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Abstract Antipsychotic medication is the mainstay
of treatment for functional psychotic illnesses. However,
for some patients weight gain and the disturbances in
blood-lipid levels and glucose balance associated with
their use are significant disadvantages, and pose health
risks that may affect prognosis. A substantial body of ev-
idence suggests that weight gain is at least partly related
to the blocking effects of antipsychotic medication on
serotonin- and histamine-mediated neurotransmission.
The disadvantages associated with weight gain can be
reduced by an appropriate choice of antipsychotic and
avoidance of polypharmacy, by regular monitoring of
the patient’s weight, and, if necessary, by the patient’s
participation in a dieting programme.
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Introduction

The choice of drug to treat a patient with psychosis is
one of the most critical clinical decisions. The conven-
tional antipsychotics, which have been used since the
early 1950s, remain effective, especially for the treatment
of delusions and hallucinations, and when used regu-
larly, for the prevention of occurrence of new psychotic
episodes. However, some 20-30% of schizophrenia pa-
tients respond only partly, or not at all, to conventional
antipsychotics [1]. In addition, their use is often associ-
ated with various neurological and other kinds of ad-
verse effects, which may have negative effects on com-
pliance, quality of life and prognosis.

Recent years have seen the development of new an-
tipsychotic compounds with fewer neurological adverse
effects and more extensive effects on various psychotic
symptoms. These second-generation antipsychotic
medicines (such as clozapine, olanzapine, quetiapine,
risperidone, sertindole and ziprasidone) are a heteroge-
neous group of compounds that have proved more ef-
fective than conventional antipsychotics for the treat-
ment of negative, affective and cognitive symptoms
associated with psychoses [1]. Because they are better
tolerated, their use has markedly increased over the last
years.

Antipsychotic medication is often used for long peri-
ods, years or decades, which makes long-term tolerabil-
ity particularly important. Weight gain and metabolic
disorders are associated with psychoses independently
[2] and also with antipsychotic therapy with conven-
tional antipsychotic medicines and clozapine. Recently,
attention is increasingly being paid to weight gain asso-
ciated with the use of the new second-generation an-
tipsychotic medicines [3]. Weight gain can affect patient
compliance, impair quality of life and lead to withdrawal
from social contact [4].

Long-term weight gain is the most important risk
factor for adult onset diabetes. The metabolic syndrome
associated with obesity also involves other significant



risk factors for cardiovascular disease (Table 1) [5]. Con-
sequently, weight gain can have a negative effect on the
prognosis in a patient on antipsychotic medication. The
prognosis is often further adversely affected by other
factors prejudicial to health, such as smoking and poor
dietary habits [6, 7]. For instance, in patients with schiz-
ophrenia, significant excess mortality from cardiovas-
cular disease has been observed [8]. Metabolic changes
can also increase risks of neurological adverse effects,
because diabetes has been found to be a risk factor for
abnormal movements and tardive dyskinesia [9, 10].

Prevalence of weight gain

Weight gain in association with use of the conventional
antipsychotics was noted as early as the 1950s in con-
nection with the use of chlorpromazine [11]. At the time,
greater attention was paid to neurological adverse ef-
fects of antipsychotics, although weight gain can be ob-
served in up to 50% of patients on long-term antipsy-
chotic medication. Weight gain is common with
conventional low-potency antipsychotics such as thio-
ridazine and chlorpromazine (Table2) [3, 11]. Weight
gain caused by them has been found to be between 1.5
and 4 kg during the first month of treatment, ceasing
usually within one to two years of starting drug treat-
ment.

With the second-generation antipsychotics clozapine
and olanzapine most weight gain occurs during the first

Table1 Disorders associated with the metabolic syndrome

Adiposity

Increased blood pressure

Impaired glucose tolerance and adult onset diabetes
Increased risk of coronary artery disease

Increased serum triglyceride concentration
Decreased high-density lipoprotein cholesterol level
Coagulation system disorders

Increased serum uric acid concentration

Table2 Weight gain associated with antipsychotics [18]

Drug Average weight gain (kg) Weight gain
in 10 weeks (kg)

Perphenazine 5.77 -

Clozapine 5.67 3.99
Chlorpromazine 4.19 2.10
Olanzapine 417 3.51
Thioridazine 2.81 3.49
Quetiapine 2.49 -
Risperidone 1.67 2.00
Fluphenazine 1.13 0.43
Haloperidol 0.51 0.48
Ziprasidone 0.28 0.04
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four to five months of treatment, but it continues for up
to a year with olanzapine, and even longer with cloza-
pine [12, 13]. With risperidone there is weight gain for
some two to three months after the start of treatment.
There are differences between the second-generation
antipsychotics, because for example, weight gain associ-
ated with use of olanzapine and risperidone has been re-
ported to be more easily reversed than the weight gain
associated with use of clozapine. The effects of queti-
apine and ziprasidone to weight have been less promi-
nent [14-16].

Risk factors of weight gain

The mechanism behind the weight gain associated with
use of antipsychotics is not fully known, and many fac-
tors seem likely to be involved. Little is known about
them, but a low body mass index (BMI) when treatment
is begun may predict that weight gain is likely to be sig-
nificant, but the results of studies are conflicting [14].
Weight gain has also been reported to be greater in
younger patients, and in men. In addition, racial varia-
tion can occur, and weight gain and adverse changes in
lipid levels are reported more often in African American
individuals [17]. It has been suggested that weight gain
is related to more beneficial result of treatment, but pa-
tients who are not responding well often have their med-
ication discontinued, which may give a spurious corre-
lation between weight and efficacy. So this finding may
simply reflect a relationship with duration of drug treat-
ment [18].

Mechanisms of weight gain

Even before conventional antipsychotics came into use,
psychotic patients were often seen to lose weight during
acute phases and gain weight during recovery phases, as
appetite returned. The phases of psychosis are thus sig-
nificant in terms of a patient’s changes in weight. In
schizophrenic patients negative psychotic symptoms,
such as anhedonia and apathy may expose the patient to
weight gain [4]. Lack of physical exercise due to fatigue
caused by antipsychotics, and the consumption of high-
calorie drinks because of anticholinergic effects (e.g.
dry mouth) may also increase weight [19]. In addition,
alcohol abuse is a common comorbid condition in schiz-
ophrenia [20] and may contribute to weight gain. Cog-
nitive impairment, depression and deficient life control
can also lead to unhealthy diet and poor health behav-
iour.

Despite efforts to target the effects of antipsychotics
on limbic areas to reduce neurological adverse effects,
they all have wide-ranging effects on various neural net-
works. Serotonin-mediated neurotransmission appears
to be critical in relation to regulation of eating behav-
iour. In animal studies, 5-HT-;4-, 5-HT-13- and 5-HT-,¢-
receptor agonists reduce food intake and the corre-
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sponding antagonists or a lack of 5-HT-,c-receptors in-
crease it. In rats, the activation of the 5-HT-,c-receptor
has also been reported to reduce eating [14]. Antipsy-
chotic drug treatments may block all of the serotonin-
binding sites mentioned above, and may therefore in-
crease food intake. In some studies relationships
between dosages of the antipsychotics and weight gains
have been demonstrated when using chlorpromazine,
olanzapine and risperidone, but no similar relationships
have been reported with other antipsychotics [21].

The hypothalamus is one of the areas critically in-
volved in weight regulation, and its histamine-mediated
tract connections are involved in regulating energy bal-
ance and leptin-mediated food intake. Leptin is a pep-
tide hormone produced by adipocytes, which conveys
signals to the central nervous system about the mass of
adipose tissue [22].In animal studies the administration
of leptin has been shown to reduce food intake, and in
humans weight increase is related to increased leptin
levels [23]. Patients suffering from anorexia nervosa
have low levels of leptin secretion, which has been
shown to increase as weight is gained [24]. Weight gain
has been observed to be associated with increased lep-
tin secretion at least when using clozapine, olanzapine,
and also conventional neuroleptics [25]. With clozapine
this starts by the end of the first week of treatment, but
effects on weight and BMI can be seen only at the end of
the third week of treatment. With olanzapine the corre-
sponding changes occur about a week later [26]. In-
creased leptin secretion is, however, considered to be
secondary to increased appetite and weight gain [11,19].
It has also been suggested that treatment with antipsy-
chotic drugs may reduce central nervous system sensi-
tivity to the body weight-controlling leptin signal [26].

It has also been reported that the use of histamine-1-
receptor inhibitors (some antipsychotics and antide-
pressants) may also be associated with weight gain. In
addition, adrenergic and dopaminergic neural activities
are considered to be significant in relation to appetite
regulation, and stimulation of these neural networks re-
duces food intake [27].

Changes in glucose and lipid metabolism

Various mental disorders, e. g. depression, bipolar affec-
tive disorder and schizophrenia [2, 28] have been re-
ported to be associated with increased risk of diabetes.
This risk may be related to the disorders of eating be-
haviour often associated with these mental disorders.
Use of second-generation antipsychotics has been re-
ported to be associated with deterioration of therapeu-
tic equilibrium in diabetes and the occurrence of new
cases of diabetes, especially when patients have been
obese on starting treatment, or have gained weight sig-
nificantly during the initial stages of treatment [12, 29].
It is difficult to estimate how commonly diabetes or im-
paired glucose tolerance occurs. The incidences have
varied between 2.7 and even 36.6 %. However, the groups

studied have been highly selected. In most cases the risk
of worsening of diabetes or impairment of glucose tol-
erance was two to four times higher than it would have
been in the population in general [12, 30, 31]. Weight
gain is associated with increased insulin resistance and
impairment of glucose control. Second-generation an-
tipsychotics may also reduce insulin secretion while 5-
HT- ;4 receptor blockade reduces the response of B-cells
of the pancreas. Some second-generation antipsychotics
may be associated with insulin resistance [32]. Although
increases in patients’ blood glucose levels have been
fairly minor, e.g. 0.1-0.2mmol/l with olanzapine and
0.7 mmol/l with clozapine, they have been greater than
those caused by haloperidol, for example, and may in-
crease the risk of cardiovascular disease in psychotic pa-
tients and contribute later to excess mortality in this vul-
nerable patient group.

During clozapine treatment an increase of serum
cholesterol and triglyceride levels has been reported
[12]. A statistically significant relationship has been
found between the increase in cholesterol caused by the
administration of olanzapine and weight gain [13, 33].
Changes in lipid levels can be attributed to weight gain
associated with use of these compounds, because fat ac-
cumulating in the waist enhances release of free fatty
acids in the liver, and accelerates liver triglyceride syn-
thesis and very-low-density lipoprotein secretion. In-
creases in free fatty acid concentrations may also inhibit
metabolism of glucose, especially in muscle tissue, re-
sulting in impaired glucose tolerance and type-2 dia-
betes [5].

Weight gain and treatment

An appropriate choice of antipsychotics, avoidance of
polypharmacy, diet therapy, regular monitoring of body
weight, and, if necessary, participation in diet coun-
selling can reduce problems resulting from weight gain
and metabolic changes [18]. The aim of diet therapy is
reduction of amounts of fat in the diet, and the object of
physical exercise is to increase calorie consumption,
even though the results of the latter have been only mod-
erate. Monitoring of patients’ body weight is particularly
necessary during the first weeks and months of treat-
ment [11]. Although there may be a relationship be-
tween the dose of antipsychotic agent and weight gain,
dosage should not be reduced if weight gain occurs [17].
Changing the antipsychotic may be useful, but recom-
mendations for change cannot be given until further
comparisons of various molecules have been conducted.

So far there are no data about employment of anti-
obesity medications in reduction of the weight gain
associated to antipsychotics. In addition, some of these
compounds affect dopamine and serotonin receptors,
which are also the targets of antipsychotics. This is why
the use of e.g. sibutramine has been considered to be
contraindicated in psychotic patients because of risks of
adverse effects, such as worsening of the psychosis or



onset of the serotonin syndrome, as a result of inhibition
in dopamine, noradrenaline and serotonin re-uptake.
Orlistat, which inhibits lipid absorption, has proved
effective in weight reduction, but no study results are
available of its use to prevent or alleviate weight gain
associated with antipsychotics. There has been experi-
mental use of fenfluramine, amantadine, nizatidine,
metformin and tryptophan, resulting mostly from data
from open trials and case studies [34, 35]. Increases in
prolactin secretion caused by dopamine-receptor block-
ade may result in increases in androgen production, and
changes in the oestrogen/androgen ratio may increase
appetite and add to fat accumulation. Its antagonist,
amantadine (a dopamine agonist) has been found to
prevent weight gain associated with use of e.g. olanz-
apine, and to reduce patients’ weights. However, with
amantadine psychotic symptoms may aggravate. Use of
tryptophan has been reported to be associated with
eosinophilia and myalgia [11].

Psychotic patients with lipid metabolism disorders
can receive not only diet therapy but can also be treated
with e. g. statins. However, no clinical guidelines specific
to psychotic patients can yet be given. Results of open
trials show that triglyceride levels in patients who re-
ceived gemfibrozil or pravastatin did not increase dur-
ing treatment with olanzapine [33].If statins are used, in
addition to considering the costs of treatment, attention
should be paid to the fact that some statins are metabo-
lized via cytochrome 3A4. Caution is therefore needed in
using any of them in conjunction with quetiapine and
ziprasidone, which are metabolised via the same path-
way [36]. Attempts can also be made to reduce the ad-
verse effects of lipid metabolism disorders by means of
low-dose aspirin.

Of the severe mental disorders, in particular schizo-
phrenia results in incapacity for work, impairs quality of
life,and is associated with a substantially high mortality
rate from suicide even at a relatively young age [37]. Be-
cause the disorder is so severe and its treatment so dif-
ficult, adverse effects associated with its treatment have
been considered more acceptable than those associated
with treatment of some other disorders. As antipsy-
chotics have improved, the attitude towards serious ad-
verse effects has started to change, and the second-gen-
eration antipsychotics have in many respects
significantly improved the drug treatment of severe
mental disorders. They cause less neurological adverse
effects than the conventional antipsychotics. Compli-
ance is better than with the conventional early antipsy-
chotics, and weight gain and metabolic problems do not
detract from these advantages, and choice of an antipsy-
chotic should continue to be based on assessment of the
overall condition of the patient, not on assessment of in-
dividual adverse effects.

Data relating to the benefits of use of antipsychotics
in the treatment of psychoses are convincing, but
further information is needed about the significance of
advantages and disadvantages during long-term treat-
ment. Disadvantages associated with use of medication
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Table3 Monitoring and therapeutic interventions in a patient at risk of weight
gain or on second-generation antipsychotics

Weightand body mass index or waist circumference measurement: during every
visit

Measurement of blood pressure: during every visit

Determination of blood glucose, triglyceride, cholesterol and prolactin levels
once or twice a year, more often (e. g. every three months) in high-risk patients.
Patient should keep food record if weight gain has been more than 4 kg since
the beginning of treatment

In case of weight increase over 7% of the weight when starting treatment: con-

sultation with a dietician or nutritionist, caloric restriction, more effective phys-
ical exercise

should be minimised by, for instance, appropriate
monitoring and documenting in patient charts the
effects of regular antipsychotic medication on patient’s
weight and metabolism (Table 3) [38]. Although there
are no established follow-up guidelines, recommenda-
tions based on the more general guidelines suggested in
Table 3 may be useful. In addition, actions in relation to
other factors associated with risks to health (e. g. smok-
ing, hypertension, diabetes) during treatment should
also be carried out [7].

Acknowledgements This work was supported by grants from the
Finnish Academy, Sigrid Juselius Foundation, and the Theodore &
Vada Stanley Foundation.

References

1. McGrath J,Emmerson WB (1999) Treatment of schizophrenia. Br
Med ] 319:1045-1048
2. Dixon L, Weiden P, Delahanty J, et al. (2000) Prevalence and cor-
relates of diabetes in national schizophrenia samples. Sch Bul-
letin 26:903-912
3. Allison DB, Mentore JL, Heo M, et al. (1999) Antipsychotic-in-
duced weight gain: a comprehensive research synthesis. Am J
Psychiatry 156:1686-1696
4. Kurzthaler I, Fleischacker WW (2001) The clinical implications
of weight gain in schizophrenia. J Clin Psychiatry 62(Suppl 7):
32-37
5. National Heart, Lung and Blood Institute (2001) Clinical guide-
lines on the identification, evaluation, and treatment of over-
weight and obesity in adults: evidence report. Available at
http://www.nhlbi.nih.gov./guidelines/obesity/ob_gdnls.pdf
6. Patten CA, Gillin JC, Golshan S, et al. (2001) Relationship of
mood disturbance to cigarette smoking status among 252 pa-
tients with current mood disorder. J Clin Psychiatry 62:319-324
7. Brown S, Inskip H, Barraclough B (2001) Causes of excess mor-
tality of schizophrenia. Br J Psychiatry 177:212-217
8. Mortensen PB, Juel K (1993) Mortality and causes of death in
first admitted schizophrenic patients. Br J Psychiatry 163:
183-189
9. Ganzini L, Heintz RT, Hoffman WEF, Casey DE (1991) The preva-
lence of tardive dyskinesia in neuroleptic-treated diabetics. Arch
Gen Psychiatry 48:259-263
10. Schultz SK, Arndt S, Beng-Schoon H, et al. (1999) Impaired glu-
cose tolerance and abnormal movements in patients with
schizophrenia. Am J Psychiatry 156:640-642
11. Stanton JM (1995) Weight gain associated with neuroleptic med-
ication: A review. Sch Bulletin 21:463-472
12. Henderson DC, Cagliero E, Gray C, et al. (2000) Clozapine, dia-
betes mellitus, weight gain, and lipid abnormalities: a five-year
naturalistic study. Am J Psychiatry 157:975-981



298
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Kinon BJ, Basson BR, Gilmore JA, Tollefson GD (2001) Long-
term olanzapine treatment: weight change and weight-related
health factors in schizophrenia. J Clin Psychiatry 62:92-100
Wirshing DA, Wirshing WC, Kysar L, et al. (1999) Novel antipsy-
chotics: comparison of weight gain liabilities. ] Clin Psychiatry
60:358-363

Brecher M, Rak IW, Melvin K, Jones AM (2000) The long-term ef-
fect of quetiapine (Seroquel) monotherapy on weight in patients
with schizophrenia. Int ] Psych Clin Pract 4:287-291

Kingsbury SJ, Fayek M, Trufasiu D, et al. (2001) The apparent ef-
fect of ziprasidone on plasma lipids and glucose. J Clin Psychia-
try 62:347-349

Basson BR, Kinon BJ, Taylor CC, et al. (2001) Factors influencing
acute weight change in patients with schizophrenia treated with
olanzapine, haloperidol, or risperidone. J Clin Psychiatry 62:
231-238

Allison DB, Casey DE (2001) Antipsychotic-induced weight gain:
areview of the literature. J Clin Psychiatry 62(Suppl 7):22-31
Elmslie JL, Mann JI, Silverstone JT, et al. (2001) Determinants of
overweight and obesity in patients with bipolar disorder. J Clin
Psychiatry 62:486-491

Risdnen P, Tiihonen J, Isohanni M, Rantakallio P, Lehtonen J,
Moring J (1998) Schizophrenia, alcohol abuse and violent be-
havior. A 26-year follow-up study of an unselected birth cohort.
Sch Bulletin 24:437-441

Blin O, Micallef J (2001) Antipsychotic-associated weight gain
and clinical outcome parameters. J Clin Psychiatry 62(Suppl 7):
11-21

Forbes S, Bui S, Robinson BR, et al. (2001) Integrated control of
appetite and fat metabolism by the leptin-proopiomelanocortin
pathway. Proc Natl Acad Sci USA 98:4233-4237

Considine RV, Sinha MK, Heiman ML, et al. (1996) Serum im-
munoreactive-leptin concentrations in normal-weight and
obese humans. N Engl ] Med 334:292-295

Hebebrand J,van der Heyden J, Devos R, et al. (1995) Plasma con-
centrations of obese protein in anorexia nervosa. Lancet 346:
1624-1625

Higg S, S6derberg S, Ahren B, Olsson T, Mjorndal T (2001) Lep-
tin concentrations are increased in subjects treated with clozap-
ine or conventional antipsychotics. J Clin Psychiatry 62:843-848

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Kraus T, Haack M, Schuld A, et al. (1999) Body weight and leptin
plasma levels during treatment with antipsychotic drugs. Am J
Psychiatry 156:312-314

Casey DE, Zorn SH (2001) The pharmacology of weight gain
with antipsychotics. J Clin Psychiatry 62(Suppl 7):4-10

Cassidy F, Ahearn E, Carrol BJ (1999) Elevated frequency of dia-
betes mellitus in hospitalised manic-depressive patients. Am J
Psychiatry 156:1417-1420

Sernyak M], Leslie DL, Alarcon RD, Losonczy MF, Rosenheck R
(2002) Association of diabetes mellitus with use of atypical neu-
roleptics in the treatment of schizophrenia. Am J Psychiatry 159:
561-566

Popli AP, Konicki PE, Jurjus GJ, et al. (1997) Clozapine and asso-
ciated diabetes mellitus. J Clin Psychiatry 58:108-111

Higg S,Joelson L, Mjorndal T, et al. (1998) Prevalence of diabetes
and impaired glucose tolerance in patients treated with clozap-
ine compared with patients treated with conventional depot
neuroleptic medications. J Clin Psychiatry 59:294-299
Melkersson KI, Hulting A-L, Brismar KE (2000) Elevated levels of
insulin, leptin, and blood lipids in olanzapine-treated patients
with schizophrenia or related psychosis. J Clin Psychiatry 61:
742-749

Osser DN, Najarian DM, Dufresne RL (1999) Olanzapine in-
creases weight and serum triglyceride levels. ] Clin Psychiatry 60:
767-770

Baptista T, Hernandez L, Prieto LA, Boyero EC,Mendoza S (2001)
Metformin in obesity associated with antipsychotic drug ad-
ministration. J Clin Psychiatry 62:653-655

Sacchetti E, Guarneri L, Bravi D (2000) H-2 antagonist nizatidine
may control olanzapine-associated weight gain in schizophrenic
patients. Biol Psychiatry 48:167-168

Levy RH, Thummel KE, Trager WF, et al. (2000) Metabolic Drug
Interactions. Lippincott Williams & Wilkins, London

Résédnen P, Tiihonen J, Isohanni M, Moring J, Koiranen M (1998)
Juvenile mortality, mental disturbances and criminality: a
prospective study of the Northern Finland 1966 Birth Cohort.
Acta Psych Scand 97:5-9

Aronne L] (2001) Epidemiology, morbidity, and treatment of
overweight and obesity. J Clin Psychiatry 62(Suppl 23):13-22



