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Preface

Schizophrenia is one of medicine’s most daunting therapeutic challenges. After a century of 
research, we do not know its cause. More than 50 years after treatment first became available 
it is still a leading source of morbidity, excess mortality and lost opportunity. Nevertheless, 
understanding of the biological basis of the disorder slowly advances, and there have been 
a number of important developments in its treatment and management. This book aims to 
bring together some of the progress being made on both these fronts.

The best way to attack a disease is by knowing its cause. Salgado-Pineda et al. review 
brain-imaging findings in schizophrenia and conclude that the evidence for structural brain 
abnormality is reliable, but has not told us much about the localization of the disease process. 
However, this may be set to change with the development of methods such as voxel-based 
morphometry and diffusion tensor imaging. With respect to functional imaging, the authors 
quote Calhoun, who recently summarized the field as suffering from large variability and 
low robustness. Nevertheless, there seems no doubt about the reality of prefrontal cortex 
dysfunction in schizophrenia, even if it is becoming increasingly clear that this is far more 
complex than the traditional concept of hypofrontality.

The dopamine hypothesis has cast a long shadow over schizophrenia research. After 
several years in the doldrums, Howes and Kapur argue that this is now undergoing some-
thing of a renaissance, with a slow but steady trickle of positive findings. The evidence they 
review further suggests that antidopaminergic antipsychotic drugs act ‘downstream’ from 
the pathophysiology of the disorder, and do not point to its source. Could this source be 
abnormal glutamate function? Or has the glutamate hypothesis of schizophrenia, which has 
absorbed vast amounts of research funds over the last 20 years, been, as McKenna suggests, 
a billion-dollar red herring?

The most important recent development in the treatment of schizophrenia has undoubt-
edly been the introduction of clozapine, which is now of proven superior efficacy (Kelly 
and Buchanan). The development of other atypical antipsychotic drugs in the 1990s was 
heralded as a further major therapeutic advance. Unfortunately, as Frighi notes, many of 
these drugs fail to avoid the endocrinological side-effects of their predecessors, and most if 
not all of them have the capacity to cause the metabolic syndrome. Cheng and Jones bring 
more bad news, that pragmatic trials compel the conclusion that atypical antipsychotic drugs 
other than clozapine have been a false dawn.

New antipsychotic drugs are in the pipeline and polypharmacy is a rational option with 
an increasing degree of reasonable evidence for suitable patients (Waddington, Tuathaigh, 
Remington; Mortimer). But, with drug treatment remaining unsatisfactory, academic leaders 
look increasingly towards other ways of lessening the impact of schizophrenia. There are 
now well-developed strategies for early detection and intervention in prodromal psychotic 
states and first-episode schizophrenia. Drake and Lewis review the evidence that these lead 
to better outcomes. In the UK, much attention is currently lavished on cognitive behavioural 
therapy (CBT), and this therapeutic model has colonized the treatment of numerous mental 
disorders. According to NICE, it is also effective in schizophrenia. McKenna begs to differ.

There are other issues in the management of patients with schizophrenia. Partial and 
complete non-compliance (Niaz and Haddad) and substance abuse, particularly of cannabis 
and stimulants (Seivewright, Rele and Kamal), are major challenges. Nor should we ignore 
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the rise of managerial governance, consumerism, the recession and the ‘capacitous lifestyle 
choices’ of patients who act in anyone’s interests but their own. Dye ponders the necessity 
to develop treatment strategies for aggressive and violent patients, and Haddad discusses 
the inception of legislation which may order treatment in the community.

We hope that this volume will arm the practising psychiatrist with enough balanced 
information to confront the currently important issues surrounding the treatment of schizo-
phrenia and its underlying science.

Ann Mortimer and Peter McKenna



1
Medical side-effects of antipsychotic agents: 
hyperprolactinaemia and metabolic disorders
V. Frighi

AntiPsyChotiC-induCEd hyPErProlACtinAEMiA: A thEorEtiCAl And 
PrACtiCAl APProACh

Regulation of pRolactin secRetion and causes of hypeRpRolactinaemia

Prolactin (PRL) is a 198 amino acid peptide hormone secreted by the lactotroph cells of 
the anterior pituitary. Its major actions are the induction and maintenance of lactation in 
the oestrogen-primed breast. The hypersecretion of PRL achieved during breastfeeding 
inhibits the pulsatility of hypothalamic gonadotrophin-releasing hormone and therefore 
phasic gonadotrophin secretion, thus suppressing fertility as long as regular breastfeeding 
is maintained.

PRL secretion is under tonic inhibition by dopamine, which is released by the tubero-
infundibular neurons and activates the lactotroph D2 receptors, thus inhibiting PRL gene 
expression [1]. Hence, any conditions reducing dopamine delivery to the anterior pituitary 
increase prolactin release. These can be structural, such as lesions in the hypothalamic area, 
interrupting dopamine pathways by pituitary stalk compression or dissection (‘dysconnec-
tion hyperprolactinaemia’); functional causes include dopamine D2 receptor blockade from 
antipsychotic drugs and antidepressants. Purely peripheral D2 antagonists are also active as 
the pituitary is situated outside the blood–brain barrier.

Although antipsychotic drugs are by far the most frequent cause of hyperprolactinaemia 
in the psychiatric population, there is a wide variety of physiological and pathological condi-
tions, as well as many other drugs, that should be considered in the differential diagnosis in 
individual patients (Table 1.1).

pathophysiology and pRevalence of antipsychotic-induced 
hypeRpRolactinaemia

Antipsychotic drugs have the potential to increase prolactin secretion, something that was 
firmly established for the phenothiazines in the early 1970s, when the crucial development 
of radioimmunoassays allowed widespread availability of reliable measurements of human 
PRL [2]. The most visible complication of hyperprolactinaemia, galactorrhoea, was described 
soon after the introduction of chlorpromazine [3] and, in the same years, amenorrhoea was 
interpreted as a result of chlorpromazine’s action on the pituitary [4]. Hyperprolactinaemia, 

Valeria Frighi, MD, Department of Psychiatry, University of Oxford, Oxford, UK



2 Therapeutic Strategies in Schizophrenia

together with its clinical and hormonal correlates including galactorrhoea, amenorrhoea, 
and male and female hypogonadism, was extensively investigated in two seminal studies 
in 1974 [5, 6].

After the introduction of clozapine in 1975 and the subsequent availability of other atypi-
cal antipsychotic drugs, marked differences were noticed between individual drugs, with 
conventional antipsychotic drugs having a stronger hyperprolactinaemic potential than 
most of the atypical antipsychotic drugs, with the exception of amisulpride and risperidone 
[7, 8]. Several observations underpin the view that antipsychotic-induced hyperprolacti-
naemia is a peripheral rather than a central effect. These include the fact that drugs with 
a purely peripheral antidopaminergic action (such as metoclopramide and domperidone) 
induce large PRL elevations [9, 10], that the anatomical position of the pituitary gland is 
outside the blood–brain barrier, and that antipsychotic drugs such as amisulpride and ris-
peridone, which have high affinity for peripheral dopamine D2 receptors [11], also have 
a high potential for causing hyperprolactinaemia. This explains why antipsychotic drugs 
with a high central-to-peripheral binding have a lower potential for causing hyperprolac-
tinaemia [11]. Moreover, fast dissociation from dopamine D2 receptors explains the only 

table 1.1 Causes of hyperprolactinaemia

Physiological

Pregnancy, nipple stimulation, physical or psychological stress

Pathological

Prolactinoma, mixed growth hormone-/prolactin-secreting tumour

Empty sella syndrome

Hypothalamic/pituitary infiltration (sarcoidosis, histiocytocis, tuberculosis)

‘Disconnection hyperprolactinaemia’ due to pituitary stalk compression (from pituitary macroadenoma 
or hypothalamic masses such as craniopharyngioma, meningioma, neurofibromatosis, cyst) or stalk 
section (head injury)

Primary hypothyroidism

Polycystic ovary syndrome

Chronic renal or liver failure

Chest wall lesions (herpes zoster, trauma)

Pharmacological

Dopamine receptor antagonists with purely peripheral action (metoclopramide, domperidone)

Dopamine receptor antagonists with central and peripheral action (antipsychotic drugs*)

Antidepressants (most selective serotonin reuptake inhibitors, tricyclics, moclobemide)

Opiates

Cocaine

Oestrogens

Protease inhibitors (e.g. ritonavir, zidovudine)

H2 antagonists (e.g. ranitidine)

Proton pump inhibitors (e.g. omeprazole)

Cardiovascular drugs (verapamil, methyldopa)

*See text for discussion.
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transient (up to 6 h) PRL elevation after clozapine administration [12]. Fast dissociation and 
transient hyperprolactinaemia also characterize olanzapine and quetiapine [12] and both 
these drugs have been shown not to induce hyperprolactinaemia [13, 14] and to normalize 
PRL in patients with hyperprolactinaemia induced by other antipsychotic drugs [15, 16]. 
Nevertheless, cases of hyperprolactinaemia, amenorrhoea and galactorrhoea on olanzapine 
[17–19] and a case of galactorrhoea on quetiapine have been published [20], and a recent 
study showed a prevalence of hyperprolactinaemia of 8% and 29% in a small number of 
patients on long-term olanzapine and quetiapine respectively [21].

Hence, the only antipsychotic drugs that do not stimulate PRL secretion and consistently 
normalize the hyperprolactinaemia induced by other antipsychotic drugs are clozapine [7, 
13] and the partial dopamine D2 agonist aripiprazole [22–24]. Importantly, the novel glu-
tamate receptor agonists currently under investigation decrease PRL levels, probably by a 
concomitant partial dopamine D2 agonist activity [25, 26], one of them doing so even in the 
presence of the potent peripheral D2 antagonist domperidone [25].

Because of the profound differences between individual atypical antipsychotic drugs, the 
prevalence of hyperprolactinaemia found in a large number of studies varies between zero 
for clozapine and aripiprazole and 70–100% for risperidone and amisulpride. Conventional 
antipsychotic drugs also demonstrate high rates, while olanzapine and quetiapine are 
consistently associated with low figures [8, 27–32]. Moreover, prevalence rates of hyperp-
rolactinaemia and, even more so, the degree of PRL elevation vary according to the gender 
composition of the patient sample, women being consistently more severely affected than 
men [21, 32–35]. In fact, PRL elevations above two or three times the upper limit of normal 
are rare in antipsychotic-treated men, whereas this degree of hyperprolactinaemia is com-
mon in women [21, 34], in whom PRL levels can reach 8–10 times the upper limit of normal, 
even on doses of risperidone of 1–3 mg [32].

complications of chRonic dopamine blockade

Chronic dopamine receptor blockade may induce lactotroph hyperplasia and increased pitu-
itary volume as shown by animal and human studies [36–38]. Clinical cases of prolactinoma 
or growth of pre-existing prolactinoma have been reported in the literature in both adults 
and children on risperidone or amisulpride, and by two UK mental health trusts [39–45].

A pharmacovigilance study based on Food and Drug Administration (FDA) adverse drug 
reaction (ADR) reports showed an up to 19-fold increase in prolactinoma risk in patients on 
risperidone [46]. However, the annual incidence of clinically significant pituitary tumours 
is 3.3 per 100 000 in the US population [47]. Although prolactinomas are the most frequent 
of these lesions, with the exception of asymptomatic lesions in autopsy series, they are a 
rare entity. Hence, even on the assumption that two-thirds of pituitary tumours might be 
prolactinomas, and that ADR reports are generally an underestimate of the true number 
of adverse reactions, even a gross increase compared with that in the general population 
still may not signify that, in absolute terms, prolactinoma prevalence in risperidone-treated 
patients is substantially high. This was confirmed by a study on pituitary tumours in patients 
on antipsychotic drugs reported in the ADR WHO database. This showed a total of 42 cases 
on risperidone and eight on amisulpride, which are not large numbers, given the size of the 
database [48].

Nevertheless, clinicians must be vigilant and include prolactinoma in the differential 
diagnosis of severe hyperprolactinaemia, particularly if associated with visual symptoms 
and if dechallenge by substitution with a PRL-neutral drug cannot be attempted.

complications of hypeRpRolactinaemia

Some patients with hyperprolactinemia remain asymptomatic, many may not report symp-
toms but others exhibit a wide range of clinical problems resulting from either the direct 
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effect of prolactin on the breast (galactorrhoea) or endocrine-related secondary effects, 
namely hypogonadism leading to sexual and reproductive dysfunction in the short term, 
and osteoporosis in the longer term (Table 1.2). Short-term side-effects may reduce adher-
ence to medication, and long-term effects may cause serious health consequences.

galactorrhoea

Galactorrhoea is the most specific symptom of hyperprolactinaemia and normally affects 
women, although it can also be seen in a small proportion of men [49]. Galactorrhoea was 
reported as a chlorpromazine side-effect a few years after the introduction of the drug [3]. Its 
prevalence has been examined in two studies of 50 and 150 patients on antipsychotic drugs, 
in which it was reported as affecting 31% and 19% of female patients respectively [50, 51].

breast cancer

Concerns about an increased breast cancer risk have recently been expressed in the psy-
chiatric literature [52], partly based on studies of co-carcinogenesis in rodents [53] and an 
epidemiological study showing a slightly increased risk between the highest and the lowest 
quartile of the normal PRL distribution in a large cohort of women from the general popula-
tion [54, 55]. However, a recent study, which included 2000 women with schizophrenia, 
showed a slightly lower rather than higher prevalence of breast cancer compared with the 
general population [56] and another previous large study also failed to show an excess of 
breast cancer in women with schizophrenia [57]. Furthermore, no increased prevalence of 
breast cancer in long-term hyperprolactinaemic women from the general population has been 
reported. Hence, the association between breast cancer and hyperprolactinaemia remains 
unproven and a more intensive screening policy than that recommended for women in the 
general population is not currently warranted. Nevertheless, clinicians should try to ensure 
that women with severe mental illness, whether hyperprolactinaemic or not, adhere to the 
national breast cancer screening programme, namely a 3-yearly mammogram between the 
ages of 50 and 70 years [58].

hypogonadism

Hyperprolactinaemia reduces the pulsatility of hypothalamic gonadotrophin-releasing 
factor [59], causing suppression of cyclical gonadotrophin secretion and, ultimately, of sex 
steroids, probably also as a direct action on the gonads. Secondary hypogonadism is the 
most serious complication of hyperprolactinaemia. The prevalence of this complication in 
patients on antipsychotic drugs has been investigated in various studies [60]. The largest 

table 1.2 Complications of hyperprolactinaemia

Galactorrhoea

hypogonadism
Amenorrhoea/oligomenorrhoea

Infertility

Sexual dysfunction (erectile, ejaculatory, orgasmic dysfunction ± low libido)

Low testosterone, low oestradiol

Gynaecomastia

osteoporosis and fractures (complication of hypogonadism)
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of these, on 402 patients, showed that almost half of hyperprolactinaemic premenopausal 
women had menstrual irregularities, and that over 30% had oestradiol levels in the post-
menopausal range [30]. Hypogonadism manifests itself clinically with impaired sexual func-
tion (erectile, ejaculatory and orgasmic dysfunction, with or without low libido), infertility, 
amenorrhoea or oligomenorrhoea, and biochemically with low plasma oestradiol in women 
and testosterone in men. These symptoms have also been observed in psychotic patients 
with hyperprolactinaemia [61]. Occasionally, men can manifest gynaecomastia, which is 
not a direct effect of hyperprolactinaemia per se but a result of the decreased testosterone/
oestradiol ratio induced by hypogonadism [62, 63].

osteoporosis

Hyperprolactinaemic hypogonadism, like any other type of hypogonadism, induces bone 
demineralization in men and women [64, 65], but bone mass increases, although it may 
not normalize, on treatment of hyperprolactinaemia and restoration of normal menses 
[66, 67]. Osteoporosis and an increased fracture risk have been observed in patients with 
schizophrenia [68, 69] and antipsychotic-induced hyperprolactinaemic hypogonadism has 
been shown to be associated with decreased bone mineral density in this population [60]. 
However, treatment with bone-preserving agents including hormone replacement therapy 
over a year has not been associated with improvement in bone parameters in women with 
persistent hyperprolactinaemia [70]. Whether this finding may implicate a direct negative 
action, independent of hypogonadism, of hyperprolactinaemia on bone, as suggested by 
animal studies [71], is unknown.

management of hypeRpRolactinaemia

Hyperprolactinaemia is not an illness per se but becomes a serious health problem when 
complications develop. However, management is complex because the diagnosis and clini-
cal significance of such complications is too specialized to be within the sole reach of psy-
chiatrists or of general practitioners. Hence, advice from endocrinologists should be sought. 
Should long-term management be required, it is essential that a joint approach with a clear 
definition of individual roles be agreed between the psychiatrist, the endocrinologist and 
the general practitioner (GP). This is particularly important in view of the numerous other 
risk factors for hypogonadism and sexual dysfunction (additional medications, alcohol and 
substance abuse) and for bone loss and fractures (smoking, alcohol excess), which are com-
mon in the psychiatric population.

Over the past few years, several guidelines for the monitoring of patients on antipsychotic 
drugs and the physical health of patients with schizophrenia have been published, and some 
of these include recommendations for screening for hyperprolactinaemia [72]. However, 
there is no generalized agreement on how, when and in which patients this should be done. 
Moreover, there is some evidence that PRL is hardly ever measured in psychiatric practice 
and that there is no consensus on how to manage antipsychotic-induced hyperprolactinae-
mia once a diagnosis has been reached [73, 74].

Recent clinical recommendations represent a substantial improvement [75] but it is 
essential that the wider endocrinology community be involved in their refinement and the 
formation of a solid evidence base, before widespread dissemination.

What follows is a brief outline of a practical management approach that might be use-
ful to clinicians until more structured, evidence-based, interdisciplinary guidelines become 
available.
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prevention

Prevention could obviously be achieved by the use as first-line treatment of antipsychotic 
drugs with no or a lower potential for hyperprolactinaemia. However, owing to its other 
serious side-effects, clozapine is reserved for treatment-resistant schizophrenia and therefore 
not an option for the majority of patients. Olanzapine and quetiapine can induce metabolic 
side-effects [76], aripiprazole is not commonly used as a first-line treatment in clinical prac-
tice given that it is the most recent of the atypical drugs, and new classes of antipsychotic 
drugs that do not increase PRL are not yet available.

screening

Screening for hyperprolactinaemia is aimed at detecting not a biochemical abnormality, 
but its potential clinical complication of hypogonadism. Ideally, patients about to start an 
antipsychotic drug should have a baseline measurement before the drug is started and a 
clinical assessment and follow-up measurement that should lead to measurement of sex ste-
roids, gonadotrophin and thyroid-stimulating hormone (TSH), in case of an abnormal result. 
Further management, if necessary, would be determined on an individual basis and would 
require the involvement of an endocrinologist. Suggested PRL measurements and initial 
management of hyperprolactinaemia in patients starting antipsychotic drugs are outlined 
in Table 1.3.

For patients on long-term antipsychotic drugs who have never had a PRL measurement, 
this would be useful for those in whom hyperprolactinaemic hypogonadism is likely, namely 
premenopausal women with amenorrhoea or oligomenorrhoea. A PRL measurement would 
also be useful in men as hypogonadism may be clinically silent or patients may not report 
symptoms of sexual dysfunction. A raised PRL in these patients should be initially managed 
as suggested in Table 1.3.

Screening for hyperprolactinaemia in postmenopausal women may not be useful because 
obviously gonadal function cannot be recovered. However, it should be done in those who 
had a history of amenorrhoea before the age of the menopause. These women are likely to 
have had long-term hyperprolactinaemic hypogonadism. This may have induced osteopo-
rosis, which would require further investigation and management.

table 1.3 Suggested PRL measurements and management of patients starting antipsychotic drugs

basal* 6 months follow-up

Menstrual history X X According to 6-month 
results and planned 
management

Sexual symptoms X X
Galactorrhoea X
Prolactin X X
Oestradiol, testosterone, 

FSH, LH, TSH
If PRL raised†

Involve endocrinologist If PRL raised
Consider switching to or 

adding aripiprazole
If PRL significantly 

raised‡

Time of sampling: before antipsychotic dose.

*Baseline: before starting antipsychotic or as soon as the mental state allows.

†Normal ranges: women 60–620 mU/L (3–31 ng/ml); men 45–375 mU/l (2.2–19 ng/ml). Conversion factor SI/conventional units: 20. NB: 
Normal ranges and conversion factor may have small variations between laboratories.

‡Patient symptomatic (galactorrhoea) and/or hypogonadal.

FSH, follicle-stimulating hormone; LH, luteinizing hormone; TSH, thyroid-stimulating hormone.
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treatment

Treatment should be offered only when hyperprolactinaemia is clinically significant, namely 
if the patient is symptomatic and/or biochemically hypogonadal. A very successful strategy 
seems to be switching to or adding aripiprazole. This agent has been shown to normalize 
prolactin and restore ovarian function both as monotherapy and as combination therapy 
[77–79] and to induce tumour shrinkage in a case of risperidone-associated prolactinoma [45]. 
Additionally, contrary to other atypical antipsychotic drugs, it has no deleterious effect on 
glucose and lipids [80, 81]. Clinical trials and cases in which adjunctive aripiprazole was used 
for treatment of severe hyperprolactinaemia, or for amelioration of metabolic parameters, 
have shown this strategy to be devoid of serious side-effects and generally well tolerated 
[78, 79, 82–86]. Nevertheless, a case of worsening of psychosis on addition of aripiprazole 
to amisulpride treatment has been reported and caution should be adopted when using 
combination therapy [87]. Dopaminergic agents used to treat hyperprolactinaemia in the 
general population, such as bromocriptine and cabergoline, should be avoided given their 
potential to aggravate or precipitate psychosis [88, 89].

Treatment of hyperprolactinaemia should generally be used only in patients whose 
gonadal function can be restored, namely men and premenopausal women. PRL-lowering 
treatment would not be appropriate in postmenopausal women, as their ovarian function 
cannot be recovered.

For patients who are known or suspected to have had long-term hyperprolactinaemic 
hypogonadism, a bone mineral density scan should be performed, as they may have devel-
oped osteoporosis. If evidence of demineralization is found, then appropriate bone protec-
tive treatment should be considered.

time of sampling

PRL secretion is pulsatile and follows a circadian rhythm with a night-time peak. However, 
the variations over the 24 h remain within the normal range, hence abnormal measurements 
cannot be attributed to time of sampling. Nevertheless, this is important in relation to the 
timing of the antipsychotic dose, given the transient rise PRL can have even with drugs that 
rarely give chronic elevations. Hence, PRL should be measured before the patient has taken 
the daily dose.

baseline measurement in patients starting on an antipsychotic

Ideally, this should be done before the first dose of antipsychotic. In patients in whom a 
blood sample is impossible before this is administered, the baseline measurement could be 
taken according to the suggestions above, although this is not an ideal solution.

first follow-up measurement

Prolactin measurements should not follow too soon after the introduction of an antipsy-
chotic. In fact, after an initial steep rise, PRL levels decrease and stabilize approximately after 
4 months’ treatment at the level that will be maintained [90]. Hence, for practical purposes, 
the first follow-up measurement could be made at 6 months, namely at a time when a stable 
value will have been reached and patients may require other measurements (e.g. glucose 
and lipids).

subsequent measurements

None will be required if the 6 months’ measurement is normal, unless the antipsychotic dose 
is increased or the drug changed. If the measurement is abnormal, subsequent assessments 
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will be required according to the 6 months’ results, and based on the type of management 
required.

influence of stress on prolactin secretion

It is known that stress, including venepuncture, can induce minor PRL elevations. However, 
these were seen in only 2 out of 170 learning-disabled patients in whom PRL was measured, 
without particular precautions, as part of a study [32]. In clinical practice, these elevations 
are also rare and do not cause problems in the differential diagnosis of hyperprolactinaemia 
(V. Frighi, personal observations).

summaRy

Hyperprolactinaemia has been considered traditionally as an inevitable and relatively benign 
side-effect of antipsychotic treatment, for which management was not often offered. In fact, 
although the recognition of the problem and of its complications dates back for decades, 
the realization of its severity and the impetus towards management are recent. This novel 
approach, made possible by the recent availability of effective treatments, should lead to 
rapid improvements in the care of psychiatric patients.

MEtAboliC sidE-EFFECts oF AntiPsyChotiC AGEnts

Antipsychotic drugs have a profound effect on metabolism, being able to cause hyperglycae-
mia, dyslipidaemia and obesity [81, 91]. These side-effects, which can be grouped together 
as the metabolic syndrome [92], contribute substantially, in synergism with lifestyle factors 
and difficult access to health care, to the very high cardiovascular risk and reduced life 
expectancy of patients with severe mental illness [93–96]. Moreover, antipsychotic-related 
metabolic disorders occur in psychiatric patients of any age [97–99], being particularly severe 
in children and adolescents [99, 100].

The hyperglycaemic potential of chlorpromazine was recognized soon after its introduc-
tion in the early 1950s [101, 102]. Subsequently, it was recognized that the other pheno-
thiazines shared the same side-effect, which was attributed to inhibition of catecholamine 
uptake [103]. Furthermore, the term ‘phenothiazine diabetes’ was used in a seminal paper 
in 1968 [104]. However, it took almost 50 years and the advent of the atypical antipsychotic 
drugs, given the particularly high metabolic risk induced by some of them, before diabetes, 
dyslipidaemia and obesity started to be widely recognized as serious side-effects of antipsy-
chotic drugs [105–109] and sufficiently common to require screening [110].

epidemiology

The prevalence of the metabolic syndrome as a constellation of cardiovascular risk factors 
such as hyperglycaemia, dyslipidaemia, abdominal obesity and hypertension, and of its 
single components, particularly diabetes, has been investigated in various studies. These 
have consistently shown a two to three times higher prevalence of the metabolic syndrome 
in schizophrenia patients than in the general population, estimated at 36–58%, according to 
the individual studies and the definition adopted [111–113].

Also the prevalence rates of diabetes per se are two to three times higher than in the 
general population and incidence rates are also disproportionately high [94, 98, 114, 115]. 
Moreover, changes in glucose tolerance, including new-onset diabetes, can occur very early 
after initiation of atypical antipsychotic treatment [76], which justifies the intensive glucose 
monitoring that has been recommended at the beginning of antipsychotic therapy [110]. 
The occurrence of diabetes generally follows the development of obesity but in as many as 
25% of the patients it can occur without any increase in weight [116]. Antipsychotic-induced 
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diabetes commonly presents phenotypically as type 2, non-insulin-dependent diabetes, 
occasionally with its most severe complication of hyperosmolar non-ketotic coma. However, 
a presentation similar to type 1, insulin-dependent diabetes, including with diabetic ketoaci-
dosis, can also occur, and fatalities have been reported. Most case reports and studies based 
on adverse drug reaction reports have shown diabetes to present generally within the first 6 
months of treatment and to be reversible on drug withdrawal in approximately 70% of the 
cases. However, presentations after many years, followed by resolution of diabetes on drug 
withdrawal, have also been reported. Antipsychotic drugs can also induce deterioration of 
pre-existing diabetes [105–109, 117–126].

The impact of antipsychotic drugs on metabolic parameters varies widely according to 
individual drugs. It is considered higher overall for atypical than conventional antipsychotic 
drugs, but within these two large groups marked individual variations exist. Among the 
atypical antipsychotic drugs, the potential for glucose elevation, which accompanies that 
for weight increase and hyperlipidaemia, is the highest for clozapine and olanzapine, inter-
mediate for risperidone and quetiapine, and virtually non-existent for amisulpride [97, 110, 
127, 128].

Regarding aripiprazole, a large body of experimental and clinical evidence has shown this 
drug to be glucose and lipid neutral [81]. However, four cases of diabetic ketoacidosis and 
one of hyperosmolar coma in aripiprazole-treated patients have been published [129–133]. 
These cases, despite the very small numbers, the limitations of anecdotal evidence, and the 
contradiction to the rest of the published evidence, call for the need for safety checks also in 
patients on aripiprazole. Moreover, although most evidence points to a lack of or minimal 
weight gain in patients on aripiprazole [81], a few studies have also shown clinically signifi-
cant weight gain in 7–20% of patients [134–137].

pathophysiology

The cause of antipsychotic-related hyperglycaemia is uncertain but studies in human pan-
creatic islets have identified dopamine receptors in the β-cells: dopamine and dopaminergic 
agents modulate glucose-stimulated insulin secretion as well as having a putative role in 
hypothalamic regulation of metabolism. Whether dopamine has a predominantly stimu-
latory or inhibitory role is unclear, and may partly depend on the ambient concentration 
of glucose, catecholamines and dopamine itself, and on the type of receptor stimulated 
[138–141]. Several studies, including a recent trial in over 3000 patients, have shown that 
bromocriptine, a dopamine D2 agonist, decreases blood glucose and glycated haemoglo-
bin in diabetic patients, probably by improving insulin sensitivity or secretion [142–146]. 
Bromocriptine also reduces hyperphagia, hyperglycaemia, hypertriglyceridaemia and the 
fatty infiltration of non-alcoholic hepatic steatosis in a rat model of obesity [147]. Hence, both 
direct and indirect evidence point to the possibility that dopamine D2 receptor antagonism 
is involved in the adverse metabolic effects of antipsychotic drugs. This is further supported 
by the fact that aripiprazole, a partial D2 agonist [148], has been shown in clinical trials and 
observational studies not to increase blood glucose or lipids [80–83, 149–152].

Another important modulator of insulin secretion is serotonin. Antagonist activity at 
the 5-HT1A and 5-HT2C serotonin receptors and polymorphisms of the 5-HT2C serotonin 
receptor gene have been shown to be associated with weight gain and glucose intolerance 
[153–156]. Moreover, an experimental study has shown that 5-HT2C knockout mice develop 
insulin resistance, hyperglycaemia and obesity [157]. This is consistent with a major role of 
serotonin in glucose regulation: it helps to explain why drugs with antiserotoninergic activ-
ity, like most atypical antipsychotic drugs, can induce metabolic side-effects. Last, histamine 
receptor antagonist activity, which is the highest for clozapine and olanzapine, seems to be 
crucial in the development of weight gain, probably through a disruption of the appetite 
control mechanism [154, 158].
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management of tReatment-emeRgent metabolic complications

prevention

This could be attempted by choosing, as first-line therapy, an antipsychotic drug with mini-
mal metabolic impact. Obviously this has to be balanced with the patient’s psychiatric needs 
and with the probability of other side-effects. Among the atypical antipsychotic drugs, ami-
sulpride could be a suitable choice [159]. However, this drug’s ability to increase prolactin 
in virtually the totality of patients [8, 32] may limit its use, particularly in women, in whom 
hypogonadism is a frequent complication of hyperprolactinaemia [30, 32], and in children 
and adolescents, who are at greater risk than adults from antipsychotic side-effects [160]. 
Aripiprazole might be a better choice, as it generally has no deleterious effects on metabolic 
parameters or prolactin levels [81], is mostly well tolerated and, in a large randomized study, 
has been shown to be preferred by patients over standard care with olanzapine, quetiapine 
or risperidone [134]. Furthermore, in patients with antipsychotic-induced diabetes, switch-
ing to aripiprazole maintains the normalization or improvement of metabolic parameters 
achieved on withdrawal of the initial agent [80]. Three studies and a few case reports have 
also demonstrated that adjunctive aripiprazole can induce weight loss and improvements in 
plasma lipids in clozapine- or olanzapine-treated patients [82–86]. As to other antipsychotic 
drugs that seem not to induce weight gain or hyperprolactinaemia, asenapine [161] is not 
yet licensed and the glutamate receptor agonist LY2140023 [162] is still in an early phase of 
development.

Hence, prevention of metabolic side-effects simply by using the currently available agents 
with little metabolic impact would leave psychiatrists in the impossible situation of having to 
choose between only two drugs, namely amisulpride and aripiprazole. There is thus a com-
pelling need to develop other strategies to prevent weight gain, diabetes and dyslipidaemia.

The most logical preventative measure would be the introduction of a lifestyle interven-
tion programme, based on diet and physical exercise, for all patients starting antipsychotic 
treatment. An intensive intervention based on regular physical activity and a diet promoting 
a modest weight loss has proven highly effective in the prevention of diabetes in high-risk 
patients, as shown by a risk reduction of almost 60% in a large 3-year trial by the US National 
Institute of Health in the general population [163]. A pharmacological approach to the pre-
vention of diabetes in high-risk groups from the general population with a variety of drugs 
such as metformin, acarbose, glitazones and orlistat has been tested in 3- to 5-year clinical tri-
als. These have shown reductions in the incidence of diabetes of 31% with metformin to 60% 
with rosiglitazone [164]. However, of these drugs, acarbose and orlistat are poorly tolerated, 
and rosiglitazone may have detrimental effects on cardiovascular events, increase the risk of 
heart failure and promote weight gain [165]. Only metformin, because of its safety, efficacy 
and tolerability, has been recommended, at a dose of 850 mg twice daily, and in conjunc-
tion with lifestyle intervention, by the American Diabetes Association (ADA) for prevention 
of diabetes in very high-risk patients, such as those with both fasting hyperglycaemia and 
impaired glucose tolerance [166]. It would be reasonable to extend these recommendations 
to antipsychotic-treated patients with the same clinical characteristics. This management 
approach would obviously require the involvement of a diabetologist, being too specialized 
to be within the sole reach of the psychiatrist or the GP.

Metformin could also be useful in the prevention of weight increase, as the results of a 
recent trial showed attenuation of weight gain in drug-naive schizophrenia patients start-
ing olanzapine [167]. However, lifestyle intervention should always accompany pharma-
cological treatment. This is supported by the results of a trial by the same authors, which 
showed that lifestyle intervention plus metformin induced greater weight loss in long-term 
antipsychotic-treated patients than either intervention alone [168].
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screening

A joint statement by the ADA and the American Psychiatric Association (APA) in 2004 [110] 
suggested a strategy that should be applied to all patients starting on atypical antipsychotic 
drugs. However, despite the American and numerous other guidelines, the rate of screening 
for metabolic complications in antipsychotic-treated patients remains very low [73, 74, 111, 
169, 170]. No formal strategy has yet been suggested for patients who have been on long-
term antipsychotic treatment but have never been screened for metabolic complications. 
A reasonable approach could be to carry out a full screening as advised for first-time users 
and, if no abnormalities are detected, repeat it at yearly intervals. An important modifica-
tion to the ADA/APA screening schedule would be the addition of glycated haemoglobin 
(HbA1c) measurements to the fasting plasma glucose. This is both because HbA1c provides 
additional biochemical information, and because its results are not altered by food intake. 
Hence, HbA1c would be particularly valuable for patients in whom it is too difficult to obtain 
a fasting blood sample. Finally, attention should be paid to other risk factors for diabetes in 
these patients, namely a positive family history, South Asian or black ethnicity, age over 40 
years, obesity, hypertension and dyslipidaemia. Table 1.4 shows a suggested protocol for 
screening and initial management of patients starting an antipsychotic drug. Further man-
agement would obviously need to be individualized and would require a multidisciplinary 
approach with the involvement of the psychiatrist, the GP, a dietician and a diabetologist 
for the most complicated cases.

treatment

The first logical approach for patients with treatment-emergent metabolic complications 
would obviously be an attempt at switching to a medication with no or fewer side-effects. 

table 1.4 Suggested management protocol for diabetes, dyslipidaemia and obesity in patients starting 
antipsychotic drugs

baseline every visit 3 months 6 months
annually or 
6-monthly*

Medical/family history X
Assess risk factors X
Symptom enquiry X X
Education on symptoms of 

diabetes
X

Weight (body mass index) X X
Waist X X X X
Blood pressure X X X
Fasting plasma glucose X X X X
HbA1c X X X X
Total/HDL-/LDL-cholesterol, 

triglycerides
X X X X

Refer for lifestyle advice and long-
term support

X

Consider metformin† X X
Involve diabetologist‡ X

*Six-monthly for patients on clozapine or olanzapine.

†With drugs with high metabolic impact and/or in patients with rapid weight gain.

‡If starting metformin or if management problems arise.

HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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When switching is either impossible or unsuccessful in reversing the metabolic problem, or 
in the case of acute presentation such as diabetic ketoacidosis or hyperosmolar coma, this 
will have to be treated on its own merit. Diabetes and dyslipidaemia should be treated in the 
same fashion as in the general population. Management should always be shared with the 
GP and with a diabetologist in particularly difficult cases.

Regarding interventions to reduce weight gain, a 2007 Cochrane review showed a modest 
effect with selective pharmacological and non-pharmacological interventions in antipsy-
chotic-treated patients. However, published trials were few, small and of short duration, 
and the interventions were highly variable, so that firm conclusions could not be drawn 
[171]. However, more recent studies showed beneficial effects of metformin, alone or in 
combination with lifestyle intervention, in decreasing or stabilizing weight in antipsychotic-
treated adults and children [168, 172, 173]. Hence, despite some controversial evidence [174], 
metformin, particularly in combination with a diet and exercise programme, may be a clini-
cally useful treatment.

conclusions

Metabolic side-effects such as weight gain, diabetes and dyslipidaemia are common in 
antipsychotic-treated patients; there is a clear differential effect between individual drugs. 
These complications can explain in part the high cardiovascular morbidity and mortality of 
psychiatric patients. Despite numerous published guidelines, most metabolic side-effects 
remain undiagnosed and untreated. Potentially effective prevention and treatment strate-
gies are available, together with a simple screening protocol. Further research in this area, 
and the implementation of currently available clinical evidence, could help to improve the 
health of patients with severe mental illness.
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