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ABSTRACT
Objective: Clozapine is the preferred option for treatment-resistant 
schizophrenia. However, since 1975, clozapine has been known 
to cause agranulocytosis. In the clozapine screening guidelines, 
white blood cell count is mandatory. In the past 20 years, after 
its reintroduction, 3 other serious side effects, namely, diabetic 
ketoacidosis, gastrointestinal hypomotility, and myocarditis have 
been documented but have so far failed to be incorporated in the 
screening guidelines. The objective of this review is to determine 
whether an update of the screening guidelines for serious side 
effects with clozapine is evidence based.

Data Sources: The English-language literature, available via 
MEDLINE or PubMed, on the incidence of 4 clozapine-related side 
effects, using clozapine, agranulocytosis, diabetic ketoacidosis, and 
gastrointestinal hypomotility as keywords, that have been published 
over the period 1976–2010, was collected.

Study Selection: 16 studies that provided incidence rates or data 
from which these rates could be calculated were included.

Data Extraction: We compared 1-year incidence rates, mortality 
rates in the whole study population and in the affected cases. When 
rates reflected longer periods of observation, the given rate was 
recalculated to obtain a 1-year incidence rate.

Results: The incidence of clozapine-induced agranulocytosis 
varies between 3.8‰–8.0‰. The mortality rate is 0.1‰–0.3‰, and 
the case-fatality rate is 2.2‰–4.2‰. In diabetic ketoacidosis, the 
incidence was calculated at 1.2‰–3.1‰, and the case-fatality rate 
was 20%–31%. In gastrointestinal hypomotility, the incidence was 
4‰–8‰, and the case-fatality rate was 15%–27.5%. The discrepancy 
in incidence rates between Australia (7‰–34‰) and the rest of the 
world (0.07‰–0.6‰) impairs a general approach of this side effect.

Conclusions: In 2 of the 3 studied side effects, diabetic ketoacidosis 
and gastrointestinal hypomotility, reduction of mortality to the level 
of agranulocytosis is both necessary and feasible. In order to obtain 
this outcome, the screening guidelines need to be modified; early 
detection of treatment-emergent hyperglycemia, that might—via 
diabetes mellitus—develop into diabetic ketoacidosis, requires 
obligatory monthly measurement of fasting plasma glucose. To prevent 
gastrohypomotility, and complications therefrom, the clinician 
should be required to choose between either weekly monitoring 
or standard coprescription of laxatives for prevention. The reported 
incidence of myocarditis (high in Australia, low in the rest of the 
world) is too divergent to allow for an overall recommendation 
outside Australia.
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Following the introduction of clozapine in Finland 
in 1975, 18 patients treated for schizophrenia devel-

oped severe hematologic complications, 8 of whom 
died of agranulocytosis. This prompted the withdrawal 
of clozapine from the market, both nationally1 and 
internationally. However, a double-blind, random-
ized comparator study2 with chlorpromazine showed 
clozapine to be superior for the treatment of treatment-
resistant schizophrenia. This finding resulted in the 
reintroduction of clozapine, with mandatory weekly 
monitoring of blood cell counts during the initial phase 
of treatment—18 weeks in Europe3 and 26 weeks in 
the United States4—and monthly monitoring there-
after. The superior therapeutic effect of clozapine was 
confirmed in comparison with second-generation anti-
psychotics.5–7 However, despite its efficacy, clozapine is 
considered a dangerous drug because of the serious side 
effect agranulocytosis, which, in most cases, develops 
in the initial phase of treatment.8 Two epidemiologic 
studies have reported a lower mortality with clozapine 
than with first-generation antipsychotics9,10 and second-
generation antipsychotics,10 but these findings have not 
been verified.11 Moreover, the study by Tiihonen et al10 
has been criticized on methodological grounds.12 Thus, 
for the moment, it is unclear whether clozapine use is 
associated with a lower or higher mortality.

After clozapine’s reintroduction, however, 3 other 
new, rare, but potentially fatal side effects of clozapine 
have been identified, namely, diabetic ketoacidosis, 
gastrointestinal hypomotility, and myocarditis. Like 
agranulocytosis, diabetic ketoacidosis and myocarditis 
mainly develop in the first phase of treatment, whereas 
only in a minority of cases (36.3%) does gastrointestinal 
hypomotility develop in the first 4 months of treatment.13 
Current monitoring protocols do not cover these com-
plications,14,15 and the question is whether screening for 
these potentially fatal complications should be incorpo-
rated into the clozapine treatment protocol. This review 
discusses the incidence and mortality of agranulocytosis 
and the need for guidance on monitoring and risk man-
agement for other potentially fatal complications.

DATA SOURCES

The English-language literature available via 
MEDLINE or PubMed was searched over the period 
1976–2010 for studies on the incidence of 4 clozapine-
related side effects, using clozapine, agranulocytosis, 
diabetic ketoacidosis, and gastrointestinal hypomotility.
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STUDY SELECTION AND DATA EXTRACTION

Sixteen studies that provided incidence rates or data 
from which these rates could be calculated were included.

We compared 1-year incidence rates, mortality rates 
in the whole study population, and mortality rates in the 
affected cases. When rates reflected longer periods of obser-
vation, the given rate was recalculated to obtain a 1-year 
incidence rate.

RESULTS

Agranulocytosis: Incidence and Mortality
Agranulocytosis is characterized by a total leukocyte 

count lower than 3.0 × 109/L and a granulocyte count lower 
than 1.5 × 109/L. Granulocyte counts lower than 0.5 × 109/L 
result in a severely compromised resistance, such that the 
risk of fulminant and fatal infections is greatly increased. 
It is not easy to calculate the annual incidence of agranulo-
cytosis for 2 reasons. First, agranulocytosis does not occur 
at a constant rate throughout treatment. Of the cases of 
agranulocytosis reported in 1 study,16 95.9% (70 of 73) 
occurred within the first 26 weeks of treatment and 4.1% 
(3 of 73) in the second 26 weeks; a second study17 found 
that 89.6% (43 of 48) of the cases occurred within the first 
18 weeks of treatment and 10.4% (5 of 48) in the remain-
ing 34 weeks. Second, the dropout rate during clozapine 
treatment is substantial. Of 11,555 patients included in the 
study, 11,033 were still participating at 1 month, 8,608 at 
3 months, and 5,780 at 6 months.16 For these reasons, it 
is more appropriate to report cumulative incidence rather 
than the annual incidence.

The incidence of clozapine-induced agranulocytosis, 
based on 4 studies involving a total of 130,133 patients, varies 
between 3.8‰—in by far the biggest study (N = 99,502)18—
and 8.0‰. However, it should be noted that the mandatory 
nature of white blood cell monitoring means that, in some 
cases, clozapine might be withdrawn before agranulocyto-
sis develops, when patients are mildly leukopenic. In other 
words, the real-life incidence of agranulocytosis is probably 

higher than that reported in the literature. The mortality 
rate is 0.1‰–0.3‰ and the case-fatality rate is 2.2%–4.2% 
(Table 1).

Diabetic Ketoacidosis
Diabetic ketoacidosis is characterized by the triad of 

hyperglycemia, anion gap metabolic acidosis, and keto
nemia. Metabolic acidosis is often the major finding. 
The serum glucose concentration is usually higher than  
500 mg/dL (27.8 mmol/L) but lower than 800 mg/dL (44.4 
mmol/L). However, serum glucose concentrations may 
exceed 900 mg/dL (50 mmol/L) in patients with diabetic 
ketoacidosis who are comatose.19

The incidence and mortality of diabetic ketoacidosis 
were investigated in 3 studies (Table 2). In a large study,20 
the prevalence of the number of patients hospitalized for 
diabetic ketoacidosis was investigated in 56,849 nondiabetic 
patients with schizophrenia who had at least 3 months of 
stable antipsychotic monotherapy. The authors calculated 
the annual incidence of diabetic ketoacidosis by multiplying 
the prevalence of diabetic ketoacidosis by a factor of 0.6. 
This is the same factor used to calculate the annual incidence 
of diabetes mellitus (4.4%) on the basis of the prevalence of 
new-onset diabetes mellitus (7.3%). In this way, the annual 
incidence of diabetic ketoacidosis was calculated at 1.2‰, 
based on a diabetic ketoacidosis prevalence of 2‰. In 2007, 
Henderson et al21 reviewed the records of all patients admit-
ted to a hospital in Boston, Massachusetts, over a 7-year 
period for diabetic ketoacidosis, comparing patients with 
schizophrenia with the general population. The 7-year inci-
dence of diabetic ketoacidosis was 2.2%, giving an annual 
incidence of 0.31% (3.1‰). Koller et al22 used data from 
published articles or case reports on new-onset or exacerba-
tions of existing diabetes mellitus to determine the mortality 
rate of diabetic ketoacidosis in clozapine-treated patients 
with or without diabetic ketoacidosis. Because the data came 
from an era when it was not routine practice to screen fasting 
glucose levels, the calculated incidence rates are probably not 
reliable because of potential underreporting. The incidence 
of diabetic ketoacidosis in clozapine-treated patients with 
schizophrenia was calculated at 1.2‰–3.1‰, much higher 
than the general population incidence of 0.4‰ in the United 
States23 and 0.1‰ in Denmark.24 The case-fatality rate of 
diabetic ketoacidosis in patients with schizophrenia was 
also much higher (20%–31%) than in the general population 
(4%).24 A source for mortality rates of diabetic ketoacidosis 
in the United States comparable to the one calculated by 
Henriksen et al24 for Denmark has not been found and is 
probably not available. The Centers for Disease Control and 
Prevention comes nearest to providing that information.23

Gastrointestinal Hypomotility
In gastrointestinal hypomotility, diminished propulsive 

activity in the intestines leads to constipation. Constipation 
is a common side effect of clozapine. A study25 involving 479 
patients monitored for 104 weeks revealed that 25.1% of the 
patients taking clozapine reported being constipated. In rare 
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Screening guidelines during the initial phase of ■■
treatment with clozapine have been restricted to the 
obligatory white blood cell monitoring. We propose 2 
revisions, both extensions, of the existing screening 
guidelines.

First, monthly screening of fasting plasma glucose should ■■
be obligatory in the first 3 months of clozapine therapy.

Second, monitoring of gastrointestinal hypomotility ■■
should become an integral part of regular screening, not 
only in the initial but also during the maintenance phase.

Screening for myocarditis or cardiomyopathy is, outside ■■
Australia and New Zealand, not evidence based.
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instances, constipation can lead to paralytic ileus, megaco-
lon, colon ischemia, colon perforation, acute abdomen, and, 
ultimately, death. Two population studies have documented 
the incidence and case-fatality rate of gastrointestinal hypo-
motility in patients being treated with clozapine (Table 3). 
In a case-register study of 25,383 patients treated with clo-
zapine in Australia or New Zealand (1988–2007), Palmer et 
al13 identified 102 cases of gastrointestinal hypomotility or 
constipation that resulted in hospital admission (28 cases 
from studies and 74 from case reports); 28 patients died, 
giving a case-fatality rate of 27.5%. Because of possible publi-
cation bias, the mortality rate was calculated for case reports 
only, which yielded a case-fatality rate of 20.3% (15 of 74). 
The case-fatality rate of cases reported to the US Food and 
Drug Administration was 21.9% (7 of 32),26 nearly identical 
to 20.3% reported among Australian patients. Danish regis-
try data for psychiatric and somatic hospitals revealed that 
ileus was diagnosed in 20 of 2,508 patients (0.8%) treated 
with clozapine in the period 1996–2007, 3 of whom died, a 
number corresponding with a case-fatality rate of 15%.27

Myocarditis
Clozapine-associated myocarditis is characterized by 

tachycardia or hypotension accompanied by other recent-
onset symptoms (dizziness, palpitations, dyspnea, or chest 
pain) or symptoms of heart failure (arrhythmia, edema, 
raised jugular venous pressure).28 Kilian et al29 were the first 
to draw attention to the increased incidence and mortality of 

myocarditis in Australian patients 
treated with clozapine, and their 
findings were subsequently rep-
licated in other studies. However, 
because most studies do not report 
the exact number of years of expo-
sure to clozapine, it is not possible 
to calculate the annual incidence 
of clozapine-associated myocardi-

tis. The incidence of clozapine-associated myocarditis has 
been reported to be 0.07‰ (based on worldwide Novartis 
pharmacovigilance reporting and about 3 million patient-
years of data30). In contrast, incidence rates from much 
smaller populations in Australia have been reported to be 
13‰–34‰ in Brisbane in 1992–200228 and 7‰–12‰ in 
the entire Australian population over the same time period 
(Table 4).31

In the Australian study, 10 of the 116 patients with myo-
carditis were also diagnosed with cardiomyopathy. This is 
somewhat unusual because cardiomyopathy, unlike myo-
carditis, is not an acute but a chronic disorder. Even more 
unusual, the cardiomyopathy developed within 3 weeks of 
the start of clozapine in 4 of the 10 patients.31 In the same 
period, cardiomyopathy was diagnosed in 90 clozapine-
treated patients. Unfortunately, it is not possible to establish 
how many patients were incorrectly diagnosed with car-
diomyopathy or myocarditis.31 However, even if the lowest 
figure (0.7%) is correct, the incidence of myocarditis in 
Australia is still much higher than the Novartis-reported 
incidence of 0.07‰.30

Better functioning pharmacovigilance31 and colocation 
of cardiac and psychiatric wards28 have been suggested to 
explain not only the higher Australian incidence rate of 
0.7%–1.2% (7‰–12‰)31 but also the lower case-fatality rate 
(0%–13.5%). The incidence rates outside Australia—which 
include 0.07‰ (worldwide),30 0.15‰ (United States),32 0.29‰ 
(Germany plus Switzerland),33 and 0.6‰ (Canada),34—are 

Table 1. Agranulocytosis: Cumulative Incidence (per 1,000 patients) and Mortality
Agranulocytosis Mortality

Study Study Population, N n Incidence, ‰ n Study Population, ‰ Cases of Agranulocytosis, %
Alvir et al16 11,555 73 8.0 2 0.2 2.7
Atkin et al17 6,316 43 8.0 2 0.3 4.2
Munro et al8 12,760 93 7.3 2 0.2 2.2
Honigfeld et al18 99,502 382 3.8 12 0.1 3.1
 

Table 2. Diabetic Ketoacidosis: Incidence and Mortality

Study
Population

Diabetic 
Ketoacidosis Mortality

Study Population, N Clozapine, n n Incidence, ‰ n Study Population, ‰ Cases of Diabetic Ketoacidosis, %
Leslie and Rosenheck20 56,849 NA 88 1.2 NA NA NA
Henderson et al21 2,123a 226 5b 3.1 1c 4.4 20
Koller et al22 NA 678,700 80 0.1 25 0.2 31
aNumber of study population is the sum of the number of patients taking olanzapine (n = 776), risperidone (n = 585), quetiapine (n = 479), clozapine 

(n = 226), and ziprasidone (n = 57).
bReference Table 1 in Henderson et al.21
cReference Table 3 in Henderson et al.21 Patient 4, who was treated with clozapine (see Table 1 in Henderson et al21), died.
Abbreviation: NA = not applicable.  

Table 3. Gastrointestinal Hypomotility: Incidence and Mortality
Ileus Mortality

Study Clozapine, n n Incidence, ‰ n Study Population, ‰ Cases of Ileus, %
De Hert et al26 NA 320 NA 70 NA 21.9
Nielsen and Meyer27 2,508 20 8 3 1.19 15.0
Palmer et al13 25,383 102 4 25 0.98 20.3–27.5a

aFifteen of the 74 reported cases (20.3%) died; 28 of 102 reported plus published cases (27.5%) died.
Abbreviation: NA = not applicable.  
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systematically 10 times or more lower than the rates found 
in Australia, thereby precluding not only efforts to establish a 
definite incidence rate but also a worldwide, evidence-based 
monitoring protocol.

Comparison of the Incidence and Mortality  
of Agranulocytosis, Diabetic Ketoacidosis,  
and Gastrointestinal Hypomotility

The incidence of agranulocytosis is 1.2–6.7 times higher 
than that of diabetic ketoacidosis and 0.95–2 times higher 
than that of gastrointestinal hypomotility (Table 5). However, 
as mentioned above, only the incidence of agranulocytosis 
can be considered established; the incidences of diabetic 
ketoacidosis and gastrointestinal hypomotility should be 
considered provisional at the moment. The mortality rate 
of these complications associated with clozapine use is low, 
about 0.1‰–1.19‰, with the exception of diabetic ketoaci-
dosis, which has a mortality rate of 4.4‰. The case-fatality 
rate of agranulocytosis is also relatively low, 2.2%–4.2%, 
whereas that of the other complications is 10 times higher, 
ranging from 15%–27.5% (gastrointestinal hypomotility) to 
20%–31% (diabetic ketoacidosis).

DISCUSSION

There have been few studies of gastrointestinal hypomo-
tility and diabetic ketoacidosis, and, with the exception of 
the hospital registry study,21 available data come from case 
reports, where a certain form of bias cannot be ruled out as 
not all cases are reported, and cases in which the patient dies 
are more likely to be reported. In addition, differences in the 
design, duration, and execution of studies make comparison 
difficult.

The incidence of agranulocy-
tosis, diabetic ketoacidosis, and 
gastrointestinal hypomotility 
ranges from 1.2‰ to 8‰, with 
a median around 3‰–4‰. The 
case-fatality rate ranges from 
2%–3% for agranulocytosis to 
15%–68% for diabetic ketoacido-
sis, gastrointestinal hypomotility, 
and myocarditis. The most plau-

sible explanation for this substantial difference in mortality 
is a difference in detection: screening for agranulocytosis 
is mandatory, and the frequency of screening is adapted to 
the risk, such that weekly screening is mandated during the 
“high-risk” first 18–24 weeks of treatment and thereafter 
monthly for the duration of treatment. Thus, neutropenia 
or agranulocytosis will be detected in an early stage in virtu-
ally all patients. Moreover, because clinicians are aware of 
this complication of clozapine therapy, they will be more 
likely to recognize fever or, more rarely, fulminant agranu-
locytosis as side effects of treatment in patients taking 
clozapine than in other patients not taking clozapine. The 
case-fatality rate of agranulocytosis has decreased from 46% 
in the 1970s32 to 2%–4% nowadays.

In contrast, screening for diabetic ketoacidosis is car-
ried out much more sporadically in patients treated with 
clozapine, with glucose levels being measured annually in 
only about 10%–25% of patients.33–35 It is probably valid to 
conclude that the frequency of screening during the first 3 
critical months of therapy is inadequate not only for diabetic 
ketoacidosis but also for gastrointestinal hypomotility.

There is currently no monitoring protocol for the ade-
quate and timely detection of diabetic ketoacidosis and 
gastrointestinal hypomotility. The most recent protocol 
(2007)14 does not mention diabetic ketoacidosis or gastro-
intestinal hypomotility and neither do other articles15,36 
reporting on the advantages/disadvantages of clozapine 
therapy. We advocate adopting an approach to diabetic 
ketoacidosis and gastrointestinal hypomotility similar 
to that used for agranulocytosis and with the same aim: 
namely, early detection to ensure adequate treatment in 
the early, mild stage of disease; fewer cases of full-blown 
disease, with its higher mortality rate; and, ultimately, lower 

Table 4. Myocarditis: Incidence and Mortality
Myocarditis Mortality

Study Country N n Incidence, ‰ n Study Population, ‰ Cases of Myocarditis, %
Reinders et al28 Australia 235 3–8a 13–34 0 0 0.0
Haas et al31 Australia 10,031–17,075b 116 7–12 12 0.7–1.2 13.5
Novartis Canada30 Canada 15,600 9 0.6 3 0.2 33.0
La Grenade et al32 United States 189,405 28 0.15 18 0.09 68.0
Degner et al33 Germany and Switzerland 10,263 3 0.29 0 0 0.0
Novartis worldwide30 3,000,000 213 0.07 50 Not applicable 23.5
aThe authors report that “Consensus panel reevaluation of the 8 cases of clozapine-related myocarditis resulted in their stratification into the following 

categories of diagnostic likelihood: 3 highly probable cases, 3 probable cases, and 2 possible cases.”28(p919)
bThe authors (Haas et al31) attribute the divergent size of the study population to the existence of 2 Australian registries that are relevant to this table, one 

by Novartis (N = 13,553) and a second by Mayne Pharmacy (N = 3,522)—“These numbers represent the estimated incidence in Australia up to 2003 
by using the 2 extreme scenarios: (1) duplicate patients in both clozapine registries (13,553 − 3,522 = 10,031) and (2) no duplicated patients in either 
registry (13,553 + 3,522 = 17,075).”31(p50) 

Table 5. Comparison of Incidence and Mortality
Mortality

Variable Incidence, Study Population, ‰ Study Population, ‰ Affected Cases, %
Agranulocytosis 3.8–8.0 0.1–0.3 2.2–4.2
Diabetic ketoacidosis 1.2–3.1 0.2–4.4 20.0–31.0
Gastrointestinal hypomotility 4.0–8.0 0.98–1.19 15.0–27.5
Myocarditis

Australia 7.0–34.0 0–1.2 0–13.0
Other countries 0.07–0.6 0–0.2 0–68.0
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incidence of and mortality from diabetic ketoacidosis and gas-
trointestinal hypomotility. 

Myocarditis—A Case Apart
The large difference in the incidence of myocarditis 

between Australia and New Zealand and the rest of the world 
can probably be partly ascribed to a more active screening 
policy in the 2 former countries. Indeed, the incidence data 
are so discrepant that further investigations are needed before 
screening recommendations can be formulated. Until then, 
the Victorian consensus statement regarding monitoring for 
cardiac adverse events14 cannot be considered valid for other 
countries. That said, clinicians should be alert to the possible 
development of myocarditis or cardiomyopathy during the 
first 3 months of treatment and should order appropriate tests 
if these disorders are suspected.

Strength of the Evidence
It can be questioned whether the available evidence—3 

studies of diabetic ketoacidosis (2 epidemiologic reports and 
1 case report) and 3 of gastrointestinal hypomotility—is strong 
enough to draw valid conclusions about the necessity of screen-
ing. In this regard, it might be useful to look at the early history 
of clozapine. In 1975, clozapine was used to treat 2,500–3,200 
patients in Finland, which resulted in a 2.5% annual incidence 
of clozapine-associated agranulocytosis,37 a much higher rate 
than the incidence of 0.3‰ reported in non-Finnish popula-
tions.38 On these grounds, clozapine was withdrawn, only to 
be relicensed under strict conditions 15 years later. In contrast, 
the incidence of diabetic ketoacidosis and gastrointestinal 
hypomotility has been investigated in much larger patient 
samples (58,972 patients for diabetic ketoacidosis and 25,383 
patients for gastrointestinal hypomotility), suggesting that it 
is not necessary to wait for the results of further studies and 
that frequent screening for the early detection and treatment 
of these disorders can be recommended on the basis of avail-
able evidence. The aim of such recommendations is to reduce 
mortality to a level comparable to that for agranulocytosis.

Extension of routine monitoring of glucose measurements 
and preventive treatment of gastrointestinal hypomotility 
might aid to overcome the clinician’s hesitancy in prescrib-
ing clozapine. Despite its superior effect, clozapine is often 
prescribed late in the disease course, possibly because clini-
cians are concerned about the risk of agranulocytosis and the 
associated testing obligations. In clinical practice, the use of 
clozapine is delayed, on average, for up to 5 years, and patients 
receive more than 5 antipsychotics before being prescribed 
clozapine.39 Studies have revealed that a mean interval of 
almost 10 years elapses between the first contact with a health 
provider and the initiation of clozapine treatment.40 Thus, a 
drug of proven superior efficacy is prescribed much too late. 
Not surprisingly, several authors have advocated the earlier use 
of clozapine,15,36,41 as do we. However, we advocate adding 2 
conditions to its use. First, all treatment with clozapine should 
be provided by experienced psychiatrists who are fully aware 
of the potentially serious complications that can occur in the 
first few months of treatment. Second, psychiatrists should 

take steps to ensure that patients are seen every week and 
asked about or investigated for the development of these 
serious, potentially lethal, complications of clozapine. Only 
in this way can a balance be achieved between underutili-
zation and delayed clozapine therapy on the one hand and 
irresponsible treatment with an increased risk of unrecog-
nized serious complications on the other.

CONCLUSION

Screening guidelines during the initial phase of treat-
ment with clozapine have been restricted to the obligatory 
white blood cell monitoring. On the basis of recent lit-
erature, which has shown that mortality rates of diabetic 
ketoacidosis and of gastrointestinal hypomotility are 10 
times as high as the mortality rate of agranulocytosis, we 
propose 2 revisions, both extensions, of the existing screen-
ing guidelines.

First, monthly screening of fasting plasma glucose should 
be obligatory in the first 3 months of clozapine therapy. 
Practically, the routine scheme consists of 5 measurements 
of fasting plasma glucose: at baseline; after 1, 2, 3, and 6 
months of treatment; and thereafter annually. Because of 
the weekly blood sample taking, we consider the additional 
burden of 4 times fasting to be both acceptable and practi-
cable. In the rare instances in which fasting blood samples 
cannot be taken, glucose can be measured in nonfasting 
samples with an important caveat: while hemoglobin A1c 
levels, which reflect mean glucose levels in the preceding 
8–12 weeks, are a reliable predictor of the long-term (10–20 
years) complications of diabetes mellitus, they are not a sen-
sitive marker of rapidly developing hyperglycemia. Fasting 
plasma glucose is clearly superior and therefore preferable.

Second, monitoring of gastrointestinal hypomotility 
should become an integral part of regular screening, not 
only in the initial but also during the maintenance phase. 
Two options are open to the clinician. First, the clinician 
could integrate questioning of bowel movements as a rou-
tine part of every visit of the patient. Whenever indicated, 
the questioning can be extended to physical examination of 
the abdomen and/or prescription of macrogol laxative. A 
second option is preventive laxative maintenance treatment 
in all patients. Practically, this option would mean that, in 
every patient, prescription of clozapine is accompanied by 
prescription of macrogol.

We expect that the introduction and implementation 
of these guidelines will bring the mortality rate of diabetic 
ketoacidosis and gastrointestinal hypomotility down to a 
level comparable to that of agranulocytosis. We also hope 
that the guideline will contribute to the timely and respon-
sible prescription of clozapine so that more patients will 
benefit, in an earlier stage, from this drug.

Screening for myocarditis or cardiomyopathy is, outside 
Australia and New Zealand, not evidence based.

Drug names: clozapine (Clozaril, FazaClo, and others), olanzapine 
(Zyprexa and others), quetiapine (Seroquel and others), risperidone 
(Risperdal and others), ziprasidone (Geodon and others).



© 2012 COPYRIGHT PHYSICIANS POSTGRADUATE PRESS, INC. NOT FOR DISTRIBUTION, DISPLAY, OR COMMERCIAL PURPOSES. 

Screening in Initial Phase of Clozapine Therapy

1312 J Clin Psychiatry 73:10, October 2012

Author affiliations: FACT-team Heerhugowaard, Department of Severe 
Mental Illness, Mental Health Care Organization, North-Holland North 
and Department of Epidemiology, University Medical Center Groningen, 
(Dr Cohen); Mental Care Organization Rivierduinen, Leidschendam (Dr 
Bogers); Mental Care Organization Friesland, Franeker (Dr van Dijk); 
Parnassia Bavo Castricum, Castricum (Dr Bakker); and Short-term 
treatment, Mental Health Care Organization North-Holland North, 
Alkmaar (Dr Schulte), The Netherlands. All authors belong to the Dutch 
Clozapine Collaboration Group, a work group of psychiatrists specialized 
in all aspects of treatment with clozapine.
Potential conflicts of interest: Dr Cohen has received honoraria from 
AstraZeneca, Bristol-Myers Squibb, and Eli Lilly and has served on 
speakers or advisory boards of AstraZeneca and Bristol-Myers Squibb.  
Dr Schulte has received honoraria from AstraZeneca, Bristol-Myers 
Squibb, and Eli Lilly. Drs Bogers, van Dijk, and Bakker have no financial 
or other relationship relevant to the subject of this article.
Funding/support: None reported.
Previous presentations: Parts of the article have been presented at the 
Congress of the World Psychiatric Association; April 1–4, 2009; Florence, 
Italy; and at the 16th Biennial Winter Workshop in Psychoses; January 
30–February 2, 2011; Innsbruck, Austria.

REFERENCES

  1.	 Idänpään-Heikkilä J, Alhava E, Olkinuora M, et al. Clozapine and 
agranulocytosis [letter]. Lancet. 1975;2(7935):611. PubMed

  2.	 Kane JM, Honigfeld G, Singer J, et al. Clozapine for the treatment-
resistant schizophrenic: a double-blind comparison with chlorpromazine. 
Arch Gen Psychiatry. 1988;45(9):789–796. doi:10.1001/archpsyc.1988.01800330013001 PubMed

  3.	 Committee for Proprietary Medicinal Products (CPMP) summary 
information on referral opinion following arbitration pursuant to article 
30 of council directive 2001/83/EC for Leponex and associated names. 
European Agency for the Evaluation of Medicinal Products Web site.  
http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_
document/Leponex_30/WC500010966.pdf. Published November 12, 
2002. Accessed July 19, 2012.

  4.	 Clozaril [package insert]. US Food and Drug Administration Web site. 
http://www.accessdata.fda.gov/drugsatfda_docs/
label/2005/019758s054lbl.pdf?utm_campaign=Google2&utm_
source=fdaSearch&utm_medium=website&utm_term=clozaril&utm_
content=4. Updated November 2004. Accessed June 5, 2012.

  5.	 McEvoy JP, Lieberman JA, Stroup TS, et al; CATIE Investigators. 
Effectiveness of clozapine versus olanzapine, quetiapine, and risperidone 
in patients with chronic schizophrenia who did not respond to prior 
atypical antipsychotic treatment. Am J Psychiatry. 2006;163(4):600–610. doi:10.1176/appi.ajp.163.4.600 PubMed

  6.	 Lewis SW, Barnes TRE, Davies L, et al. Randomized controlled trial of 
effect of prescription of clozapine versus other second-generation 
antipsychotic drugs in resistant schizophrenia. Schizophr Bull. 
2006;32(4):715–723. doi:10.1093/schbul/sbj067 PubMed

  7.	 Leucht S, Corves C, Arbter D, et al. Second-generation versus first-
generation antipsychotic drugs for schizophrenia: a meta-analysis. 
Lancet. 2009;373(9657):31–41. doi:10.1016/S0140-6736(08)61764-X PubMed

  8.	 Munro J, O’Sullivan D, Andrews C, et al. Active monitoring of 12,760 
clozapine recipients in the UK and Ireland: beyond pharmacovigilance. 
Br J Psychiatry. 1999;175(6):576–580. doi:10.1192/bjp.175.6.576 PubMed

  9.	 Walker AM, Lanza LL, Arellano F, et al. Mortality in current and former 
users of clozapine. Epidemiology. 1997;8(6):671–677. PubMed

10.	 Tiihonen J, Lönnqvist J, Wahlbeck K, et al. 11-year follow-up of mortality 
in patients with schizophrenia: a population-based cohort study (FIN11 
study). Lancet. 2009;374(9690):620–627. doi:10.1016/S0140-6736(09)60742-X PubMed

11.	 Kelly DL, McMahon RP, Liu F, et al. Cardiovascular disease mortality  
in patients with chronic schizophrenia treated with clozapine:  
a retrospective cohort study. J Clin Psychiatry. 2010;71(3):304–311. doi:10.4088/JCP.08m04718yel PubMed

12.	 De Hert M, Correll CU, Cohen D. Do antipsychotic medications reduce 
or increase mortality in schizophrenia? a critical appraisal of the FIN-11 
study. Schizophr Res. 2010;117(1):68–74. doi:10.1016/j.schres.2009.12.029 PubMed

13.	 Palmer SE, McLean RM, Ellis PM, et al. Life-threatening clozapine-
induced gastrointestinal hypomotility: an analysis of 102 cases.  
J Clin Psychiatry. 2008;69(5):759–768. doi:10.4088/JCP.v69n0509 PubMed

14.	 Berk M, Fitzsimons J, Lambert T, et al. Monitoring the safe use of 
clozapine: a consensus view from Victoria, Australia. CNS Drugs. 
2007;21(2):117–127. doi:10.2165/00023210-200721020-00003 PubMed

15.	 Agid O, Foussias G, Singh S, et al. Where to position clozapine:  
re-examining the evidence. Can J Psychiatry. 2010;55(10):677–684. PubMed

16.	 Alvir JMJ, Lieberman JA, Safferman AZ, et al. Clozapine-induced 
agranulocytosis: incidence and risk factors in the United States.  

N Engl J Med. 1993;329(3):162–167. doi:10.1056/NEJM199307153290303 PubMed
17.	 Atkin K, Kendall F, Gould D, et al. Neutropenia and agranulocytosis in 

patients receiving clozapine in the UK and Ireland. Br J Psychiatry. 
1996;169(4):483–488. doi:10.1192/bjp.169.4.483 PubMed

18.	 Honigfeld G, Arellano F, Sethi J, et al. Reducing clozapine-related 
morbidity and mortality: 5 years of experience with the Clozaril National 
Registry. J Clin Psychiatry. 1998;59(suppl 3):3–7. PubMed

19.	 Kitabchi AE, Umpierrez GE, Murphy MB, et al. Hyperglycemic crises in 
adult patients with diabetes: a consensus statement from the American 
Diabetes Association. Diabetes Care. 2006;29(12):2739–2748. doi:10.2337/dc06-9916 PubMed

20.	 Leslie DL, Rosenheck RA. Incidence of newly diagnosed diabetes 
attributable to atypical antipsychotic medications. Am J Psychiatry. 
2004;161(9):1709–1711. doi:10.1176/appi.ajp.161.9.1709 PubMed

21.	 Henderson DC, Cagliero E, Copeland PM, et al. Elevated hemoglobin A1c 
as a possible indicator of diabetes mellitus and diabetic ketoacidosis in 
schizophrenia patients receiving atypical antipsychotics. J Clin Psychiatry. 
2007;68(4):533–541. doi:10.4088/JCP.v68n0407 PubMed

22.	 Koller EA, Schneider B, Bennett K, et al. Clozapine-associated diabetes 
Am J Med. 2001;111(9):716–723. doi:10.1016/S0002-9343(01)01000-2

23.	 Centers for Disease Control and Prevention. Diabetic ketoacidosis as 
first-listed diagnosis. http://www.cdc.gov/diabetes/statistics/dkafirst/
table7.htm. Updated April 20, 2012. Accessed June 6, 2012.

24.	 Henriksen OM, Røder ME, Prahl JB, et al. Diabetic ketoacidosis in 
Denmark incidence and mortality estimated from public health registries. 
Diabetes Res Clin Pract. 2007;76(1):51–56. doi:10.1016/j.diabres.2006.07.024 PubMed

25.	 Meltzer HY, Alphs L, Green AI, et al; International Suicide Prevention 
Trial Study Group. Clozapine treatment for suicidality in schizophrenia: 
International Suicide Prevention Trial (InterSePT). Arch Gen Psychiatry. 
2003;60(1):82–91. doi:10.1001/archpsyc.60.1.82 PubMed

26.	 De Hert M, Hudyana H, Dockx L, et al. Second-generation antipsychotics 
and constipation: a review of the literature. Eur Psychiatry. 2011;26(1): 
34–44. doi:10.1016/j.eurpsy.2010.03.003 PubMed

27.	 Nielsen J, Meyer JM. Risk factors for ileus in patients with schizophrenia. 
Schizophr Bull. 2012;38(3):592–598. doi:10.1093/schbul/sbq137 PubMed

28.	 Reinders J, Parsonage W, Lange D, et al. Clozapine-related myocarditis 
and cardiomyopathy in an Australian metropolitan psychiatric service. 
Aust N Z J Psychiatry. 2004;38(11–12):915–922. doi:10.1080/j.1440-1614.2004.01481.x PubMed

29.	 Kilian JG, Kerr K, Lawrence C, et al. Myocarditis and cardiomyopathy 
associated with clozapine. Lancet. 1999;354(9193):1841–1845. doi:10.1016/S0140-6736(99)10385-4 PubMed

30.	 Novartis Pharmaceuticals Canada. Association of Clozaril (clozapine) 
with cardiovascular toxicity. http://www.hc-sc.gc.ca/dhp-mps/medeff/
advisories-avis/prof/_2002/clozaril_hpc-cps-eng.php.Updated February 
19, 2009. Accessed June 5, 2012.

31.	 Haas SJ, Hill R, Krum H, et al. Clozapine-associated myocarditis: a review 
of 116 cases of suspected myocarditis associated with the use of clozapine 
in Australia during 1993–2003. Drug Saf. 2007;30(1):47–57. doi:10.2165/00002018-200730010-00005 PubMed

32.	 La Grenade L, Graham D, Trontell A. Myocarditis and cardiomyopathy 
associated with clozapine use in the United States. N Engl J Med. 
2001;345(3):224–225. doi:10.1056/NEJM200107193450317 PubMed

33.	 Degner D, Bleich S, Grohmann R, et al. Myocarditis associated with 
clozapine treatment. Aust N Z J Psychiatry. 2000;34(5):880. doi:10.1080/j.1440-1614.2000.0822n.x PubMed

34.	 Anderman B, Griffith RW. Clozapine-induced agranulocytosis: a situation 
report up to August 1976. Eur J Clin Pharmacol. 1977;11(3):199–201. doi:10.1007/BF00606410 PubMed

35.	 Barnes TRE, Paton C, Cavanagh M-R, et al; UK Prescribing Observatory 
for Mental Health. A UK audit of screening for the metabolic side effects 
of antipsychotics in community patients. Schizophr Bull. 2007;33(6): 
1397–1403. doi:10.1093/schbul/sbm038 PubMed

36.	 Morrato EH, Newcomer JW, Allen RR, et al. Prevalence of baseline serum 
glucose and lipid testing in users of second-generation antipsychotic 
drugs: a retrospective, population-based study of Medicaid claims data. 
J Clin Psychiatry. 2008;69(2):316–322. doi:10.4088/JCP.v69n0219 PubMed

37.	 Haupt DW, Rosenblatt LC, Kim E, et al. Prevalence and predictors of lipid 
and glucose monitoring in commercially insured patients treated with 
second-generation antipsychotic agents. Am J Psychiatry. 2009;166(3): 
345–353. doi:10.1176/appi.ajp.2008.08030383 PubMed

38.	 Kerwin R. When should clozapine be initiated in schizophrenia? some 
arguments for and against earlier use of clozapine. CNS Drugs. 2007; 
21(4):267–278. doi:10.2165/00023210-200721040-00002 PubMed

39.	 Taylor DM, Young C, Paton C. Prior antipsychotic prescribing in patients 
currently receiving clozapine: a case note review. J Clin Psychiatry. 2003; 
64(1):30–34. doi:10.4088/JCP.v64n0107 PubMed

40.	 Wheeler AJ. Treatment pathway and patterns of clozapine prescribing for 
schizophrenia in New Zealand. Ann Pharmacother. 2008;42(6):852–860. doi:10.1345/aph.1K662 PubMed

41.	 Wang PS, Ganz DA, Benner JS, et al. Should clozapine continue to be 
restricted to third-line status for schizophrenia? a decision-analytic 
model. J Ment Health Policy Econ. 2004;7(2):77–85. PubMed


	Table of Contents


