment 4646 56.756.7 11.411.4 4646 20.520.5 3.53.5 4646 0.830.83 0.070.07 4040 109.9109.9 68.468.4 4040 51.351.3 20.120.1

After treatmentAfter treatment 4646 61.3*61.3* 11.511.5 4646 22.2**22.2** 3.43.4 4646 0.87**0.87** 0.060.06 4040 139.3*139.3* 62.562.5 4040 69.9***69.9*** 24.624.6

ChangeChange 4646 4.644.64 3.393.39 4646 1.691.69 1.21.2 4646 0.040.04 0.060.06 4040 29.529.5 29.629.6 4040 18.718.7 16.516.5

Male patientsMale patients

Before treatmentBefore treatment 2727 60.260.2 12.712.7 2727 20.620.6 4.04.0 2727 0.830.83 0.070.07 2525 93.693.6 71.571.5 2525 56.156.1 22.022.0

After treatmentAfter treatment 2727 65.7***65.7*** 12.412.4 2727 22.5***22.5*** 3.93.9 2727 0.89***0.89*** 0.060.06 2525 131.3***131.3*** 66.566.5 2525 81.2***81.2*** 22.622.6

ChangeChange 2727 5.555.55 3.683.68 2727 1.931.93 1.271.27 2727 0.060.06 0.050.05 2525 37.637.6 24.224.2 2525 25.225.2 15.515.5

Female patientsFemale patients

Before treatmentBefore treatment 1919 51.751.7 6.76.7 1919 20.320.3 2.62.6 1919 0.820.82 0.070.07 1515 136.9136.9 55.055.0 1515 43.443.4 13.813.8

After treatmentAfter treatment 1919 55.1***55.1*** 6.36.3 1919 21.7***21.7*** 2.52.5 1919 0.830.83 0.060.06 1515 152.8152.8 54.754.7 1515 51.2*51.2* 14.214.2

ChangeChange 1919 3.363.36 2.492.49 1919 1.351.35 1.051.05 1919 0.010.01 0.050.05 1515 15.915.9 33.333.3 1515 7.87.8 12.112.1

BMI, bodymass index.BMI, bodymass index.
Effect of10 weeks’ treatment by paired samplesEffect of10 weeks’ treatment by paired samples tt-test: *-test: *PP550.05; **0.05; **PP550.01; ***0.01; ***PP550.001.0.001.

Table 3Table 3 Effect of antipsychotic drug treatment on biochemical indicators in patients with first-episode schizophreniaEffect of antipsychotic drug treatment on biochemical indicators in patients with first-episode schizophrenia

Biochemical indicatorBiochemical indicator All patients (All patients (nn¼46)46) Male patients (Male patients (nn¼25)25) Female patients (Female patients (nn¼19)19)

Before treatmentBefore treatment After treatmentAfter treatment Before treatmentBefore treatment After treatmentAfter treatment Before treatmentBefore treatment After treatmentAfter treatment

MeanMean s.d.s.d. MeanMean s.d.s.d. MeanMean s.d.s.d. MeanMean s.d.s.d. MeanMean s.d.s.d. MeanMean s.d.s.d.

Fasting glucose (mmol/l)Fasting glucose (mmol/l) 5.015.01 0.630.63 4.914.91 0.820.82 5.025.02 0.490.49 4.874.87 0.900.90 5.05.0 0.800.80 4.954.95 0.720.72

Non-fasting glucose (mmol/l)Non-fasting glucose (mmol/l) 6.346.34 1.611.61 7.18**7.18** 1.651.65 6.376.37 1.911.91 7.09*7.09* 1.471.47 6.306.30 1.121.12 7.31*7.31* 1.921.92

Fasting insulin (mIU/l)Fasting insulin (mIU/l) 18.6518.65 25.6525.65 22.4522.45 24.4424.44 11.6211.62 6.636.63 20.420.4 26.6326.63 30.5330.53 39.0639.06 25.9225.92 20.5620.56

Fasting leptin (ng/ml)Fasting leptin (ng/ml) 7.687.68 7.717.71 21.61***21.61*** 17.1317.13 3.793.79 4.674.67 16.08***16.08*** 16.3916.39 14.2514.25 7.457.45 30.95**30.95** 14.414.4

Cholesterol (mmol/l)Cholesterol (mmol/l) 4.084.08 0.830.83 4.58***4.58*** 0.950.95 4.074.07 0.930.93 4.56**4.56** 0.980.98 4.14.1 0.650.65 4.62**4.62** 0.920.92

Triglyceride (mmol/l)Triglyceride (mmol/l) 1.151.15 0.600.60 1.66***1.66*** 0.670.67 1.181.18 0.700.70 1.66*1.66* 0.730.73 1.101.10 0.410.41 1.66***1.66*** 0.560.56

HDL (mmol/l)HDL (mmol/l) 1.241.24 0.280.28 1.231.23 0.270.27 1.191.19 0.290.29 1.171.17 0.260.26 1.331.33 0.230.23 1.351.35 0.260.26

LDL (mmol/l)LDL (mmol/l) 2.192.19 0.960.96 2.63***2.63*** 0.850.85 2.302.30 1.041.04 2.68*2.68* 0.900.90 1.991.99 0.800.80 2.53*2.53* 0.770.77

HDL, high-density lipoprotein; LDL, low-density lipoprotein.HDL, high-density lipoprotein; LDL, low-density lipoprotein.
Effects of10 weeks’ treatment by paired samplesEffects of10 weeks’ treatment by paired samples tt-test: *-test: *PP550.05; **0.05; **PP550.01; ***0.01; ***PP550.001.0.001.
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((rr¼770.523,0.523, PP¼0.001) and after 10 weeks’0.001) and after 10 weeks’

treatment (treatment (rr¼770.537,0.537, PP¼0.001). To0.001). To

elucidate further the influences on plasmaelucidate further the influences on plasma

leptin in schizophrenia, stepwise multipleleptin in schizophrenia, stepwise multiple

regression was performed with body fat in-regression was performed with body fat in-

dicators, gender, age, drug type and anti-dicators, gender, age, drug type and anti-

psychotic dose included as independentpsychotic dose included as independent

variables; only gender and baseline SUBvariables; only gender and baseline SUB

were significantly associated with initialwere significantly associated with initial

leptin (leptin (bb¼770.64,0.64, tt¼4.928,4.928, PP¼0.0001),0.0001),

whereas after 10 weeks leptin was onlywhereas after 10 weeks leptin was only

significantly related to gender.significantly related to gender.

DISCUSSIONDISCUSSION

Weight gain and fat depositionWeight gain and fat deposition
in the treatment of schizophreniain the treatment of schizophrenia

To our knowledge, this is the first investi-To our knowledge, this is the first investi-

gation into the initial effects on weightgation into the initial effects on weight

and regional fat distribution measuredand regional fat distribution measured

by MRI following antipsychotic treat-by MRI following antipsychotic treat-

ment of patients with a first episode ofment of patients with a first episode of

schizophrenia. The MRI technique is aschizophrenia. The MRI technique is a

precise and reliable means of determiningprecise and reliable means of determining

the two fat measures, with better resolu-the two fat measures, with better resolu-

tiontion than computed tomography (CT)than computed tomography (CT)

(Seidell(Seidell et alet al, 1990). We obtained no sub-, 1990). We obtained no sub-

stantial evidence of a difference in weightstantial evidence of a difference in weight

or fat deposition between the control groupor fat deposition between the control group

and the patient group, although slight ele-and the patient group, although slight ele-

vations in fat indicators (despite lowervations in fat indicators (despite lower

mean BMI values) were apparent in themean BMI values) were apparent in the

patients in comparison with control partici-patients in comparison with control partici-

pants. This is in contrast to the findings ofpants. This is in contrast to the findings of

ThakoreThakore et alet al (2002), who reported that(2002), who reported that

IAF but not SUB (determined by CT) wasIAF but not SUB (determined by CT) was

significantly increased in patients withsignificantly increased in patients with

schizophrenia compared with age-matchedschizophrenia compared with age-matched

normal controls, and that this was unre-normal controls, and that this was unre-

lated to antipsychotic drug treatment.lated to antipsychotic drug treatment.

However, differences in social factorsHowever, differences in social factors

between Thakore’s sample of patients andbetween Thakore’s sample of patients and

the Chinese patients investigated here, asthe Chinese patients investigated here, as

well as the presence of previously treatedwell as the presence of previously treated

drug-free patients in the former study,drug-free patients in the former study,

might have contributed to the apparentmight have contributed to the apparent

discrepancy with the results presented here.discrepancy with the results presented here.

It is well established that antipsychoticIt is well established that antipsychotic

drug treatment can induce substantialdrug treatment can induce substantial

weight gain, with different drugs havingweight gain, with different drugs having

greater or lesser effects, and the greatestgreater or lesser effects, and the greatest

increases occurring with atypical antipsy-increases occurring with atypical antipsy-

chotics (reviewed by Allisonchotics (reviewed by Allison et alet al, 1999;, 1999;

Taylor & McAskill, 2000). Inevitably,Taylor & McAskill, 2000). Inevitably,

most studies undertaken in the context ofmost studies undertaken in the context of

drug trials have assessed patients who haddrug trials have assessed patients who had

previously received antipsychotic drugpreviously received antipsychotic drug

treatment. Such treatment confounds thetreatment. Such treatment confounds the

effects of drugs over the period of the studyeffects of drugs over the period of the study

by elevating values of baseline weight andby elevating values of baseline weight and

related metabolic measures by amountsrelated metabolic measures by amounts

dependent on the drug (or drugs) previouslydependent on the drug (or drugs) previously

received. In addition, the difficulty inreceived. In addition, the difficulty in

distinguishing correlates of disease fromdistinguishing correlates of disease from

the consequences of drug treatment meansthe consequences of drug treatment means

that it is possible that schizophrenia itselfthat it is possible that schizophrenia itself

can be a risk factor for the metabolic syn-can be a risk factor for the metabolic syn-

drome (Ryan & Thakore, 2002). Hencedrome (Ryan & Thakore, 2002). Hence

the importance of studies in drug-naıvethe importance of studies in drug-naı̈ve

patients. We observed that initial anti-patients. We observed that initial anti-

psychotic treatment has a substantial effectpsychotic treatment has a substantial effect

on weight and fat deposition.on weight and fat deposition.

The mechanisms underlying thisThe mechanisms underlying this

antipsychotic-drug induced weight gainantipsychotic-drug induced weight gain

are likely to be multifactorial. Antagonismare likely to be multifactorial. Antagonism

of the serotonin receptor 5-HTof the serotonin receptor 5-HT2C2C, for, for

which several antipsychotic drugs, parti-which several antipsychotic drugs, parti-

cularly olanzapine and clozapine, havecularly olanzapine and clozapine, have

high affinity, is a strong candidate as thehigh affinity, is a strong candidate as the

receptor is known to influence appetitereceptor is known to influence appetite

and thereby weight gain (Nonogakiand thereby weight gain (Nonogaki etet

alal, 1998). Association of a polymorphism, 1998). Association of a polymorphism

of the 5-HTof the 5-HT2C2C receptor gene with anti-receptor gene with anti-

psychotic drug-induced weight gain pro-psychotic drug-induced weight gain pro-

vides further evidence of the importancevides further evidence of the importance

of the receptor in this process (Reynoldsof the receptor in this process (Reynolds

et alet al, 2002). However, effects at other re-, 2002). However, effects at other re-

ceptors, including dopamine Dceptors, including dopamine D22,, aa-adreno--adreno-

ceptors and particularly the histamine Hceptors and particularly the histamine H11

receptor (Kroezereceptor (Kroeze et alet al, 2003), have also, 2003), have also

been implicated.been implicated.

Leptin changesLeptin changes

Leptin is a hormone secreted by adiposeLeptin is a hormone secreted by adipose

tissue to have effects at receptors in thetissue to have effects at receptors in the

hypothalamus that result in the control ofhypothalamus that result in the control of

food intake. Deficits in leptin or leptinfood intake. Deficits in leptin or leptin

receptors result in overeating and obesity,receptors result in overeating and obesity,

indicating the importance of the hormoneindicating the importance of the hormone

in body mass homoeostasis. The increasein body mass homoeostasis. The increase

in fat deposition observed here occurredin fat deposition observed here occurred

despite a substantial elevation in levels ofdespite a substantial elevation in levels of

circulating leptin, indicating that leptincirculating leptin, indicating that leptin

control of fat deposition in patients receiv-control of fat deposition in patients receiv-

ing antipsychotic treatment is awry. Thising antipsychotic treatment is awry. This

is likely to occur because the drugs blockis likely to occur because the drugs block

other receptors, e.g. 5-HTother receptors, e.g. 5-HT2C2C, that interact, that interact

with the effects of leptin in the hypothala-with the effects of leptin in the hypothala-

mus (Nonogakimus (Nonogaki et alet al, 1998). However, the, 1998). However, the

inverse correlation between SUB increasesinverse correlation between SUB increases

and leptin levels suggests that someand leptin levels suggests that some

remaining influence of leptin on sub-remaining influence of leptin on sub-

cutaneous fat deposition is present. Thesecutaneous fat deposition is present. These

results are certainly consistent with pre-results are certainly consistent with pre-

vious findings of elevated leptin concen-vious findings of elevated leptin concen-

trations in antipsychotic-treated patientstrations in antipsychotic-treated patients

with schizophrenia (Herranwith schizophrenia (Herran et alet al, 2001), 2001)

and appear likely to be a consequence ofand appear likely to be a consequence of

subcutaneous fat deposition, over whichsubcutaneous fat deposition, over which

leptin normally imparts most regulatoryleptin normally imparts most regulatory

control (Cnopcontrol (Cnop et alet al, 2002)., 2002).

Weight gain and hyperglycaemiaWeight gain and hyperglycaemia

The accumulation of intra-abdominal fatThe accumulation of intra-abdominal fat

seen in patients in this study may well beseen in patients in this study may well be

the first indication of increasing risk ofthe first indication of increasing risk of

diabetes, since this measure is correlateddiabetes, since this measure is correlated

with insulin resistance (Cnopwith insulin resistance (Cnop et alet al, 2002)., 2002).

Certainly there is growing evidence thatCertainly there is growing evidence that

the treatment of schizophrenia, particularlythe treatment of schizophrenia, particularly

with clozapine and olanzapine, may impairwith clozapine and olanzapine, may impair

glucose metabolism and increase the risk ofglucose metabolism and increase the risk of

diabetes (Henderson, 2002; Newcomerdiabetes (Henderson, 2002; Newcomer etet

alal, 2002). We observed that an increase in, 2002). We observed that an increase in

non-fasting glucose concentration emergednon-fasting glucose concentration emerged

after 10 weeks’ treatment. This findingafter 10 weeks’ treatment. This finding

may provide the first indications ofmay provide the first indications of

impaired glucose utilisation, which hasimpaired glucose utilisation, which has

been reported in patients treated chroni-been reported in patients treated chroni-

cally with risperidone, as well as more pro-cally with risperidone, as well as more pro-

found effects following olanzapine andfound effects following olanzapine and

clozapine (Newcomerclozapine (Newcomer et alet al, 2002). More, 2002). More

speculatively, this developing insulin resis-speculatively, this developing insulin resis-

tance, along with the observations oftance, along with the observations of

central fat deposition and the substantialcentral fat deposition and the substantial

and significant increases in blood lipidand significant increases in blood lipid

levels, may reflect early signs of progressionlevels, may reflect early signs of progression

towards the metabolic syndrome.towards the metabolic syndrome.

Drug-induced weight gainDrug-induced weight gain
and clinical improvementand clinical improvement

The changes in weight and/or body fatThe changes in weight and/or body fat

indicators do not appear to be related toindicators do not appear to be related to

clinical improvement in this study. Ourclinical improvement in this study. Our

finding is consistent with the absencefinding is consistent with the absence

of any significant relationship betweenof any significant relationship between

weight gain and symptom improvement inweight gain and symptom improvement in

another, larger, sample of similar patientsanother, larger, sample of similar patients

(Zhang(Zhang et alet al, 2003), despite reports that, 2003), despite reports that

weight gain is positively correlated withweight gain is positively correlated with

symptom improvement following clozapinesymptom improvement following clozapine

and olanzapine (Czoborand olanzapine (Czobor et alet al, 2002). How-, 2002). How-

ever, consistent with our findings, the latterever, consistent with our findings, the latter

report found no relationship betweenreport found no relationship between

weight gain and symptom improvement inweight gain and symptom improvement in

patients receiving risperidone. In addition,patients receiving risperidone. In addition,

it is difficult to eliminate artefactual resultsit is difficult to eliminate artefactual results

from such studies; poor nutrition and lowfrom such studies; poor nutrition and low

weight may be a consequence of moreweight may be a consequence of more

severe symptoms, and such patients maysevere symptoms, and such patients may

show greater increases in both symptomshow greater increases in both symptom

improvement and weight gain followingimprovement and weight gain following

treatment.treatment.

Although the findings reported hereAlthough the findings reported here

describe the consequences of just 10 weeks’describe the consequences of just 10 weeks’

treatment with common antipsychotics,treatment with common antipsychotics,

they do provide indicators of a developingthey do provide indicators of a developing
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morbidity associated with weight gain.morbidity associated with weight gain.

Such studies need to be extended to deter-Such studies need to be extended to deter-

mine the longer-term consequences of anti-mine the longer-term consequences of anti-

psychotic drug treatment in previouslypsychotic drug treatment in previously

drug-naıve patients, and to differentiatedrug-naı̈ve patients, and to differentiate

better the effects of different drugs. How-better the effects of different drugs. How-

ever, the potential that substantial subcuta-ever, the potential that substantial subcuta-

neous and visceral fat deposits (particularlyneous and visceral fat deposits (particularly

the latter) may have in developing insulinthe latter) may have in developing insulin

resistance leading to the metabolicresistance leading to the metabolic

syndrome suggests that all should be donesyndrome suggests that all should be done

to minimise this drug-induced weight gainto minimise this drug-induced weight gain

and its impact. This may include dietaryand its impact. This may include dietary

counselling (Meltzer, 2001), routine screen-counselling (Meltzer, 2001), routine screen-

ing for diabetes (Henderson, 2002) or even,ing for diabetes (Henderson, 2002) or even,

in the future, genetic testing for liabilityin the future, genetic testing for liability

(Reynolds(Reynolds et alet al, 2002). Consideration of, 2002). Consideration of

the different severities of weight gainthe different severities of weight gain

associated with different drugs (Allisonassociated with different drugs (Allison etet

alal, 1999) should, of course, be an important, 1999) should, of course, be an important

factor in choosing appropriate drugfactor in choosing appropriate drug

treatments.treatments.
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CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Antipsychotic drug treatment rapidly induces abdominal fat deposition andAntipsychotic drug treatment rapidly induces abdominal fat deposition and
hyperlipidaemia, with inevitable consequences onmorbidity in schizophrenia.hyperlipidaemia, with inevitable consequences onmorbidity in schizophrenia.

&& This effect occurred along with increased leptin secretion, indicating that duringThis effect occurred along with increased leptin secretion, indicating that during
antipsychotic drug treatment the normal inhibitory control of leptin on body weightantipsychotic drug treatment the normal inhibitory control of leptin on body weight
is dysfunctional.is dysfunctional.

&& Drug-inducedweight gain is not a correlate of symptom improvement, at least inDrug-inducedweight gain is not a correlate of symptom improvement, at least in
patients in this study receiving risperidone or chlorpromazine.patients in this study receiving risperidone or chlorpromazine.

LIMITATIONSLIMITATIONS

&& The study did not include patients receiving drugs with greatest reported effectsThe study did not include patients receiving drugs with greatest reported effects
(i.e. clozapine and olanzapine) or withminimal effects onweight gain, and thus the(i.e. clozapine and olanzapine) or withminimal effects onweight gain, and thus the
findings cannot easily be generalised to all antipsychotic drug treatments.findings cannot easily be generalised to all antipsychotic drug treatments.

&& A relatively small series of patients was studied, limiting the opportunity toA relatively small series of patients was studied, limiting the opportunity to
investigate subgroups with adequate statistical power.investigate subgroups with adequate statistical power.

&& Patients were studied for only10 weeks; whether these findings reach a plateau,Patients were studied for only10 weeks; whether these findings reach a plateau,
continue to increase or even eventually diminish cannot be determined from them.continue to increase or even eventually diminish cannot be determined from them.
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