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Abstract The atypical antipsychotics have been shown to have superior efficacy com-
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pared withtypical antipsychoticssuch ashaloperidol, particul arly in thetreatment
of negative symptoms of schizophrenia. Furthermore, they induce less extrapyr-
amidal effects. However, following clinical use, marked bodyweight gain has
been frequently observed with some of the atypical antipsychotic drugs.

In order to examine and compare the frequency, amount and conditions of body-
welght gain during treatment with atypica antipsychotics, studies concerning body-
weight gain with these agents were identified through a MEDLINE search from
1966 to March 2000.

Although comparison is limited by the different designs and recruitment pro-
cedures of the reviewed studies, the available data support the notion that the
frequency as well as the amount of bodyweight gain is high in patients treated with
olanzapine (average bodyweight gain 2.3 kg/month), clozapine (1.7 kg/month),
quetiapine (1.8 kg/month), and possibly also zotepine (2.3 kg/month). Moderate
changes in bodyweight have been observed in the treatment with risperidone
(average bodyweight gain 1.0 kg/month). Ziprasidone seemstoinduceonly dlight
bodyweight changes (0.8 kg/month). Bodyweight gain most frequently occursin
the first 12 weeks of treatment. Patients who were underweight at the beginning
of treatment are at highest risk of gaining bodyweight.

The underlying pathomechanism still remains largely unclear. The relative
receptor affinities of the atypical antipsychotics for histamine Hj receptors as
well asthe ratio of their affinity for serotonin 5-HT2 and dopamine D2 receptors
appear to be the most robust correlate of bodyweight gain. Furthermore, the
induction of leptin secretion may have an important impact on bodyweight gain
in patients treated with atypical antipsychotics.

Although many questions concerning the pathogenesis of bodyweight gain
remain unresolved, this adverse effect has to be taken into consideration when
prescribing the atypical antipsychotics, particularly in view its affect on compli-
ance during long term treatment and the long term effects of obesity on mortality

and morbidity.

1. Atypical and Typical Antipsychotics

The antipsychotic drug clozapine, which was
developed in the late 1950s and introduced into clin-
ical usein 1971, shows some pharmacological prop-
erties that are different from those of the typical
antipsychotics such asthe phenothiazines (e.g. chlor-
promazine) and butyrophenones (e.g. haloperidol).
The most clinically relevant difference between
clozapine and the typical antipsychoticsisits com-
parative lack of extrapyramidal effects (EPS) and
its good therapeutic efficacy in treating the nega-
tive symptoms of schizophrenia. Because of this a-
typica clinical profile clozapine was often called
an ‘atypical’ antipsychotic drug. Up until recently,
there was no concise and well accepted definition of
an atypical antipsychotic drug.[*2 In addition, the

0 Adis International Limited. All rights reserved.

pharmacological profile of clozapine differs in
many aspects from that of the typical antipsychot-
ics (seetable 1).134 Clozapine has arelatively low
afinity for the dopamine D, receptor, and ahigh af-
finity for the serotonin 5-HT, receptor with antag-
onistic effects. Moreover, clozapine has strong
antihistaminergic and anticholinergic effects. How-
ever, thedifferent ratio of the affinity for 5-HT, and
D, receptors is judged to be the most pronounced
difference between atypical and typical antipsycho-
tic drugs. Most of the new atypical antipsychotics
have been designed to show a similar pharmaco-
logical profile to clozapine without its severe hae-
matological adverse effects (agranulocytosis). They
can be classified into different chemically defined
groups: thienobenzodiazepines (e.g. clozapine and
olanzapine); dibenzothiepines (e.g. quetiapine and

Drug Safety 2001; 24 (1)
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Table I. Pharmacological profile of different atypical antipsychotics in relation to the calculated average monthly bodyweight gainf34512

Drug M1 D1 D> 5-HT2a 5-HT2¢ Hi 5-HT2/D>  Average monthly
bodyweight gain (kg)
Olanzapine +Ht+ +++++ ++++++ e+ +H++++ +++++ 0.90 2.28
Zotepine +H+++ +++++ ++++++ +H++++ +H++++ +++++ 0.18 2.28°
Quetiapine ++++ ++++ ++++ +H+++ ++++ +++ 1.18 1.76°
Clozapine I o+ o+ +H+t+t +++++ +++++ 0.11 1.72
Risperidone ++ o+ -+ o+ +++++ ++++ 0.88 0.96
Ziprasidone + ++++ +++++4+ +H++++ ++++++ ++++ 0.12 0.80°

a Receptor affinity (Ki values in mol/L): + = 10°%; ++ = 102, +++= 1073, ++++= 10 +++++= 105, ++++++= <10°9).

b Data from only 2 studies.
c Data only from studies with treatment duration < 8 weeks.

5-HT = serotonin (5-hydroxytryptamine) receptors; D = dopamine receptors; H = histamine receptors; M = muscarinic acetylcholine receptors.

zotepine); benzisoxazoles (e.g. risperidone); and oth-
ers (e.g. ziprasidone).

2. Problem of Bodyweight Gain

Increasingly, bodyweight gain is becoming re-
cognised as a problematic adverse effect of atypical
antipsychotics. However, an increase in bodyweight
is a known adverse effect of many psychotropic
drugs, particularly antipsychotics,[6-1% put the con-
ditions of occurrence remain widely unknown.
Thisreview isfocused on the following issues. com-
parison of the frequency, amount, and time frame of
bodyweight gain of different atypical antipsychot-
ics; characterisation of high risk groups; and the
possible underlying pathomechanisms.

3. Literature Search

Publications concerning bodyweight gain and
the atypical antipsychotics clozapine, olanzapine,
quetiapine, risperidone, ziprasidone, and zotepine
were searched for using the database MEDLINE
(from 1966 to March 2000). In an ‘ ancestry analysis
additional studies were obtained from the bibliog-
raphies of articles retrieved through the MEDLINE
search.

4. Methodological Problems
Associated with Comparison of Studies

The comparison of the different studiesinvesti-
gating bodyweight gain during treatment with a-

0 Adis International Limited. All rights reserved.

typical antipsychoticsishampered by somecrucial

methodological problems:

e study design (e.g. chart reviews, prospective or ret-
rospective studies, randomised or open label stud-
ies and noncomparative or controlled studies)

« different recruitment procedures(e.g. highly se-
lected samples, i.e. nonrespondersto typical an-
tipsychotics, inpatients in state hospitals)

e variation in patient characteristics (e.g. initia
bodyweight and age)

« theuseof different measuresfor bodyweight gain
[e.g. Ibs or kg, percentage bodyweight change,
body-mass-index (BMI) or percentage thereof]

« presencesof co-medication (often only mentioned
in general terms)

o different duration of therapy.

The number or proportion of patientswithdraw-
ing from therapy or excluded from the study isre-
ported in only afew studies. Furthermore, a com-
parison of the various drugsis limited by the lack
of well accepted equivaent dosages. Moreovey, it is
an open question as to how much bodyweight gain
isclinicaly relevant, since there is some evidence
that patientswith schizophrenia, particularly wom-
en, are more often obese than individuals without
schizophreniall1-13 Inview of spontaneous changes
in bodyweight under different conditions[e.g. hos-
pitalisation, depressive mood with low appetite, ir-
regular food intake attributable to acute psychosis
(thoughts of being poisoned)] an increase of more
than 3kg or 25% within 12 weeks can be consid-
ered clinically relevant. However, it will be more

Drug Safety 2001; 24 (1)
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promising to calculate the increase as percentage
of the BMI. Unfortunately, in most studies men-
tioned in this review, these measures are not given
or cannot be calculated by the data presented.

5. Comparison of the Different
Atypical Antipsychotics

5.1 Clozapine

Much clinical dataon bodyweight gain hasbeen
documented for clozapine (table 11).[9.1012.14-2451-53]
Theincrease of bodyweight wassignificantly high-
er and occurred more frequently in patients receiv-
ing clozapine than those being treated with thetyp-
ical antipsychotic drug hal operidol under the same
conditions.[820.21] However, in many studies only
patients with chronic schizophrenia whose condi-
tion had not responded to typical antipsychoticswere
included, so that these data could not be general-
ised.[1518-22.25] Fyrthermore, the duration of treat-
ment in many of these follow-up studieswas rather
long compared with investigationsinvolving other
atypical antipsychotics (=52 vs<12 weeks).[1921.22]
Thus, in order to avoid bias attributable to the very
different recruitment procedures, studieswith such
different designswere not compared in thisreview.
However, there are also some data which show a
marked increase in bodyweight after some weeks of
treatment in patients treated with clozapine who
were not highly selected.[%1416.17] The data com-
piledintablell suggest that bodyweight gain rough-
ly correlates with the duration of treatment, partic-
ularly in the first 12 weeks of clozapine therapy.
Thereafter, the increase in bodyweight abates.[19.20]
The proportion of patients who are effected israth-
er high. More than 20% of all patients treated with
clozapine experienced a bodyweight increase of
more than 10% from baseline to follow-up at 12
weeks to 1 year.[10.16.18.20] Comprehensive statisti-
cal evaluationd™! aswell as clinical comparisong ¥l
revealed that of all atypical antipsychotics clozap-
ineinduces the most pronounced bodyweight gain.
There are some studies/16:18-20 showing a marked
increase of bodyweight during clozapine therapy,
e.g. after 52 weeks treatment with clozapine, 20%

0 Adis International Limited. All rights reserved.

of patients gained at least 20% over their baseline
bodyweight,[16] and a case report showing a body-
weight gain of up to 20kg within 2 months of cloz-
apine treatment.[52

5.2 Olanzapine

Olanzapine like clozapine has a pleotrophic phar-
macology and affects the dopaminergic, serotoner-
gic, muscarinic and adrenergic systems (seetable ).
Some recent studieg/10.14.25-3454.55] renorted a sig-
nificant increase in bodyweight in patients with
schizophrenia treated with olanzapine (see table I1).
Bodyweight gain was more frequent and higher in
patients treated with olanzapine than those receiving
hal operidol[27:34] or risperidone (BM 1 within 8 weeks
+1.3 vs 0.7 for olanzapine and risperidone, respec-
tively)[29 under the same conditions. In a double-
blind study, an association between bodyweight
and increasing olanzapine dose was found, but no
details were mentioned.[>¥ Thereis some evidence
that olanzapine also induces marked bodyweight in-
crease in children and adolescentd® (table l11).

5.3 Quetiapine

In anumber of double-blind studies,!3>41 body-
weight gain (= 7%) occurred in 11 to 25% of the
patients treated for 6 to 8 weeks with quetiapine
compared with 4 to 5% of patients receiving pla-
cebo.[35:38.39 Whilein 1 study,3% the mean body-
weight gain was 5.5kg after 6 weeks of treatment,
in most other studiesthe mean bodyweight wasless
than 2kg.[36:3741] Thus, the availabl e results concern-
ing bodyweight changes during quetiapine treatment
showed awide variation in the extent of bodyweight
gain. However, the bodyweight gain that occurs
during quetiapine treatment is higher than the gain
occurring during haloperidol and placebo treat-
ment.[35-3941] Thereissome evidencefrom 1 studly!56l
with arather small nhumber of patients (n = 6) that
children and adol escents al so experience an increase
in bodyweight during quetiapine treatment.

Drug Safety 2001; 24 (1)
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Table Il. Comparison of studies describing bodyweight gain in adults attributable to treatment with atypical antipsychotics

Drug Study Patient N (% of men)  Mean age (y) Dosage Duration of 9% of patients Definition ~ Mean Bodyweight Reference

design  group + standard (mg/day) study (wks) + with of bodyweight gain gain (%)
deviation standard standard bodyweight  bodyweight (kg) + standard
deviation deviation gain gain deviation

Clozapine ol SD, IP 11 37+19 251 +177 4 ND ND 2.3 3.3 14
r SD, IP 29 36+12 379 £ 245 5+4 45 >5% 3.1+37 4.1 9
db2 SD,NR, C 43 (74) 36+12 291 8 37 ND 2.7 35 15
db SD, OP 19 ND 410 + 46 10 followed 58 (at 52 210% 5.3 7.0 16

by 52 (ol wks)
follow-up
study)
ra SD, C 99 (42) 38+12 ND 12+ 20 >10% 5.3 4.1 17
ol SD,NR,IP 21 (62) 33 125 16 38 >10% 6.3 8.9 18
r SD, C, IR, 36 (75) 35+9 380 £ 135 26 75 > 4.5kg 7.0 10.6 12
NR 42 >9.0kg
r SD, IP 20 (100) 43+1 ND 27+8 45 210% 6.9+0.8 8.8 10
ol SD,NR, IP 51 (61) 40+ 14 ND 52 70 (of the ND 3.6 (wk 12); 10.6 19
& OP men) 7.5 (wk 52)
ol SD, NR, IP 31 31+11 241 +138 12 (followed 36 10% 3.5+4.6 (wk6) ND 20
& OP by 52)
ol SD, NR 20 (65) 39+9 206 + 44 52+ 32 >5kg ND ND 21
r SD, NR 96 (59) 33+10 440 + 180 88 ND ND 4.7 6.9 22
ra NS & SD, OP 121 (37) 42 +16 131+99 128 +£172 23 ND ND ND 23
ra SD & PY, IP 216 (85) 37 Mean 317 132 (range 11to 13 ND ND ND 24
26 to 600)

Olanzapine db, pc2 AM 70 (52) 40 Mean 15 3 ND ND 1.7 (-0.4 for PL) ND 25
ol SD 8 266 14+ 4 4 ND ND 3.9 5.8 14
db? SD 102 (75) 38 and 39 1 and 10 6 ND ND 2.2 (10 mg/day) ND 26
db2 SD 1312 38+11 13.2+5.8 6 ND ND 1.9 ND 27
db2 SD 196 (54) 39+12 11559 6 ND ND 5073 6.5 28
db2 SD 189 39 12.4 8 ND ND 3.9 6.5 29
ol SD & PY,IP 25 (84) 38+12 13.8+4.4 12 48 >5kg 5.4 6.3 30
ol BAD 14 ND 141+7.2 15 (range 4 14 ND ND ND 31

to 31)
r SD & PY 16 45 (range 24 to 14 (range 10 28 (range 8 94 27% 10.0 (range 4 12.2 32
75) to 30) to 40) to 25.4)
db2 SD 172 (65) 36+11 17.2+3.6 28 ND ND 41+59 ND 33

Continued next page
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Table II. Contd.
Drug Study Patient group N (% of men) Mean age (y) + Dosage Duration of % of patients Definiton ~ Mean Bodyweight Reference
design standard (mg/day) + study (wks) + with of bodyweight gain gain (%)
deviation standard standard bodyweight bodyweight (kg) + standard
deviation deviation gain gain deviation
r SD, IP 13 (100) 45+1 ND 73+10 31 210% 6.8+1.0 8.8 10
dbP SD¢ 2418 ND ND Range 1 to 40 27% ND ND 34
175
Quetiapine db, pc®@ SD,C, IP 54 (89)[550n 36+9(37+8for 307 (range75 6 25 (4for PL) 27% 5.5(0.5forPL) ND 35
PL] PL) to 750)
db2 SD, IP 221 37+10 455 (range 6 ND ND 1.9 ND 36
150 to 750)
db2 SD 101 32+10 Range 100to 6 27 >7% 1.8 ND 37
750
db, pc@  SD, IP 258 (51 on PL) Range 35t0 39  Range 75to 6 11to 17 (4 >7% Range 0.9t0 2.9 ND 38
P:51 750 for PL)
db, pc@  ND 190 (76) 36+9 <250 6 16 7% ND ND 39
37+9 <750 25 (5 for PL)
db SD, IP 618 Range 36 to 37 Range 50 to 6 50mg=7 ND ND ND 40
450 300mg = 13
450mg = 14
db2 SD, IP 143 38+11 600 8 ND ND 1.4 ND 41
Risperidone r SD, A, IP 15 35+14 53 4+2 40 >5% 15+29 2.4 9
db SD,C 1136 38 Rangel1to 12 8 ND ND 0.3 (1 mg/day); ND 42
1.6 (8 mg/day)
db2 SD 188 41 4.8 8 ND ND 2.0 2.4 29
db, pc ND 11 ND Range2to 16 8 ND ND 28+4.2 3.9 43
db2 SD,NR, C 43 (67) 38+13 6.4 8 23 ND 1.1 ND 15
db SD,C 55 (73) 38 Range5t0o 15 8 39 ND ND ND 44
db SD,CIP 21 (71) 37 (range 21 12+1 12 ND ND 2.0 2.8 45
to 66)
old NR, IP 33 (70) 51 (range 25 5.1 26 9 ND ND ND 46
to 66) 1-8
r SD, IP 38 (100) 44 +1 ND 26+ 6 13 >10% 5.0+0.6 6.4 10
db2 SD 167 (65) 36+11 72127 28 ND ND 23+48 ND 33
db SD 177 40+ 11 ND 51 ND ND 2.3 2.8 47

Suiiazzopm
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Table 2 Cont.

0 Adis International Limited. All rights reserved.

5.4 Risperidone

Double-blind studieswith risperidone produced
varying results.[42-47.63-66] | n g Finnish study, 54 no
relevant changes in bodyweight occurred in pa-
tientswith acute schizophreniatreated with risperi-
done. However, in another Scandinavian study,!#4!
39% of patientswith chronic schizophreniagained
bodyweight after 8 weeks of treatment with risper-
idone; thiswasabout the twice thenumber of patients
who increased in bodyweight while receiving per-
phenazine. In a Belgian study of patients with
chronic schizophrenia, [ the mean bodyweight of
patients treated with risperidone for 12 weeks in-
creased by 2kg which was similar to the increase of
1.4kg seen in patients treated with haloperidol. In
further studies of risperidone in patients with
chronic schizophrenia no significant changes in
bodyweight were observed.[47:63 However, ameta-
analysi<'%6! showed that bodyweight gain occurred
more frequently in the patients receiving risperi-
donethan in the patients receiving typical antipsy-
chotics (31.2 vs 22.7%). Bodyweight increase has
been shown to correlate with the prescribed dosage
of risperidone.[*2 Comparisons between risperi-
done and clozapinel®10.131 or ol anzapinet10.33 dem-
onstrated significantly lower bodyweight gain in
the risperidone recipients. Some reports have indi-
cated a high risk of children and adolescents gain-
ing bodyweight during treatment with risperi-
donel46:57-62] (table I11). A study,[%! using monthly
BMI measurements, demonstrated a significantly
higher bodyweight gain in adolescentstreated with
risperidone than in those receiving typical antipsy-
chotics or placebo.

5.5 Ziprasidone

There is a paucity of studies referring to body-
weight changes during ziprasidone treatment. In 2
placebo-controlled trials involving patients with
acute schizophrenia or schizoaffective disorders
treated with different dosages of ziprasidone (40to
160 mg/day) only slight changes in bodyweight
have been reported.[4849] However, the duration of
these studies was rather short (449! and 61481 weeks).

Drug Safety 2001; 24 (1)
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Ziprasidone db, pc@  SD,A [106 (80 37 (80 mg/day); 80 and 160 6 ND ND 1 (80 mg/day);
mg/day); 104 36 (160 mg/day); 0 (160 mg/day);
(160 mg/day); 39 (PL) 0 (PL)
92 (PL)] (72)
db, pc@  SD, A, IP 44 (40 41 (40 mg/day); 40 and 120 4 ND ND 1 (40 mg/day)

mg/day); 47 39 (120 mg/day);
(120 mg/day); 39 (PL)

48 (PL)
Zotepine SD, A, IP 19 35+14 228 + 126 5+2 63 25% 43£43
dba SD, A, IP 63 (48) 39 Range 150t0 8 ND ND 2.3

300

6.3
ND

48

49

50

a Psychotropic co-medication mentioned.
b Combination of results from 4 studies.
¢ For 487 of the trial participants their condition was acute and they were treated as inpatients; no other details were provided for the remaining patients.

A = acute; AM = acute mania; BAD = bipolar affective disorder; C = chronic; db = double-blind; IP = inpatients; ND = no data; NR = nonresponder to typical antipsychotics; NS =
patients without a schizophrenic or schizoaffective disorder; ol = open label; OP = outpatients; PL = placebo; pc = placebo-controlled; PY = patients with other psychoses; r =

retrospective; SD = patients with a schizophrenic or schizoaffective disorder.
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Table 3
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5.6 Zotepine

Only afew studies referring to bodyweight chan-
ges during zotepine treatment have been performed
to date.[9:50.67 These studies showed a marked in-
crease of bodyweight during zotepinetreatment, up
to 17kg within 6 weeks.[8”] The bodyweight gain was
significantly higher in patients treated with zotep-
ine than in patients treated with hal operidol .[9:50]

6. Bodyweight Gain in Relation to
Pharmacological Properties

However, although some comparative stud-
ied9.11.60] have demonstrated asignificantly higher
frequency and amount of bodyweight gain in pa-
tients with schizophrenia treated with an atypical
antipsychotic than in those receiving atypical an-
tipsychotic, the induction of bodyweight increase
by atypical antipsychoticswill bemore convincing
if some basic pharmacological criteriaare met:
¢ adose—€ffect relationship
« onset of bodyweight gain after the administration

of the atypical antipsychotic drug.

6.1 Dose-Effect Relationship

Unfortunately, there are alack of datato prove a
relationship between the dosage of atypical anti-
psychotic and bodyweight gain, since only some
studies reported results that confirm this associa-
tion.[9:34.38-4042.50] Bodyweight increase is associ-
ated with the prescribed dosage of olanzapine®4 and
risperidone, 42 whilethe results of quetiapine stud-
ieg/38-40] show no strong association.

6.2 Onset of Bodyweight after the
Administration of an Atypical
Antipsychotic Drug

Only afew of the cited studiesg/1014.18.19,2850,51,67]
reported a baseline bodywei ght measurement prior
to the prescription of an atypical antipsychoticl9
therefore enabling the trial to show clear evidence
of an induction of bodyweight increase by the ad-
ministered atypical antipsychotic medication.
Double-blind, placebo-controlled studies with
olanzapine,!3¥ quetiapine,!3>38:39% and also risper-

Drug Safety 2001; 24 (1)
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Table Ill. Comparison of studies describing bodyweight gain in adolescents and children in the treatment with atypical antipsychotics

Drug Study  Patient group N (% of Mean age (y) £ Mean dosage Duration of % of patients  Definition of Mean Mean Reference
design males)  standard deviation (mg/day) + study (wks) with body- bodyweight bodyweight bodyweight
standard deviation weight gain gain gain (kg) gain (%)
Olanzapine ol DD 8 20.9 (range 5t042) 7.8+ 4.7 12 75 ND 8.3 13.2 55
Quetiapine ol AD 6(100) 109+3.3 Range 100 to 350 Range 4to16 50 >2kg 2.3t08.2 ND 56
Risperidone ol AD 11 (100) 18.3 (range 6 to 34) ND 4 ND ND 1.8 ND 57
ol AD 6 7.3 11 8 ND ND 1.6 (range 5.8 58
0.5t03.1)
ol TD 7(71) 129+1.9 1.5 (range 1to 2.5) 11 100 ND Range 3.6 ND 59
t0 6.4
ol AD 18 (84) 10.2+3.7 18+1.0 12 67 ND 8.1+3.4 ND 60
(range 4.5
to 16.0)
r AD(n=15)& 18(61) 14.1+5.4 2.8 (range0.5t0 26 50 BMI210% 8.6+7.0 ND 61
DD (3) 10)
r SD(n=5),AD 38(84) 10.6(range5to17) 2.5(range 0.5to0 60 (range 4to 100 ND 10.4 27.3 62

(12), DD (8) &
0 (13)

10)

140)

AD = autistic disorders; BMI = body mass index; db = double-blind; DD = developmental disorders; ND = no data; O = other disorder; ol = open label; r = retrospective chart re-
view; SD = patients with schizophrenic or schizoaffective disorders; TD = tic disorders.

99
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idonel*3 showed that bodyweight gain occurred
significantly more frequently in patients receiving
the atypical antipsychotics than in patients receiv-
ing placebo. These results support an association
between induction of bodyweight gain and treat-
ment with an atypical antipsychotic. Indirect support
for this issue would be given by the relationship
between the time of administration and the increase
in bodyweight in patients treated with atypical an-
tipsychotics. The last 2 columns of data presented
in table Il suggest such an association for at least
the first 26 weeks of treatment.

In summary, although a comparison is severely
limited by the different designs and recruitment
procedures of the reviewed studies, the available
data support the notion that the frequency as well
as the amount of bodyweight gain is high in adult
patients treated with 1 of the following drugs: ol-
anzapine, clozapine, quetiapine and possibly zote-
pine. Moderate changes of bodyweight have been
observed in adults during treatment with risper-
idone. Thereis some evidence that risperidone and
olanzapine a so induce marked bodyweight gainin
children and adolescents. The available studies
suggest that risperidone produces less bodyweight
gain in adults than in children. The few available
data concerning ziprasidonel“849 show no signifi-
cant bodyweight changes within the first 6 weeks
of treatment. These considerationsagreewith com-
prehensive statistic evaluationd! as well as with
some clinical comparisons.[9:10]

7. Pathophysiology of Bodyweight
Gain During the Medication with
Atypical Antipsychotics

Many hypotheses have been suggested to ex-
plain the high rate of bodyweight gain in patients
with psychiatric disorders during treatment with
atypical antipsychotic drugs. However, it hasto be
mentioned that in some studies a remarkable pro-
portion of the patients investigated lost bodyweight
(5.0 to 30.6%),[19:344244] \while under the same
conditions another subgroup significantly gained
bodyweight (33.3 to 40.5%).[19:34.42:44]

0 Adis International Limited. All rights reserved.

7.1 Effect of Study Design or
Recruitment Procedure

As in most of the cited studies only inpatients
were investigated, the effects of institutionalisa-
tion must betaken into cons deration. | npatient treat-
ment often leads to reduced activity, especidly in
patients who were overactive before. However, no
correlation between the level of physical activity
and patients’ bodyweight could be found.[1868] Ad-
ditionally, meals are served regularly and food in-
take is controlled by the staff in the institutional
setting. This setting may explain bodyweight gain,
particularly in patients who neglected their food
intake before because of illness. However, the effects
of hospitalisation cannot sufficiently explain the
differential effects of the various antipsychotic
medi cations.

Moreover, patients with paranoid schizophre-
nia, who are often overactive and restlessor restrict
their food intake because of thoughts of being poi-
soned, should gain more bodyweight than patients
with residual schizophrenia, who in contrast, often
experience slowness and lack of drive. Unfortu-
nately, there are very few data concerning thisis-
sue. However, patientswith residual schizophrenia
often experience obesity.[913 So in patients with
schizophrenia, bodyweight changes may be attrib-
utableto the present symptomatol ogy (e.g. inactive
lifestyle or thoughts of being poisoned). Thus, this
raisesthe question of whether bodyweight increase
during medication with atypical antipsychotic oc-
curs more frequently in patients with schizophre-
nia than in patients with other psychiatric disor-
ders. Thefew published dataon patientswith other
diagnoses such as bipolar-affective disordert3! or
mania?®! have yielded no conclusive results.

7.2 Effect of Specific Pharmacological
Profile of Atypical Antipsychotics

Inview of the differential drug effects on body-
weight as presented in this review the pharmacol og-
ical profile (seetableI) of the administered antipsy-
chotics has to be taken into consideration:

« antagonistic effects on dopamine receptors
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e anticholinergic effects
« antihistaminergic effects
« antagonistic effects on serotonin receptors.

Itis noteworthy that in nearly all cited studiesa
psychotropic co-medication (e.g. lorazepam or other
benzodiazepines) was allowed (as indicated in ta-
blesIl and I11). However, there was no evidence that
concomitant medication has any influence on body-
weight gain.[20:2450.60]

7.2.1 Antagonistic Effects on Dopamine Receptors

The antagonistic effect of the atypical antipsy-
chotic on the D, receptor is considered to be most
important in producing an anti psychotic effect. How-
ever, positron emission tomography studies®? re-
vealed that some atypical antipsychotics, such as
clozapine, show only amoderate occupation of the
D, receptor in vivo (<70%), athough they are well
documented to increase bodyweight. Thus, thereis
no clear evidence that bodyweight gain corresponds
with the D, receptor affinity of these agents al-
though dopamine receptors are considered to be
involved in feeding regulation.

7.2.2 Anticholinergic Effects

Many drugs that have an anticholinergic effect
may induce adry mouth and thereby stimulate thirst.
Therefore, patients complaining of adry mouth may
drink excessively. If they consume large quantities
of high calorie drinks, they may gain bodyweight.
Receptor studies revealed that clozapine, olanzap-
ine, and zotepine have a high affinity at the musca-
rinic acetylcholine M, receptor. However, thus far
no relationship between bodyweight gain and an
anticholinergic co-medication (like biperidene) has
been found in studies with typical antipsychotics
or with clozapine.[?4l Although clozapine has a high
affinity for M1 receptors, it frequently causes hy-
persalivation. The underlying mechanism remains
unclear (possible effect on M4 receptors?).

7.2.3 Antihistaminergic Effects

Some atypical antipsychotics like clozapine,
olanzapine, quetiapine, and zotepine show a high
affinity for the histamine H, receptor (tablel). These
agents have sedative effects. Sedation may induce
bodyweight gain by reduced mobility, if caloriein-
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take is not decreased. The relative receptor affinities
of the atypical antipsychotics for the Hy receptor
appear to be arobust correlate of bodyweight gain.

7.2.4 Antagonistic Effects on Serotonin Receptors

As serotonin plays an important role in the reg-
ulation of appetite and food intakel86872 serotonin-
antagonistic effects are discussed in the literature
to explain bodyweight changes related to antipsy-
chotic treatment.[89101 Drugs with a serotonergic
effect such as fenfluramine or fluoxetine can in-
duce a decrease in bodyweight.[’374 However, it re-
mains speculative as to which serotonin receptor
typeisresponsible for stimulating food intake and
bodyweight gain. Animal experiments revealed a
prominent role of the 5-HTy. receptor in the regu-
lation of food intake.[”>76] In human studies some
patients reported increased appetite during the
treatment with an atypical antipsychotic drugssuch
as olanzapine, %5271 while some others complained
of adecreased appetite.[2745] However, some stud-
ied6.9.1014 showed a marked bodyweight gain pre-
dominately in patients treated with antipsychotics
that have an antagonistic effect onthe 5-HT, recep-
tor.

In summary, antipsychotics that have an antag-
onistic effect on the D, as well as 5-HT, receptor
as indicated by alow 5-HT, to D, ratio and/or an
antihistaminergic effect frequently induce body-
weight gain.

7.3 Other Factors Contributing to
Bodyweight Gain Possibly Induced
by Atypical Antipsychotics

Some studies revealed that most atypical antipsy-
chotics, particularly clozapine,[1”] olanzapine,[34
quetiapine,[36:39 risperidone,[4266] and al so zotep-
inel®A show frequent gastrointestinal adverse ef-
fects, particularly constipation, and upper gastro-
intestinal symptoms, reflecting the high affinity of
these drugs for cholinergic receptors. Constipation
may lead to bodyweight gain, but up to now there
is no support for such an association.

Moreover, thereis some evidence that olanzapine
and clozapine are associated with de novo diabetes
mellitus in persons with risk factors for diabetes
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mellitus7”-78l and with severe exacerbation of pre-
existing diabetes mellitus. Clozapine seemsto in-
duce glucose intolerance or elevated insulin serum
levels, more frequently than typical antipsychot-
ics.[”?] However, the change in glycaemic control
caused by clozapine was not significantly related
to bodyweight gain.[8%

Some recent studies have shown that clozap-
ine,[77:801 olanzapine,[* and ziprasidonel“® may
induceanincreasein serumtriglyceridelevels. There
was a strong association between bodyweight
change and the changeintriglyceridelevel 139 Zip-
rasidone treatment may also be associated with an
increase in the plasma level of cholesterol.[48:49]
However, up to now there are no studies clearly in-
dicating an association between bodyweight gain
and increased serum levels of cholesterol or trigly-
cerides induced by atypical antipsychotics.

Two recent studies1481] reveal ed that clozapine
and olanzapineincreasethe serum leptinlevelssig-
nificantly. Leptin is produced by fat cells and is
presumed to signal the size of the adipose tissue to
the brain. Overeating is associated with elevated lep-
tin secretion. Thus, the increased secretion may
have an important impact on bodyweight gain in pa-
tients treated with atypical antipsychotics.

7.3.1 Smoking

Approximately 80% of individualswith schizo-
phrenia are smokers.[82 The cessation of smoking
is strongly associated with bodyweight gain. Thus,
thequestion israised asto whether changesin smok-
ing habits induced by use of a prescribed antipsy-
chotic contribute to bodyweight gain during treat-
ment with an atypical antipsychotic. Thereissome
evidence that clozapine may alter smoking behavi-
our in patients with chronic schizophrenia.[83.84 A
significant decrease in reported daily cigarette use
was observed during clozapine treatment;[83] such
adecrease might contribute to bodyweight gain. Un-
fortunately, no data on the effect of other atypical
antipsychotics on smoking habits are available thus
far. However, areduction in cigarette smoking in-
duced by atypical antipsychotics may be animpor-
tant contributing factor for bodyweight gain in these
patients.
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8. Timeframe of Bodyweight Gain

A very serious question in context with body-
weight gain of patients treated with atypical anti-
psychotics is whether there is correlation between
the increase in bodyweight and the duration of treat-
ment. In view of the importance of thisissue, the
dataintables!l and 111 have been presented accord-
ing to the duration of treatment. Bodyweight gain
most frequently occurred in the first 4 to 12 weeks
of treatment(16.19.20] (see also tables Il and 111 for
additional references). However, afurther increase
in bodyweight (maximum 30%) was observed dur-
ing long term follow-up.[16:19.20] |n particular, pa-
tientstreated with clozapineand ol anzapine appeared
to gain bodyweight over a prolonged period of
time, whereas patientstreated with risperidone had
amore limited period of bodyweight gain.[1%

9. Relation to Treatment Benefit

A very important question iswhether treatment
benefit is related to bodyweight gain.[8% Some au-
thorg!16:18.201 nated a tendency for an inverse cor-
relation between bodyweight gain during clozap-
ine treatment and reduction of the Brief Psychiatric
Rating Scale (BPRS) score. Similar results were
reported for olanzapine. 60% of the patients gaining
bodyweight during olanzapine treatment also had
a reduction in their BPRS score.32 However,
bodyweight gain was not significantly correlated
with improvements in either positive or negative
symptoms.[18l Nevertheless, in the pre-antipsy-
chotic era bodyweight gain was often considered
as indicator of amelioration in patients with
schizophrenia.

10. Possible At-Risk Groups

In view of the fact that not al patients treated
with atypical antipsychotics gain bodyweight, pos-
sible risk factors have to be evaluated. No age or
gender difference wasfoundin studies of olanzap-
ine.[27:34 Moreover, some authors!1953] found that
gender, age, and duration of illnessdid not predict
bodyweight gainin patientstreated with clozapine
at follow-up after = 12 months, while bodywei ght
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increase withinthefirst 3 months of treatment cor-
related with bodyweight gain at 12 months.

Asshown in table |1, children are also at risk
of gaining bodyweight. There is some evidencel®
that previously treated patients gain bodyweight
significantly more frequently than those patients
who have not previously received an antipsychotic.
Moreover, those patients observed for more than 1
treatment episode show a lower increase in body-
weight in later treatment episodes.[¥) However,
older patients with schizophrenia (>55 years) also
gain bodyweight during clozapine treatment.[86]

In some studies, 9202734 |ower bodyweight at
the beginning of the treatment had a significant in-
fluence on bodyweight gain; bodyweight increase
was most marked i n those patientswho were under-
weight at the beginning of treatment. However, no
correlation between BMI at baseline and body-
weight gain was found in another study.!1!

11. Therapeutic Interventions

Since on the one hand there is some evidence
for an association between therapeutic efficacy and
bodyweight gain, and on the other hand obesity often
causes manifold medical consegquences, approach-
es for therapeutic interventions against bodyweight
gain during the treatment with atypical antipsy-
chotics are much needed. Unfortunately, only a
few investigationg/10:19.61.87] showing the course of
bodyweight gain and the efficacy of therapeuticin-
terventions are avail able up to now. Despite behav-
ioural interventions (e.g. nutritional consultation,
suggested exercise regimen) bodyweight gain with
clozapine, but not olanzapine or risperidone, ap-
pearsto persist.l1% Thus, further strategiesto man-
age bodyweight gain induced by antipsychotic med-
icationl®”] have to be investigated in future trials.

Apart from cognitive-behavioural interventions
requiring a high compliance by the patient, phar-
macological interventions should be considered.
The serotoninergic agent fenfluramine was admin-
istered to patients with schizophrenia who were
obese and bodyweight reduction was achieved.[88]
Perhapsthe combination of an atypical antipsycho-
tic and a serotonin reuptake inhibiting drug which is
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frequently prescribed to treat predominately nega-
tive schizophrenic symptoms may help to avoid se-
vere bodyweight in patients with chronic schizo-
phrenia. However, no data are available. From a
theoretical view these combinations may lead to a
reduction in antipsychotic efficacy, since the anti-
serotonergic activity which is considered to ac-
count for the* atypical’ effects of some antipsycho-
tics may be antagonised by the serotonergic action
of serotonin reuptake inhibitors or fenfluramine.

12. Complications

There is some evidence that many patients with
chronic schizophrenia experience obesity,[811
which is associated with an increase in morbidity.
Obesity is well known to be strongly associated
with numerous health problems such as hyperten-
sion, heart disease and diabetes mellitus.9 Even
small amounts of bodyweight gain can lead to se-
rious health issues over time.[® Since patients with
schizophrenia often show abnormal behaviour
(such as excessive smoking, alcohol and substance
abuse, and lack of exercise) the question must be
raised as to whether bad dietary habits contribute to
bodyweight gain. Thiscritical question challenges
further investigations. However, bad dietary habits
cannot sufficiently explain the differential effects
of various antipsychotic medications on body-
weight. Moreover, only aproportion of the patients
treated with atypical antipsychotics reported in-
creased appetite during the medication.[27:34.53]

Bodyweight gain associated with the use of
atypical antipsychotics not only can contribute to
the onset of secondary problemsfor patients, but also
may lead to noncompliance, another factor that can
put patients at risk.[91 Thus, thereis a‘therapeutic
dilemma’ in planning treatment strategies for pa-
tients with schizophrenia: the high risk of body-
weight gain during the therapy with atypical anti-
psychotics on the one hand, the high risk of severe
EPS during therapy with typical antipsychoticson
the other hand. Both adverse effects frequently oc-
cur early in treatment and can reduce patients' com-
pliance, particularly for long term treatment. Asis
known from the experience with lithium treatment,
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bodyweight gain is associated with a high rate of
refusal of any further medication.[9 M oreover, com-
pliance with prescribed antipsychoticsis generally
rather |ow.[%]

13. Future Studies

The recent data strongly suggest an association
between atypical antipsychotics and bodyweight
gain, but some important issues need further eval-
uation. Thus, future studies with atypical antipsy-
chotics should be planned in order to provide fur-
ther data on the following questions.

* Areyounger patients at increased risk of body-
weight gain?

« Areindividuals who are antipsychotic-therapy
naive at increased risk of experiencing body-
weight gain?

« |Is bodyweight gain associated with the degree
of therapeutic benefit?

« Which interventions are effective in reducing
bodyweight gain induced by an atypical anti-
psychotics?

¢ |s there an association between bodyweight
gain and leptin, insulin or growth hormone se-
rum levels or the serum concentration of the a
typical antipsychotics?

Furthermore, it seemsworthwhiletoinvestigate
if atypical antipsychoticswith abodyweight gain—
inducing effect could be used in the therapy of pa-
tients with eating disorders.

14. Conclusions

This comparative review shows that clozapine,
olanzapine and quetiapine induce an increase of
bodyweight to a higher amount and more fregquent-
ly than risperidone. The few available data con-
cerning ziprasidone and zotepine and bodyweight
gain areinsufficient to draw final conclusions, but
there is some evidence that, apart from ziprasi-
done, all atypical antipsychotics can induce body-
weight gain. Bodyweight gain most frequently oc-
curswithinthefirst 6 to 12 weeks of treatment with
an atypical antipsychotic. Someevidenceindicates
that patients, particularly young patients, who are
underweight at the beginning of treatment are at in-
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creased risk of experiencing bodyweight gain, if
treated with atypical antipsychotics. Bodyweight
gain induced by atypical antipsychotics seems to
belargely irreversible without use of arigorous diet.
In view of the high rate of medical complications
associated with obesity, patients treated with atyp-
ical antipsychotics should be weighed at least ev-
ery 2 weeks. If bodyweight gain occurs (>2kg within
2 weeks), a strict dietary regimen should be initi-
ated immediately.
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