Zaponex Fact Sheet
oy Metabolic side effects

Important Information

The information provided in this fact sheet is intended for healthcare professionals, and should not be used
as a patient information leaflet.

The information provided in this document is not intended as a definitive treatment strategy, but as a
suggested approach for clinicians. It is based on information from scientific literature and previous
successful experience. Each case should, of course, be considered individually.

This fact sheet covers the following subjects (CTRL+click to jump to corresponding section)
e Introduction
e General information and background
o Weight gain
e Hyperglycaemia and diabetes
e Diabetic ketoacidosis
e Dyslipidaemia
e Cardiovascular disease and mortality
e Metabolic symptoms and clozapine efficacy
e Management
e Pharmaceutical treatment of metabolic side effects of clozapine
e Advice for daily practice

Introduction

The Zaponex SPC (section 4.4) mentions: “Atypical antipsychotic drugs, including clozapine, have been
associated with metabolic changes that may increase cardiovascular/cerebrovascular risk. These
metabolic changes may include hyperglycaemia, dyslipidaemia, and body weight gain. While atypical
antipsychotic drugs may produce some metabolic changes, each drug in the class has its own specific
profile.”?

Clozapine treatment can be accompanied by a range of the abovementioned metabolic side effects.
These symptoms have close overlap with the metabolic syndrome (MetS), of which the major
components include (central) obesity, hypertension, dyslipidaemia and glucose intolerance or insulin
resistance. MetS is a serious problem, with incidences as high as 33-47% in schizophrenic patients, and
up to 69% in chronic patients.2® It contributes to a 5-6 fold increase in the risk of developing type 2
diabetes mellitus (DM) and a 3-6-fold increase in the risk of death from coronary heart disease.”®
Though metabolic side effects usually manifest as mild symptoms that gradually build up over many
years rather than acutely serious conditions, they can have significant cumulative effects on patient
health and self-image.>® MetS is also a frequent cause of poor medicine adherence.>® As such, they
form an important but easily overlooked risk of clozapine treatment, and should be carefully
monitored and prevented whenever possible.’
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General information and background

Definitions and risk factors
According to the International Diabetes Federation (IDF), MetS is diagnosed when the patient meets
three of the five criteria listed in Table 1.%

Table 1. IDF criteria for metabolic syndrome**°

Males Females
Waist circumference >94-102 cm* > 80-88 cm*
Blood pressure Systolic 2 130 mm Hg or diastolic 2 85 mm Hg
HDL cholesterol <40 mg/dL (1.03 mmol/L) | <50 mg/dL (1.29 mmol/L)
Triglycerides > 150 mg/dL
Glucose Fasting = 100 mg/dL (> 5.6 mmol/L)

* numbers depend on ethnicity®

Patients with psychotic illness already seem to be at higher risk of MetS than the background
population:*11715 at baseline, they show higher frequencies of impaired glucose tolerance, insulin
resistance, raised cortisol and adrenocorticotropic hormone (ACTH) levels, and an overactive
hypothalamo-pituitary-adrenal axis than controls.!® Schizophrenic patients are possibly less frequently
affected than patients with schizoaffective disorder,*! but still more than patients with bipolar

disorder? (although metabolic effects may be more severe in bipolar patients?®).

The use of antipsychotics (APs) in schizophrenia can significantly add to the baseline risk of MetS
(possibly up to threefold!?), with atypical or second-generation APs (SGAs) believed to pose a higher
risk than typical/first-generation APs;>>117 however, the differences between these classes are not
always clear-cut.’® AP use exacerbates all features of MetS, but there seems to be a higher risk in
patients who are younger,'®?° male, already overweight or obese at baseline, of non-Caucasian
ethnicity,”*! and without a family history of DM.??

The high risk of developing MetS during the use of clozapine and olanzapine (an SGA structurally
related to clozapine) is especially well recognised, with clozapine being directly associated with type 2
DM, weight gain and dyslipidaemia.>>*>!” In one meta-analysis, clozapine caused the most significant
alterations in glucose, triglycerides and total cholesterol of all investigated APs; olanzapine only did
worse in the areas weight and BMI change.? The prevalence of MetS in clozapine users ranges from 25
to 58%;*>1° one meta-analysis found that around 50 percent of 126 clozapine-treated mental patients
showed symptoms associated with MetS.% A study in 192 schizophrenic patients identified clozapine
treatment, pre-existing metabolic disease history and parental history of DM (specifically maternal) as
independent risk factors for MetS.° Lastly, one review suggested that there is a dose/plasma level-
response relationship between clozapine/olanzapine and metabolic complications, something not seen
with the other, lower-risk AP drugs.?*?

Mechanisms

The mechanisms that lead to MetS are incompletely understood, but known to be complex, given the
involvement of many processes and the broad variation in presentation. Dysregulation of lipid and
carbohydrate metabolism, increases in body weight and adiposity as well as hormonal alterations have
been identified as the core processes responsible for most of the symptoms, and are discussed in more
detail in later chapters. Although many of the directly underlying molecular and cellular mechanisms
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remain elusive, disruption of energy metabolism at the mitochondrial level seems to be a key event.*?

Scaini et al. found evidence that genes involved in mitochondrial dynamics are downregulated in
lymphoid cell lines of psychiatric patients when compared to healthy controls. Conversely, patients
with mitochondrial disorders and mitochondrial DNA defects have a higher prevalence of psychiatric
symptoms, suggesting that the concurrence of MetS and psychiatric disease may have a partially
common origin (see also section Hyperglycaemia and diabetes).'?

In vivo and in vitro studies have shown that the use of SGAs can (further) impair mitochondrial
dynamics by changing their structure and function. They can also inhibit both the expression and
activity of enzymes in the Krebs cycle and the mitochondrial respiratory chain. Especially drugs with
the highest risk of MetS (clozapine and olanzapine) seem to cause the highest decrease in expression
and activity of enzymes in the mitochondrial electron transport chain, as well as in mitochondrial
oxygen consumption. Prolonged mitochondrial dysfunction can lead to accumulation of oxidative
damage in mitochondria, which further impairs their functioning.*?

These defects in mitochondrial structure and function have been linked to reduced oxidative
metabolism and insulin signalling, and increased susceptibility to insulin resistance. Therefore,
clozapine’s capacity to disrupt mitochondrial energy metabolism may very well be one of the
underlying molecular mechanisms through which it (in)directly causes several of the MetS symptoms.*?
However, countless other targets have also been implicated, including genes involved in cell cycle
regulation, transcription factors, receptors, signalling proteins and enzymes.?6728

The following five sections will focus on five separate aspects of MetS and the role of clozapine
therein: Weight gain, Hyperglycaemia and diabetes, Diabetic ketoacidosis, Dyslipidaemia and
Cardiovascular disease/mortality.

Weight gain

The Summary of Product Characteristics (SPC) for Zaponex® mentions the following: “Weight gain has
been observed with atypical antipsychotic use, including clozapine. Clinical monitoring of weight is
recommended.”?

Weight gain is listed as a common side effect of clozapine treatment, occurring in 1-10% of users.! It
may have implications for treatment in terms of reduced compliance and, therefore, increased risk of
relapse, as obese patients are 13 times more likely to discontinue their medication because of weight
gain than nonobese patients.®

Weight gain is also associated with increased risks that can seriously compromise the health of the
patient, such as hypertension and dyslipidaemia. In addition, for every 1 kilogram increase in body
weight, the risk of cardiovascular disease increases with 3.1%; for every 1 kg/m? increase in BMI, the
risks of heart failure and type 2 DM increase with 5-7 and 8.4% respectively.? One meta-analysis found
that an increase of 5 kg/m? in BMI was associated with a 29% higher risk of coronary heart disease.?

Weight gain is a well-documented side effect of AP drugs that was already noted shortly after the
introduction of chlorpromazine in 1952.%° It is especially common with SGAs, and said to occur in up to
75% of its users.1430-32 Especially children seem to be particularly susceptible to AP-induced weight
gain (80%).° Although several AP drugs have sedative properties that could possibly affect weight gain
through a decrease in physical activity, three studies found that weight increase occurred independent
of sedation.*
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Efficacy trials and meta-analyses often show mixed results, but in general, clozapine and olanzapine
are considered to be among the APs that cause the most weight gain.%>7:10141517.2533-40 The first CATIE
study (Clinical Antipsychotic Trials of Intervention Effectiveness) showed a weight gain of 12 kg in one
year with clozapine, against 2-3 kg with quetiapine/risperidone, and little to none with aripiprazole,
asenapine and ziprasidone.*! The rate of weight increase is most marked during the first 6 to 12
months (with about 85% of total weight gain in the first year?®), and usually levels off thereafter,
although it may not reach a plateau until after nearly 4 years of clozapine monotherapy.#17:37:42,43

There is evidence suggesting that certain patients may be more genetically predisposed to clozapine-
induced weight gain.** Patients with a lower BMI or younger age at baseline seem to be at the greatest
risk of weight gain from clozapine,*3%4945-47 possibly explaining the increased risk in children and
adolescents.® Sex differences are somewhat unclear: men seem to be at higher risk of AP-induced
MetS,? but women are thought to have an increased propensity for clozapine-induced MetS and
weight gain, possibly due to a significantly higher risk of central obesity.'>3%* Animal studies have
confirmed that female rats gain more weight when treated with olanzapine than male rats.*

Adipogenesis

The process of clozapine-induced weight gain has not been fully elucidated, although research
indicates that it is multifactorial, with many neurotransmitters, hormones and genes involved.**>°
One of the core processes in weight gain and other MetS symptoms is adipogenesis (formation of
white adipose or fat tissue).**°! Especially abdominal adipogenesis is a significant contributor to the
progression of metabolic and cardiovascular disease,®1%°2 which explains the significance of waist
circumference as a predictor of insulin resistance in clozapine patients.® In vitro studies suggest that
clozapine and many other SGAs are able to stimulate adipogenesis by affecting the expression of many
transcription factors (including SREBP-1, INSIG-2 and PPAR-y, which are further discussed in
Dyslipidaemia). This enhances lipogenesis (formation of fatty acids and triglycerides), causing
preadipocytes to accumulate lipid droplets and stimulate their differentiation into white adipocytes
(fat cells). SGAs may also cause hypertrophy of existing adipocytes, and even stimulate skeletal
muscle-derived stem cells to differentiate into adipocytes.>*5!

SGAs, especially clozapine, can also inhibit the function of brown adipose tissue (BAT) in rats. These
distinct pockets of fat tissue are normally involved in lipid oxidation, whereby excessive energy is
released as heat rather than stored (thermogenesis). If this process is disturbed, it could contribute to
decreased energy expenditure and increased weight gain. Given that the presence of BAT is limited in
humans, the clinical importance of this is unclear, but ex vivo experiments do show that clozapine can
shift the development of human white adipocyte stem cells towards an intermediate ‘beige’
phenotype. Such beige adipocytes have more characteristics of brown adipocytes, but with impaired
thermogenesis.10%

Leptin and adiponectin

Apart from stimulating adipogenesis, clozapine can affect white adipose tissue’s function as an
endocrine organ. Adipocytes secrete two hormones, leptin and adiponectin, which are in an inverse
relationship: where leptin is secreted in proportion to the body’s fat mass, adiponectin release is
negatively regulated by (visceral) fat mass.2%49:53-55

As leptin levels directly reflect fat stores, they can communicate the state of energy reserves to the
hypothalamus in the brain, in order to regulate energy intake (through appetite and satiety) and
expenditure over the long term. Obese patients may have leptin resistance (a reduced ability of leptin
to exert its effect), which may (partially) explain their propensity towards weight gain.>815495253,56
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Leptin is also thought to play a role in the body’s immune response, as it is considered a
proinflammatory cytokine that enhances the release of other cytokines like tumour necrosis factor-a
(TNF-a) and interleukin-6 (IL-6).2

Leptin levels are also positively influenced by sex, as women have higher levels than men, independent
of fat mass.>? Schizophrenic patients have higher plasma levels of leptin at baseline than non-patients,
which worsens in both sexes when SGAs (but not first-generation APs) are used for longer periods.'>>?
There is convincing evidence that clozapine is associated with significantly increased levels of leptin
(especially in drug-naive patients), possible leptin resistance and subsequent increases in weight,
insulin resistance, triglycerides, LDL, and total cholesterol 84525356 This is possibly a direct effect;®>®
however, leptin levels are strongly correlated with adiposity, and association studies suggest that the
increased leptin concentrations are probably largely an indirect effect of clozapine use, due to
clozapine-induced weight increase and abdominal obesity.>%165253

Adiponectin, on the other hand, modulates glucose regulation and fatty acid metabolism, and has
protective, anti-inflammatory effects. It also improves the differentiation of preadipocytes into
adipocytes, a process often impaired in obese patients.®*>* Adiponectin receptors are widely present
in brain regions like the cortex, hypothalamus and the pituitary gland, suggesting that it has important
central effects as well.”® The association between low adiponectin and risk of type 2 DM is thought to
be stronger than between high leptin and DM risk.

Several factors may influence adiponectin levels, such as sex (men have lower adiponectin levels than
women due to the inhibitory effect of androgens), age (adiponectin levels increase over time) and
ethnicity (Europeans have higher levels of adiponectin than Chinese and South-Asians).’®> Adiponectin’s
secretion by mature adipocytes is also negatively affected by (abdominal) obesity, and apparently by
clozapine as well.31>22495455 However, the effect of APs on adiponectin seems much smaller than on
leptin; one study found similar adiponectin levels between patients with a mental illness and healthy
controls, without significant modification by APs.® Clozapine only seems to affect adiponectin levels
(modestly) after a few months of use, so just as with leptin, this negative effect seems mostly indirectly
mediated via weight gain and glucose dysregulation,®> suggesting that any effect of APs on
adiponectin is largely explained by BMI changes.'®

With increasing body weight and BMI, the leptin/adiponectin ratio rises (though mainly due to
increases in leptin).’® An unfavourably high leptin/adiponectin ratio is often seen in patients with
severe mental illness and type 2 DM and obesity, and can worsen with AP use, which has
consequences for other components of MetS as well.#>6 See also section Hyperglycaemia and
diabetes and Figure 1.

Mechanisms

In attempts to identify the exact mechanisms by which weight gain processes occur, histaminergic
transmission was found to play a significant role, as the extent of histamine H; receptor antagonism of
AP drugs appeared to be the best predictor of the degree of weight gain in clinical studies.>”*%17:57 H;
receptors are found in the hypothalamus and other parts of the central nervous system (CNS) involved
in the regulation of appetite and energy expenditure,® as H; signalling normally suppresses appetite
and increases lipolysis (the breakdown of fats into fatty acids for fuel).>° Involvement of H;
antagonism is further supported by the fact that betahistine (a H; receptor agonist) can significantly
prevent AP-induced weight gain in rats* and in human patients using clozapine/olanzapine (but not
other APs).>°

Many research groups attribute almost equal importance to muscarinic Ms acetylcholine receptors!”->3
and the serotonin receptors 5-HT,a and 5-HTc, which have major roles in the control of food intake
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and body weight. A strong affinity for M3 receptors is shared only by clozapine, olanzapine and
quetiapine, the APs with the highest capacity for weight gain,>® and clozapine’s potent serotonergic
antagonism to 5-HTac/1a/24 receptors (especially certain polymorphisms of 2A and 2C) has been
associated with clozapine-induced weight gain’?”% and MetS.517:49:57.60.61

Both histamine and serotonin receptors are found in abundance on the major organs involved in
glucose and lipid metabolism, i.e. the hypothalamus, adipocytes and hepatocytes, and their blocking
could thus play a central role in increased adiposity and the endocrine changes seen in adipose tissues
as described above.* In addition, the hypothalamus contains high concentrations of dopamine D, and
Ds receptors; dopaminergic antagonism of clozapine is another possible mechanism involved in weight
gain, as D, receptor blockade has a strong effect on feeding behaviour.>”*°

As mentioned above, certain gene polymorphisms can play important roles in weight gain. Some
variations in the genes for melanocortin 4 receptor (MC4R), cannabinoid receptor 1 (CNR1), ADRA2A
leptin receptor and neuropeptide Y (NPY) receptor have been consistently linked with increased AP-
induced weight gain.?’” MC4R is a downstream target of leptin signalling that mediates satiety,® while
NPY is a orexigenic (hunger-inducing) hormone that is normally inhibited by leptin and insulin.2%

Weight gain can be the result of altered energy homeostasis or increased energy intake, although not
many studies have been performed to elucidate how clozapine can actually affect feeding behaviour.
De Beaurepaire et al. found that binge eating spectrum disorders were much more prevalent with
clozapine and olanzapine use than with other APs. Like weight gain, the occurrence was highest in the
beginning, and decreased significantly after 2 years of treatment. Night eating occurred in 30% of
clozapine/olanzapine patients, especially in women, with no significant change over time.®?
Sensations of hunger can be created in the CNS, but peripheral signals from the Gl tract are equally
important. Garriga et al. suggested that clozapine increases appetite early in treatment, with a specific
craving for and intake of “fast-food fats” that predicted significant weight gain in already overweight
patients.3® This effect is attributed to clozapine’s inhibition of glucagon-like-peptide 1 (GLP-1)
secretion, an endogenous peptide hormone secreted by enteroendocrine L-cells in the gastric mucosa
in response to food intake. GLP-1 acts on the Gl tract, hypothalamus, pancreas and liver, and is
essential for inducing satiety and regulating macronutrient selection, high-sugar food intake as well as
glucose levels,1060.636464-66 (caa 3|50 Hyperglycaemia and diabetes). Certain genetic variations in GLP-1
signalling are strongly associated with AP-induced weight gain, showing that inhibition of the GLP-1
axis may be a key contributor to the hyperphagic and obesogenic effects of clozapine.®

Another important Gl tract satiety factor is ghrelin.’>?%%¢ This local peptide hormone that is secreted
by the stomach is also known as the “hunger hormone”, and normally activates the ghrelin receptor
(GHSR1a) in the hypothalamus, which causes short-term orexigenic signals. These signals also inhibit
the satiety-inducing effects of leptin.>>®” There are some reports that long-term clozapine use may
increase ghrelin levels.’®>? However, Huang et al. also found evidence that clozapine indirectly
enhances ghrelin-mediated hunger signals: activation of the 5-HT. serotonin receptor can normally
reduce ghrelin activity, but as SGAs (and clozapine in particular) block this 5-HT,. pathway, the ghrelin-
mediated hunger signals are less inhibited, with an increase in feeding behaviour as result.®’ Certain
polymorphisms in the gene for cholecystokinin (CCK), another Gl tract satiety factor, also seem to be
partially related with clozapine-induced weight gain.?

Some researchers have postulated that not clozapine but its main metabolite norclozapine mediates
the metabolic dysregulation, possibly due to being a more potent 5-HTx, histaminergic and muscarinic
antagonist than clozapine itself.%% Plasma levels of norclozapine indeed show a stronger correlation
with increases in weight, blood sugar and triglycerides than clozapine levels.”® A low norclozapine-to-
clozapine ratio may thus attenuate these effects. A Taiwanese research group accomplished this in
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schizophrenic patients by using adjunctive fluvoxamine, a potent CYP1A2 inhibitor that decreases the
conversion of clozapine into norclozapine.”®’* Metabolic parameters during the clozapine-fluvoxamine
combination were compared to clozapine monotherapy over a 12-week period. They found that
compared to clozapine monotherapy, fluvoxamine add-on treatment alleviated body weight gain and
significantly limited increases in glucose and triglyceride serum levels, without sacrificing the clinical
effect. Adding fluvoxamine to clozapine can increase clozapine levels 2- to 4-fold, and can also be a
strategy to reduce clozapine tablet load and improve drug adherence. However, due to the risk of
clozapine toxicity, conservative introduction of clozapine and fluvoxamine with low dosages and
careful therapeutic drug monitoring of clozapine levels is recommended.’%"?

Paradoxical weight loss

Although clozapine is mostly associated with weight gain, significant weight loss on clozapine has also
been reported.”®®2 In 2016, Tungaraza discerned three basic scenarios of clozapine-induced weight
loss:® 1) clinical response to clozapine led to better motivation to engage in diet and physical
activities;’®”7 2) poor or partial response to clozapine,®2! and 3) direct result of taking clozapine.”*7®
The first scenario, in which patients get better insight into their illness and their psychotic symptoms
improve, is of course the preferred and positive one. Patients who already had (gross) overweight
before initiation of clozapine ended with a healthier weight, especially because of clozapine’s effect in
reducing negative symptoms; they had increased levels of motivation, improved initiative and an
ability to engage more fully in goal-directed physical activity, enabling them to better adhere to a diet
and exercise regimen.”>’’

The second scenario links with the relationship between clozapine-induced weight gain and treatment
response; weight loss early in clozapine treatment could be a prognostic factor for poor treatment
response. Thomas et al. presented a case series of patients who had poor response to clozapine
treatment and also lost varying amounts of weight during therapy. Strikingly, all 5 patients showed
clinical deterioration only after an initial response to clozapine.?’ In another case report, a partial
response to clozapine led the patient to act more strongly on their psychotic beliefs and restrict food
intake.®? Mechanistically, this could be explained because both clinical response and food intake may
be regulated through serotonin receptors 5HTa and 5HT,c, 28! and possibly through histamine Hy,
muscarinic Mz and dopamine D, receptor involvement as well.?

In the third scenario, due to lack of an obvious other reason, clozapine was assumed to be the cause of
weight loss.”*7¢ Poor efficacy could be excluded since patients were discharged while still using
clozapine.®! Differing neuroreceptor affinities of clozapine, individual genetic variations of receptors or
clozapine-induced obsessive-compulsive symptoms (compulsive exercise and dieting or obsessing with
food) have been postulated as possible mechanisms,” 7883 although one case described fluoxetine
addition early during titration, which has decreased weight as a known side effect.”

There could also be a fourth scenario: weight loss due to clozapine-related adverse events. For
instance, one patient lost 30 kg of fat and muscle (approximately one third of body weight) over 6
months due to severe and constant hypotension-induced dizziness, which caused prolonged caloric
restriction and reduced physical activity. Treatment of hypotension with fludrocortisone made the
weight go slowly up again.®? In another case, dysphagia became significant 4 weeks after clozapine
initiation, but the patient had already started to lose weight since week 1, finally ending up with a 20%
weight loss by week 10 (starting from a healthy BMI).”® Finally, a 30-year-old female complained of
nausea after taking clozapine, which started within 2 weeks after initiation. Strikingly, her appetite was
otherwise good and food intake was normal. Nonetheless, she suffered a weight loss of 13 kg (25%) in
7 months.”®
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Patient management

Apart from physical risks, weight gain increases the social stigma associated with mental illness, which
is often a reason for compliance issues. Given these risks and psychological impact, it is important that
patients are carefully informed about this side effect when clozapine treatment is initiated.
Monitoring of body weight, BMI and waist circumference (at the level of the umbilicus) should be part
of each patient’s baseline screening, and also performed regularly after starting clozapine.>1740.6084
Most guidelines strongly recommend to determine weight, BMI and waist circumference at baseline,
after 1, 3 and 6 months of clozapine use, and annually thereafter.8% Both the American Diabetes
Association and American Psychiatric Association advise an additional measurement at 2 months after
the start of AP treatment.® These measurements can be done concurrently with the periodic blood
tests for neutrophils and WBCs that are mandatory for clozapine users in the UK.

Psychiatrists, other physicians, nurses, etc., can educate patients and their carers about healthy
lifestyle and should use effective behavioural interventions to motivate patients to make the necessary
changes, including smoking cessation, adoption of a healthy diet and regular physical exercise.”"43
Some patients may also benefit from psychoeducation or cognitive behavioural therapy to change
lifestyle habits, e.g. by entering an intervention programme.>4%9!

Though often effective, it should be noted that the success of such interventions can be limited in
some populations,'’ e.g. mental patients with limited insight, or who have increased appetite due to
clozapine.® Also, glucose dysregulation and weight gain may not always be successfully reversed with
lifestyle changes.®>%3

Patients should be carefully monitored to verify whether the lifestyle changes are effective. If weight
gain becomes problematic, switching to drugs with better metabolic profiles may be indicated.
Aripiprazole, paliperidone, amisulpride, brexpiprazole, ziprasidone, asenapine, cariprazine and
lurasidone all have neutral profiles and, in some cases, even improve the metabolic parameters.
However, use of these drugs may be limited in the treatment-resistant patient population, due to lack
of efficacy or association with extrapyramidal side effects.2>4%6494

Pharmaceutical treatment

When lifestyle interventions are insufficient, there are several therapeutic agents that may be trialled
in an attempt to prevent weight gain or effectuate weight loss.

As mentioned above, clozapine plays a role in the inhibition of the hormone GLP-1, an important
satiety factor that regulates energy intake by delaying gastric emptying and promoting satiety.%
Metformin is an anti-diabetic drug that suppresses hepatic gluconeogenesis and increases peripheral
insulin sensitivity, and there is also evidence that it increases GLP-1 production, which promotes
insulin secretion and satiety. The latter effects could account for metformin’s direct and indirect
effects on weight 10ss.5%%%%7 |n a large meta-analysis of 34 randomised clinical trials (including more
than 8000 patients without psychiatric iliness), metformin was found to be effective in reducing body
weight in overweight and obese people without concurrent diabetes.%

Metformin also shows promise as a weight loss agent in patients on long-term clozapine therapy. Four
placebo-controlled studies showed significant reductions in fasting plasma glucose and BMI, and
positive effects on body weight, waist circumference, blood insulin and blood lipids.'”*°*%! Some
beneficial increases in HDL cholesterol and decreases in triglyceride and leptin levels have also been
seen,® 101 with the latter likely to be a direct effect of metformin rather than an indirect consequence
of weight loss.*®

A review and meta-analysis found that metformin is superior to placebo in clozapine patients, in terms
of weight loss (3.12 kg) and BMI reduction (1.18 kg/m?), enough to be clinically meaningful (>2.3 kg
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loss).%® However, the positive effects on body weight had disappeared 6 months after discontinuation,
so treatment adherence is important.’®® Metformin can also help to prevent clozapine-induced weight
gain: among 90 patients who were initiated on clozapine, the group using metformin only gained an
average of 1.32% of body weight over 12 months, versus 5.95% in the placebo group.®

In general, metformin is well-tolerated in clozapine-treated patients,?>1°%1%3 3lthough it can increase
the risk of vitamin B12 malabsorption during long-term use, so routine B12 measurement may need to
be considered.*®1% There has been one report of pancreatitis associated with metformin used for
management of clozapine-related weight gain, but the symptoms resolved after reducing the high
dose of metformin from 3000 mg daily to 500 mg.1% Typical side effects of metformin include
gastrointestinal symptoms, which can be lessened with slower titration, dose decreases or by using
extended release formulations.4%%°

Metformin may thus be worth adding to the treatment regimen of obese clozapine patients.?®1% There
is, however, evidence that metformin is more effective in preventing weight gain at the start of AP use
than losing weight later in treatment; an explanation could be that patients become less sensitive to
the metformin-induced insulin secretion over time. It is therefore recommended to initiate metformin
early on, preferably as soon as there is evidence of AP-induced weight gain, rather than waiting until
substantial weight has already been gained.%%7:102

Although the endogenous hormone GLP-1 suppresses appetite and normalises hyperglycaemia, its
effect is only short-term as it is degraded rapidly in the blood. Synthetic homologues to GLP-1 called
GLP-1 receptor agonists (GLP-1RAs) have a longer duration of action, and promote the direct
stimulation of GLP-1 signalling (and possibly also increase leptin concentrations).%

Liraglutide is a GLP-1RA specifically indicated for weight management. In a Danish randomised double-
blind clinical trial, subcutaneously injected liraglutide significantly decreased body weight (average 5.3
kg) and waist circumference (4.1 cm) as compared to placebo in patients with schizophrenia spectrum
disorders treated with clozapine or olanzapine. Significant improvements in glucose tolerance, systolic
blood pressure and LDL levels were also seen,®%*1%7 glthough higher dosages of liraglutide (3 mg/day)
seem to be needed to achieve weight loss than for improving glycaemic control (1.8 mg/day).5* On the
other hand, weight loss may be more permanent than with metformin: one year after a 16-week
course of liraglutide, most MetS parameters had returned to normal again, yet body weight, though
increased, remained significantly reduced from baseline.1%®

Another injectable GLP-1RA, exenatide, is indicated for treatment of type 2 DM, and is also a promising
therapeutic agent for weight loss in non-diabetic clozapine-treated people with obesity.1%647%65 |n 3
randomised, controlled, open-label, 24-week pilot trial, Siskind et al. found that 6 out of 14 clozapine
patients on exenatide (43%) achieved >5% weight loss, against 1 out of 14 patients receiving usual
weight loss care (7%; P =.029). The mean weight loss with exenatide was also higher than with usual
care (-5.29 vs -1.12 kg; P = .015), as was BMI reduction (-1.78 vs -0.39 kg/m?; P =.019). The authors also
noted significant improvements in other MetS markers with exenatide, such as reduced fasting glucose
and glycated haemoglobin, but not in lipid levels.®

In a review of 3 studies, Siskind et al. found that compared to placebo or usual care, 37% of all AP
users on either liraglutide or exenatide achieved a >5% weight loss (against 11% of controls), and 19%
lost >7% (against 6% of controls). Specifically, clozapine patients on a GLP-1RA lost an additional 4.90
kg of body weight compared to controls,*® significantly more than with metformin (mean 3.1 kg).’® One
case study even reported that exenatide in combination with metformin caused a morbidly obese
clozapine patient to lose almost 42 kg; since weight losses with metformin are usually more modest,
exenatide was believed to be the cause.®® The decrease may even be greater in non-diabetic than in
diabetic patients.®*
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In Siskind’s review, the effects of GLP-1RAs on weight, BMI and glucose levels were stronger in patients
on clozapine and olanzapine than in users of other APs, which supports the hypothesis that the
disruption of GLP-1 signalling is a major factor in clozapine/olanzapine-associated weight gain and
hyperglycaemia.®*% The GLP1-RA group also had a significantly greater reduction in visceral fat, which
is advantageous as this is an independent risk factor for cardiovascular disease, diabetes and death.
The study group did report significantly more nausea than the controls (54 vs. 28%), but it did not
affect weight loss.*®

As mentioned before, disruption of H; receptor signalling seems to be one of the most important
pathways of clozapine-induced weight gain, so a histaminergic agonist like betahistine may be a
particular helpful adjunctive treatment. A double-blind placebo-controlled study in a subset of 26
patients treated with olanzapine or clozapine found that betahistine was significantly better than
placebo in preventing increases in weight (3.1 kg less weight gain), BMI and waist circumference.
Betahistine did not significantly improve appetite or glucose-lipid measures, and there were no
significant differences in side effects or psychopathology changes between betahistine- and placebo-
treated patients.”®% |n a single-case report, clozapine initiation caused a marked increase in appetite
and weight, which were both remedied by betahistine. When betahistine had to be temporarily
reduced due to malaise and rhinorrhoea, appetite and weight increased again, although not to their
previous values.*® Betahistine does not seem to have clinically significant interactions with clozapine,
and it may also help with clozapine-associated sedation, which is also thought to be mediated by Hi-
antagonism.>%109

Orlistat is a lipase inhibitor indicated for weight loss in overweight adults in combination with a
hypocaloric diet. It has shown some success in clozapine- and olanzapine-treated men (but not
women), as well as some desirable alterations in other metabolic parameters.’'%!'! However, it seems
more effective in preventing weight gain than promoting weight loss, so it should be initiated early in
clozapine treatment. Sustained therapy may be required to achieve reduction of cardiovascular risk,
and side effects (mainly gastrointestinal) may affect compliance.>%’

Adding a less obesogenic AP to clozapine therapy can sometimes be helpful. In several cases,
substituting a part of the clozapine dose for ziprasidone was well tolerated and effective in weight
loss,*'? and in another, adding it to the existing clozapine dose eventually worked as well.**3
Aripiprazole may improve psychiatric symptoms and reduce metabolic risk factors when combined
with clozapine.'* Some studies demonstrated improvement in positive and negative
symptoms, > and in a large, nationwide Finnish cohort study, the combination was associated with
a 14-23% lower risk of rehospitalisation as compared to clozapine monotherapy.'*’ The addition of
aripiprazole (which only very rarely causes weight gain) allows for a lower clozapine dose, thereby
attenuating its effect on weight without losing clinical effect.'!® Diabetes, hyperglycaemia and a few
cases of diabetic ketoacidosis have been reported with aripiprazole, though.1%-122

Anticonvulsants can be used in similar ways. Topiramate can reduce appetite and body weight in
clozapine-treated patients by inhibiting glutamate signalling.>2>71% Since it also serves as a mood
stabiliser, it may have a place in the treatment and prophylaxis of clozapine-induced seizures,*?® and to
augment clozapine’s effect in case of suboptimal response.'?” The same goes for lamotrigine, which
possesses mood-stabilizing and acute antidepressant properties, and has been shown to have a
beneficial additive antipsychotic effect when added to clozapine therapy for schizophrenia. In addition,
lamotrigine is not sedative and does not cause weight gain.1%®
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Lastly, clozapine-associated weight gain can sometimes be alleviated by adding the noradrenalin
reuptake inhibitors atomoxetine!?® and reboxetine,® since noradrenalin signalling seems to be able to
suppress hunger.>'2® Atomoxetine is indicated for ADHD,*?° and reboxetine for major depression,**° so
in some patients, these drugs may be helpful in treating these conditions as well as weight gain.

Hyperglycaemia and diabetes

The Zaponex SPC (sections 4.4 and 4.8) states: “Impaired glucose tolerance and/or development or
exacerbation of diabetes mellitus has been reported rarely during treatment with clozapine. A
mechanism for this possible association has not yet been determined.” Also, “although most patients
had risk factors for non-insulin-dependent diabetes mellitus, hyperglycaemia has also been
documented in patients with no known risk factors.”?

Many studies have confirmed that AP use, especially SGAs, significantly adds to the risk of type 2 DM in
schizophrenia patients.?>34131-134 One |ong-term retrospective study found that 18.4% of schizophrenic
patients treated with SGAs were diagnosed with DM, against 6.6% of the general hospital
population.’®® Most publications found that the risk of developing DM and increased fasting glucose
levels appears to be higher with clozapine (and olanzapine a close second) than with most other
SGAs,>»>10.25127,134136-141 \ith 35 many as one-third of clozapine patients having developed DM after 5
years of treatment.'?” In a 21-year naturalistic study of 96 clozapine-treated patients in the USA, 42.7%
was diagnosed with diabetes (n=41) during the study period, compared to a nationwide prevalence of
13.7% in a similar age group: a threefold-increased risk.*?

Risk factors

Although diabetes is strongly linked to clozapine use in particular, schizophrenia in itself seems to be
already associated with relatively high rates of insulin resistance and type 2 DM, 2% twice that of the
general population.’* This observation predates the discovery of effective APs,** % and suggests that
genetic risk factors (i.e. susceptibility genes) for schizophrenia and diabetes may overlap® (as already
discussed in General information and background).

In a genome-wide association study with 58 pre-treatment, first-episode psychotic patients and
matched controls, insulin resistance was significantly associated with the polygenetic risk score for
schizophrenia, hinting at a partially common origin for both disorders.’*” Another association study
identified 29 genes that are associated with both comorbid schizophrenia and type 2 DM, and several
of these genes have been implicated in the biological processes relevant to both disorders!* (e.g.
several genes that regulate glycolysis'?).

Certain metabolic defects, like lack of Insulin-Like Growth Factor-1 (IGF-1), phospholipid dysregulation
and altered signalling of Protein Kinase B (PKB, also known as AKT1) have been associated with
psychiatric illness like schizophrenia as well.}*°7:14° PKB is a signal transducer important in metabolic
regulation, cell survival, motility, transcription and cell-cycle progression, and is often disrupted in
diabetes.>”1%°

The strongest predictors of type 2 DM in people with psychosis are a body mass index of at least 40
and treated hypercholesterolaemia, followed by a body mass index between 35 and 39.9, a family
history of diabetes and treated hypertension.***>° Family history, especially in the paternal line,
increases the diabetes risk about four-fold and confirms the significant genetic component in the
development of the condition.’®* This also applies to race, judging by the observation that the
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prevalence of diabetes in African-Americans, Mexicans, Hispanic, Asians, East Indians and Native
Americans is twice that of (non-Hispanic) whites.!#

Abnormal birth weight, especially low birth weight, is another risk factor, suggesting a strong influence
of prenatal factors in both schizophrenic patients and the general population as well; one hypothesis is
that growth problems during intrauterine development may epigenetically prepare the foetus for a
postnatal life of food scarcity, thus favouring energy conservation and storage. When these individuals
are subsequently born in an environment where nutrition is sufficient, obesity, diabetes and
hypertension often ensue. Although family history and abnormal birth weight are independent risk
factors for diabetes development, their risks seem to be additive.3*

Lastly, schizophrenia patients often have lifestyle habits that place them at risk of developing diabetes,
for instance poor-quality diet, exhibiting low physical activity, smoking, alcohol abuse, reduced
capacity for self-care and being overweight. 415152

There may be additional diabetes risks in clozapine patients: an Icelandic study found a sex difference
where male and female patients are respectively 2.3 and 4.4 times more likely to develop type 2 DM
than controls.%* Older age, higher baseline levels of glycolated haemoglobin (HbAic) and longer
clozapine treatment duration are also associated with development of new-onset glucose intolerance
in clozapine patients.!*3

Glucose intolerance and insulin resistance

As stated before, weight gain is thought to be an important indicator for the risk of hypertension,
cardiovascular disease and type 2 DM. However, the mechanisms by which AP use leads to diabetes
seem to be largely independent of weight gain, as glucose disturbances in clozapine use often occur
long before weight changes.>%54

In an eight-year cohort study in patients treated with clozapine, MetS and most metabolic parameters
were related to weight gain, but glucose dysregulation was associated with treatment duration,
independent of weight gain.®* In another study, clozapine was a weight-independent predictor of
post-challenge insulin secretion in non-diabetics, particularly in those with normal glucose tolerance
before clozapine initiation.'*® Since 25% of patients develop hyperglycaemia without weight gain, it
can be considered a contributing factor, but not a decisive one.>°

Interestingly, patients without a family history of DM?2 and with normal glucose tolerance before
clozapine initiation?>> seem to be at increased risk of glucose dysregulation and development of
diabetes, and weight gain is not a reliable predictor.>>* This should be taken into account when
arranging glucose monitoring, as clinicians may intuitively be more concerned about patients with pre-
existing risk factors and significant weight gain.

Many animal studies have confirmed the effects of SGAs on increased food intake and weight gain, as
well as the clozapine-induced glucose dysregulation that can occur independently.531%67160 |n-vitro and
animal studies have also shown that olanzapine, clozapine and norclozapine were able to disrupt
insulin’s downstream signalling cascade, which causes peripheral insulin resistance. As a result, both
insulin-induced and insulin-independent transport of glucose into adipocytes (for storage as
triglycerides) are reduced in dose-dependent ways (an effect not seen with first generation AP), and
pancreatic B-cells enhance their insulin secretion to compensate.>%*° Insulin resistance also impairs
myocytes and hepatocytes in their ability to take up glucose from the blood; this process is worsened
by increasing levels of free fatty acids, another hallmark of type 2 DM? (see also section
Dyslipidaemia). Chronic hyperglycaemia can lead to oxidative stress and vascular damage in the renal
glomerulus and retinae, as well as arteries in the brain, heart and lower limbs; areas commonly
affected by diabetic complications.®

Hyperinsulinaemia is seen in 30-60% of patients using clozapine or olanzapine, but clozapine’s role in
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this is somewhat controversial, since the increased insulin secretion seen with hyperglycaemia can
simply be the body’s way of compensating for the increasing clozapine-induced insulin resistance.
However, several in-vitro studies have confirmed that clozapine and olanzapine also increase basal
insulin secretion, whereas haloperidol, ziprasidone or aripiprazole do not (see also ‘Role of GLP-1’
below). In any case, both prolonged hyperglycaemia and hyperinsulinaemia cause (further)
deterioration of pancreatic B-cell function, creating a progressively worsening cycle of events that can
develop into type 2 DM, and can be additionally burdened by weight gain® (see also Figure 1).

Role of leptin and adiponectin

One theory states that insulin resistance is not associated with absolute weight gain per se, but with
changes in visceral adiposity.>” As described in the section Weight gain, clozapine promotes the
increase of (visceral) adipose tissue and influences the way in which it acts as an endocrine organ,
through altered release of leptin and adiponectin. Abdominal obesity and waist circumference are
strongly linked to insulin resistance and glucose dysregulation, processes that also strongly affect the
genesis of other MetS components such as dyslipidaemia and cardiovascular disease.®°

The proinflammatory hormone leptin is released in proportion to fat reserves, which is further
enhanced by both insulin and increasing adiposity.®*>>2 High levels of leptin in patients promote the
release of the adipocyte-derived cytokines resistin, TNF-a and IL-6. Especially the latter two are
strongly associated with increased insulin resistance, hyperinsulinaemia, type 2 DM and MetS.%%° As
mentioned before, it is hypothesised that MetS patients have leptin resistance and that chronically
elevated leptin levels further exacerbate insulin resistance and hyperinsulinaemia by lowering the
responsiveness of pancreatic B-cells. Worsening of insulin resistance and increasing insulin levels
further contribute to both adiposity and increased leptin levels, thus forcing insulin and leptin into a
diabetogenic feedback loop?® (see Figure 1).

Conversely, adipocyte-derived adiponectin has an inverse relationship with fat reserves.®29495455
Receptors for this hormone are found on liver, muscle, heart, adipose and pancreas tissue,’® as
adiponectin signalling has antidiabetic properties: it sensitises several tissues to the effect of insulin,
which decreases triglycerides and increases fatty acid oxidation in the liver and muscles, increases
skeletal muscle lactate production and cellular glucose uptake, and reduces hepatic
gluconeogenesis.®**1> Not surprisingly, adiponectin release and the expression of its receptor are
downregulated in obesity (whether aggravated by clozapine or not), which exacerbate insulin
resistance, DM and MetS.810.1529495455 |y fact, as mentioned before, low levels of adiponectin are
stronger markers for the risk of type 2 DM than high leptin levels. Furthermore, adiponectin protects
against inflammation and oxidative stress by having the opposite effect of leptin, i.e. it inhibits
production of (adipocyte-derived) cytokines, and also limits the differentiation of monocytes into
macrophages and harmful foam cells.®1®

The net effect of increased fat mass and a high leptin/adiponectin ratio is the increase in neutrophilic,
monocytic and macrophagic infiltrations in adipose tissue, as well as increased release of pro-
inflammatory cytokines. This creates a low-grade chronic pro-inflammatory state with the decreased
insulin sensitivity often seen in obese and/or diabetic patients.>#191649 (See Figure 1)

The leptin/adiponectin ratio is positively correlated with increased body weight, BMI and waist
circumference, as well as lipolysis and levels of cholesterol, triglycerides, LDL and insulin.'®* This ratio
is more strongly associated with the risk of type 2 DM and MetS than leptin and adiponectin levels
separately, so much that it can be used as an index for insulin resistance®!>%! and as a measure of
efficacy for antidiabetic medicine.? A ratio below 1 is suggested to be normal; between 1 and 2
signifies moderate metabolic abnormality, and over 2 means severe cardiometabolic risk. A value of
1.88 has been proposed as cut-off for increased risk of early obesity-related metabolic disturbances.®
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Patients with severe mental illness have higher ratios than healthy controls, which is worsened by the
use of SGAs, including clozapine, which seem to (indirectly) enhance the pro-inflammatory cytokine
release from white adipose tissue in a myriad of ways.®>1%4% Schizophrenic patients (with or without
MetS) treated with clozapine and olanzapine indeed have significantly higher plasma levels of IL-6, IL-
10 and TNF-a than controls (as do MetS patients compared to non-MetS controls).'®? Both animal and
human in vivo studies support this as a central process in the aetiology of insulin resistance, metabolic
dysfunction and atherosclerosis (see also Cardiovascular disease and mortality).8>1649
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Figure 1: The diabetogenic feedback loop. In this simplified schematic, insulin resistance (red box) is represented
as the central process in MetS, which has complex interconnections with the other components and processes
(displayed by white boxes). Blue arrows indicate how processes affect one another; red arrows specifically
indicate worsening of insulin resistance; the yellow clozapine boxes and arrows indicate where clozapine can
negatively influence the MetS process.

Role of GLP-1

As mentioned in Weight gain, several studies suggest that many effects of clozapine on body weight
and glucose homeostasis are mediated through GLP-1, an important satiety and glucose regulator
released from the stomach in response to food:3

1) Clozapine (and olanzapine) inhibits secretion of GLP-1.53*>7 Peripherally, GLP-1 acts on the pancreas,
where it stimulates B-cells to secrete insulin and inhibits glucagon secretion from a-cells,>10.60636% G| p-
1 thus prevents glucagon from converting glycogen into free glucose in the liver.

2) GLP-1 also exerts direct effects on the liver to reduce glucose production.b4163164 By inhibiting GLP-1
secretion, clozapine thus has a twofold effect that increases hepatic glucose output.®
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Because clozapine prevents GLP-1 from promoting insulin release, clozapine should theoretically
decrease insulin secretion. However, as already discussed in ‘Glucose intolerance and insulin
resistance’, these levels are paradoxically increased in clozapine users as well. This is thought to be an
effect of the clozapine-induced increase in glucose levels; this hyperglycaemic state associated with
increased levels of insulin has the hallmarks of insulin resistance, but probably reflects a more
elaborate derangement of glucose homeostasis that can exacerbate into true insulin
reSiStance.64’156’158’159

Studies have shown that treatment with GLP-1RAs such as exenatide and liraglutide caused significant
weight loss and improvements in fasting glucose in clozapine patients.>% Two-thirds of clozapine
patients had a fully normalised glucose tolerance after 16 weeks on liraglutide or exenatide, against
less than a quarter who received placebo.?%” Another study showed that after discontinuing
liraglutide, glucose returned to its previous levels within a year (weight increase was also observed,
but not to baseline).’® These data strongly suggest that clozapine-induced GLP-1 hyposecretion and
associated defects in glucose homeostasis are significant causative pathways in the diabetogenic effect
of clozapine.®

Mechanisms

Proposed molecular mechanisms for clozapine-induced diabetes include antagonism for many
receptors involved with hyperglycaemia, and for which clozapine has high affinity: Mi/2/3, D3, 5-
HT2a/2¢/14, H1 and au2-adrenoceptor.”’ It is thus not surprising that these receptor types are all found
on pancreatic B-cells.>1049165166 However, it should be born in mind that clozapine’s receptor actions
and interactions are very complex, can be both direct and indirect, and also depend on the location of
the receptor. This can make clozapine’s effects broad in action, and often seemingly contradictory.®
For example, GLP-1 release from intestinal L-cells is stimulated by muscarinic neurotransmission,6”-168
so its inhibition by clozapine may be due to clozapine’s antagonism of M; and M, receptors.4166,
Activation of the Ms receptor (which is also implicated in weight gain®?) augments the release of insulin
in pancreatic B-cells,>1057.169.170 stimulates glycogen synthesis in the liver® and is involved in glucose
homeostasis and insulin release in the hypothalamus. APs with the highest risk of weight gain and
metabolic dysregulation (clozapine, olanzapine and, to a lesser extent, quetiapine) were found to have
the highest affinity for the Ms receptor.>°*1%170 Clozapine antagonism of Ms receptors may disrupt
several post-receptor signals, including glucose transporter proteins that arrange cellular glucose
uptake (e.g. GLUT-4).5”1° There are also indications that olanzapine (and perhaps also the structurally
similar clozapine) can alter the density of M3 receptors in the hypothalamus and brain stem, areas
involved in glucose homeostasis and insulin secretion.”®

Dopamine and serotonin antagonists are known to increase insulin secretion from B-cells, which could
partially explain the insulin hypersecretion seen with clozapine. Furthermore, clozapine-induced H;
antagonism in the hypothalamus is believed to increase signalling of 5° AMP-activated protein kinase
(AMPK), a downstream signalling protein. Hypothalamic AMPK restores low glucose levels by
increasing appetite and enhancing hepatic gluconeogenesis and glycogenolysis via the sympathetic
nervous system (increasing (nor)adrenalin levels), a process that can be overstimulated by clozapine
(possibly by countering the anorexic effects of leptin). In skeletal muscle however, AMPK has the
opposite effect: it mediates the effect of insulin (enhanced by adiponectin®®) by activating GLUT-4 to
promote glucose uptake into cells and increasing fatty acid oxidation. In a reversal of the effect in the
hypothalamus, clozapine antagonism of H; (and possibly 5-HT,a) disrupts the working of AMPK in
muscle tissue.>°

Interestingly, Hi, D, and M3 antagonism were also mentioned as hypothesised mechanisms for
clozapine-induced weight gain. Betahistine, the H;-agonist that is effective in preventing Hi-mediated
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weight gain, can also partially reverse hypothalamic AMPK activation (and thus ameliorate
hyperglycaemia).’ This overlap strengthens the hypothesis that although clozapine-induced weight
gain and diabetes are largely independent processes, they may have a partially shared aetiology.

Pre-existing diabetes and possible exacerbation by clozapine

The Zaponex SPC (section 4.4) states: “Patients with an established diagnosis of diabetes mellitus who
are started on atypical antipsychotics should be monitored regularly for worsening of glucose
control.”?

DM is not a contraindication for clozapine therapy, so in principle, patients with pre-existing diabetes
can start clozapine at the consultant’s discretion. Although such patients may not be at the highest risk
of metabolic side effects, clozapine may lead to further impaired glucose tolerance and/or
exacerbation of diabetes. 131153

Information is limited, as neither the Maudsley Guidelines nor the Clozapine Handbook mention
anything on this specific group, possibly because they are already on increased glucose monitoring. It
is advised to follow at least the recommended monitoring frequency of fasting glucose levels for new
clozapine patients, as described below in ‘Patient management’, and extended where necessary.

Koller et al. conducted a descriptive epidemiologic study of spontaneous adverse event reports of
hyperglycaemia occurring in clozapine-treated patients. In total, 384 reports were identified. Of these,
new-onset diabetes was diagnosed definitively in 242 patients, and 54 patients had exacerbation of
pre-existing disease. Out of 384 patients, glycaemic control improved in 26 cases after clozapine was
discontinued or reduced.’®! A naturalistic study by Henderson et al. identified 5 patients with pre-
existing diabetes prior to clozapine initiation. Of these 5 patients, 2 were treated with insulin and 3
with an oral hypoglycaemic agent. Both of the insulin-treated patients required an almost twofold
increase in their insulin requirements after initiation of clozapine. Two of the three patients treated
with oral agents went on to require insulin after clozapine initiation.*?

As for single case reports, Patel et al. noted a serious exacerbation of a patient’s type 2 DM into
diabetic ketoacidosis (DKA) within one month after starting clozapine, so their recommendation is to
perform daily capillary blood glucose tests during the first month of treatment.'’* Popli et al. reported
two patients with pre-existing diabetes that worsened within 2 weeks after starting clozapine; both
improved after their oral hypoglycaemic drug was replaced with insulin. One patient discontinued
clozapine due to lack of efficacy, and was able to switch back to the oral agent.%

Porras-Segovia et al. described a case of exacerbation of metformin-controlled diabetes in a male
patient. Rapid-onset insulin-dependent hyperglycaemia occurred twice, each time within days after
starting clozapine, thereby all but excluding possible confounders such as increased appetite, weight
gain and long-term insulin resistance. There was a linear relation between clozapine dose and
glycaemic levels during the first two months.'’? Following the Maudsley Prescribing Guidelines’
recommendations for treatment of AP-related diabetes,'?’ clozapine was re-introduced with baseline
and follow-up monitoring of glucose levels and HbA;c values, slower titration and full control of
glycaemic levels before every dose increase of clozapine. Insulin and long-acting exenatide (weekly
injection) were added to his existing metformin, leading to a successful rechallenge.!’?

By contrast, Chathoth et al. described a patient on oral antidiabetic medications and insulin who
experienced severe loss of glucose control starting 3-4 days after clozapine initiation. There was again
a clear relationship between clozapine dose and the severity of hyperglycaemia, which could not be
treated by increasing insulin to three high-dose injections daily, nor by direct insulin infusion. The
hyperglycaemia was only resolved five days after discontinuing clozapine.”®
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Patient management

The Zaponex SPC (section 4.4) states: “Patients with risk factors for diabetes mellitus (e.g. obesity,
family history of diabetes) who are starting treatment with atypical antipsychotics should undergo
fasting blood glucose testing at the beginning of treatment and periodically during treatment. Patients
who develop symptoms of hyperglycaemia during treatment with atypical antipsychotics should
undergo fasting blood glucose testing. In some cases, hyperglycaemia has resolved when the atypical
antipsychotic was discontinued; however, some patients required continuation of antidiabetic
treatment despite discontinuation of the suspect drug.”*

As the last two case reports from the previous section described, glucose deregulation can be fast,
within a few days after starting clozapine, and often shows a linear dose-response relation. The patient
described by Chathoth et al. experienced a relatively uncommon insulin resistance; as the authors
comment in their own literature review, a diabetic patient's response to clozapine initiation may lie
anywhere in the continuum, from no worsening at all to ketoacidosis (see also Diabetic
ketoacidosis).t”® Most cases resolve upon clozapine discontinuation..

Therefore, we advise to carefully monitor for any changes in glucose levels in new clozapine patients.
Frequent fasting blood glucose measurements should be performed, preferably concurrent with
mandatory testing for neutrophils and WBCs.* As with weight gain, the recommendation is at baseline,
after 1, 3 and 6 months of clozapine use, and yearly afterwards.2>®° In patients with pre-existing DM
prior to clozapine, it may be appropriate to do more frequent measurements, up to daily capillary
blood glucose tests during the first month of treatment as suggested by Patel et al.}”* The monitoring
for glucose dysregulation may be extended with (but not replaced by?®) recurrent measurement of
HbA1c, as there is evidence that this parameter has additional value for identifying pre-diabetes.”*>

If changes occur, antidiabetic medication may be adjusted. If the diabetes cannot be sufficiently
controlled, clozapine withdrawal and switching to a drug with a lower diabetes risk may need to be
considered.>101%7

Pharmaceutical treatment

Most therapeutic agents that help with weight loss also have beneficial effects on glucose
dysregulation. Metformin, which is specifically indicated for non-insulin dependent DM, has been
shown to be effective in reducing body weight as well as improving pre-existing metabolic
abnormalities.®°! |t activates AMPK and GLUT proteins in peripheral tissues, thereby reducing fasting
glucose and insulin levels via a decrease in glucose production by the liver, increased glucose uptake
by muscles, and an increase in peripheral insulin sensitivity; it possibly enhances secretion of GLP-1 as
well, which in turn stimulates insulin and inhibits glucagon release.>6%96:99-101125174 Bacayse metformin
does not stimulate insulin secretion strongly, there is little risk of hypoglycaemia (as seen with
sulphonylureas and insulin).2’* In a review, metformin significantly improved three of the five
components of metabolic syndrome: waist circumference, fasting glucose and triglycerides.*®

During a six-month trial, the effects appeared as early as week 2 and were sustained for as long as 24
weeks, ! although most of the beneficial changes (except for fasting glucose) seemed to occur in the
first 3 months of treatment.%® Effective decreases in fasting plasma glucose, insulin and other
metabolic markers were observed to the extent that about half of the patients who had a diagnosis of
MetS at baseline no longer met those criteria after 12 weeks of treatment.1%!

As discussed above, disruption of GLP-1 signalling appears to be an important step in clozapine-related
weight gain and hyperglycaemia, explaining why GLP-1RAs such as exenatide and liraglutide may be
even more effective as treatment than metformin. They stimulate insulin secretion and decrease
glucagon secretion, and have been shown to cause substantial improvements in glucose tolerance in
clozapine patients.1%*>1%7 They also carry little risk of hypoglycaemia because the GLP-1 pathway
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becomes inhibited when glucose levels drop below 4-5 mM.%

In one study, exenatide caused a significant improvement in fasting glucose (-0.34 vs 0.39 mmol/L;

P =.036) and glycated haemoglobin levels (-0.21% vs 0.03%; P = .004) as compared to usual diabetic
care.%® Liraglutide at higher dosages helps to reduce weight,>% with nausea and vomiting as the most
frequently seen side effects.%

In a review of three studies, treatment with either liraglutide or exenatide in AP users for an average of
16 months significantly lowered fasting glucose levels and HbAic as compared to controls. Of the AP
users with impaired fasting glucose at baseline, 68% had a normalised fasting plasma glucose at the
end of the trials, against 24% of controls.®® For liraglutide treatment in clozapine/olanzapine patients,
these proportions were 64 and 16% respectively.%” As with metformin, sustained treatment seems
important, as most MetS parameters except body weight had returned to baseline one year after
stopping liraglutide.1%®

Diabetic ketoacidosis

The Zaponex SPC (section 4.4) states: “Cases of severe hyperglycaemia with ketoacidosis or
hyperosmolar coma have been reported very rarely in patients with no prior history of
hyperglycaemia, some of which have been fatal.”?

Diabetes can exacerbate to hyperglycaemic emergencies, with DKA as one of its most serious
complications. Although AP-induced DKAs are rare, they are a cause for concern since they have a
mortality rate of 0.44%,%° and a case-fatality of 13-31%, much higher than the case-fatality in the
general population (4%).>”#° By comparison: the mortality rate of agranulocytosis has dropped to
0.01% due to mandatory blood monitoring.! The lack of a screening protocol for DKA is thought to be
the reason for these high rates.®

Incidences and clinical course

AP-induced diabetes can go unnoticed for years, and DKA is often the first apparent sign.>”*”> In a 7-
year retrospective study, Henderson et al. found that the risk of diabetes presenting as DKA was
tenfold higher in AP-treated schizophrenic patients than in the general population (1.493 versus 0.14
per 1,000 patient years), and 7.5-fold higher than in the general hospital population (1.493 vs
0.198).13> Not surprisingly, among AP users with pre-existing diabetes, the risk of DKA was 30 times
higher than in the general population.’®

In another study in 725,000 patients, Lipscombe et al. found a comparable incidence of 1-2 acute
hyperglycaemic emergencies per 1,000 person-years among non-diabetic, new AP users. They noted
that the incidence was approximately 1 per 1,000 person-years in the age group of 18-65 years, and
closer to 2 per 1,000 in elderly patients. Age thus seems to be a risk factor for DKA in non-diabetic AP
users. In the patients with pre-existing diabetes, the incidence of hyperglycaemic emergencies was
almost tenfold higher (about 12 per 1,000 person years); however, in this group, younger rather than
older age seems to be a risk factor, as DKA occurred about 30 times more frequently in patients aged
18-65, and 8 times more in patients over 65 than in age-matched non-diabetic controls.'’®

Like with DM, drug-induced-DKA is more common with SGAs than with first-generation APs, and
clozapine and olanzapine in monotherapy are most frequently associated with it; other APs only seem
to pose a bigger risk when used in combinations.>”*’® Henderson et al. found that in 7 years, 2.2% of
clozapine users had experienced a DKA, against 0.8% of olanzapine users, 0.2% of risperidone users,
and none of the ziprasidone or quetiapine users.*> Among patients with clozapine-associated
diabetes, DKA occurrences of up to 20% have been reported (versus 2.35% in the general diabetic
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population), although this may be at least partially explained by clinical expectations and detection
through mandatory blood monitoring during clozapine use.’*! Cohen et al. reviewed several studies,
and estimated the annual incidence of clozapine-induced DKA to be in the 0.12%-0.31% range, much
higher than the general population incidence of 0.04% in the United States and 0.01% in Denmark.
However, the authors noted that these data may be biased by underreporting of (non-fatal) cases, and
the few small studies that have been done often differed widely in design, length and execution.®

Mechanisms and risk factors

In an extensive review, Vuk et al. confirmed that in the majority of cases, AP-induced DKA is the first
clinical presentation of newly diagnosed diabetes.>”"'”> The authors concluded however that both
conditions have a different set of risk factors: where AP-induced (worsening of) DM is more common
in patients with pre-existing diabetes, non-Caucasian ethnicity, family history of DM and baseline
obesity, DKA patients are predominantly younger, male, and less likely to be overweight or obese at
baseline.’” One study showed that diabetes presenting as DKA indeed occurs on average between ages
38-42; patients are more likely to be African-American, and both the pre-onset dose and treatment
duration of clozapine are significantly lower and shorter (61.5% occurring within 3 months) than for
diabetes.!® However, the dose-response relationship between clozapine and DKA doesn’t seem to be
particularly strong, with incidences reported on dosages ranging from 150 to 500 mg/day.'”’

Use of antidiabetic medication, and, surprisingly, a family history of DM, are both negatively associated
with risk of DKA.'* The first finding is not unexpected, as poorly controlled DM causes prolonged
glucotoxicity towards pancreatic cells, which increases the risk of hyperglycaemic exacerbation when
clozapine is started.®® Family history of DM as a protective factor underlines the finding that DKA can
occur independently of the presence of (risk factors for) diabetes, and that both clozapine-associated
conditions may have different aetiologies. This would explain the somewhat atypical presentation of
DKA during AP use, a condition that is normally caused by absolute insulin deficiency and therefore
strongly associated with type 1 DM, whereas AP-induced DM closely resembles an aggravated case of
type 2 DM 57,149,178

Another feature that DKA shares with DM is that although significant weight gain is an important
hallmark (seen in appr. 50% of patients), it is by no means essential, as the occurrence of DKA is most
frequent in the first 3-6 months, often before any significant changes in body weight are seen.>”176177
Again, these are hallmarks of type 1 DM, which also occurs independently of body weight. As discussed
in Hyperglycaemia and diabetes, this suggests that apart from the indirect clozapine-induced (and
weight gain-mediated) insulin resistance, clozapine also has direct effects on pancreatic B-cell
secretion of insulin and its cellular targets, which can disrupt glucose homeostasis much faster and
more severely (see also Figure 1). The capacity of clozapine to peripherally block the insulin-mediated
activation of AMPK and GLUT-4 might explain these acute forms of insulin resistance.'®® A possible
mechanism for these processes is the blocking of Hi, M3 and serotonin 5-HT,a and 5-HT,c receptors,
which are abundantly found on pancreatic B-cells.>”*

All this illustrates the complex effects of APs in general, and clozapine in particular on glucose
homeostasis; they may indirectly cause diabetes and hyperglycaemic crises via weight gain-induced
insulin resistance, but also directly via various degrees of cellular signal disruption.>”/149176

Patient management and pharmaceutical treatment

As with diabetes, an important step in the prevention of ketoacidosis is to carefully monitor clozapine-
treated patients as described in Hyperglycaemia and diabetes, preferably by monitoring fasting
glucose levels at baseline, in month 1, 3 and 6 of treatment, and then annually, to ensure that glucose
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deregulation is detected early, and specific precautions can be taken swiftly.>”

Effects of a DKA can be mild, with normalisation of glucose levels within 10 days after clozapine
discontinuation; however, in some cases the effect was so significant that normalisation took 2 years,
and sometimes (temporary) insulin therapy was necessary to gain back glycaemic control.>°%149.178
Acute cases of DKA can sometimes be treated conservatively, with symptomatic treatment
(rehydration, electrolyte replacement) and dietary control. In most instances however, discontinuation
of clozapine, hospitalisation and standard therapy are necessary for a full recovery.?”>”” Standard
therapy consists of acute glycaemic control in the form of insulin'’>"? (first intravenous, later
subcutaneous, with a combination of the long acting analogue and ultra-short acting forms before
meals).>” In severe cases, continuous insulin infusion may be inevitable,® with concomitant
administration of glucose when plasma levels fall below 300 mg/dL (16.7 mmol/L).}” The patient
should also be monitored for associated problems such as acute pancreatitis and infection. 17®

After recovery, patients are often placed on AP drugs with a lower capacity for causing
hyperglycaemia. However, due to lack of effect from other drugs, clozapine is sometimes
reconsidered. Before a retrial with clozapine, it is important to consult with a diabetologist first, and
do a thorough risk/benefit analysis, taking in account the previous clinical response to clozapine and
possible efficacy of alternative APs; these should be weighed against the risks of recurring DKA, the
burden and risks of antidiabetic treatment (e.g. daily insulin injections or antidiabetic medications,
ketoacidosis, hypoglycaemia and other complications) as well as the possibility of non-compliance.'’
It should be kept in mind that reintroduction of clozapine often causes clinical DKA to re-appear much
faster than during initial presentation, within hours or days, and disappear again after stopping
clozapine.>”%149.178 Gjyen the treatment-resistant nature of schizophrenia in many clozapine patients,
rechallenge with clozapine is often attempted, with add-on treatment of hypoglycaemic agents
(saxagliptin, metformin) and insulin to prevent reoccurrence of the DKA.9149175178 Based on glycaemic
values, insulin and oral hypoglycaemics may eventually be decreased or discontinued altogether.?”

Dyslipidaemia

The Zaponex SPC mentions: “Undesirable alterations in lipids have been observed in patients treated
with atypical antipsychotics including clozapine. Clinical monitoring, including baseline and periodic
follow-up lipid evaluations in patients using clozapine is recommended”.!

Dyslipidaemia, usually manifested as increased serum triglycerides and total cholesterol levels with
low HDL cholesterol levels, is another prominent metabolic side effect of SGAs in general, and
clozapine in particular. These changes are most unfavourable since they are among the most
important factors in the aetiology of cardiovascular disease, especially coronary artery
disease.>>108494179 Hypertriglyceridaemia accompanies the development of type 2 DM (causing fasting
glucose levels to rise with 1 mmol/L on average), and for every 1 mmol/L increase in serum triglyceride
level, there is a corresponding 32—-76% increased risk of cardiovascular disease.?

Clinical course and risk factors

The onset of dyslipidaemia can often be seen within 2 to 6 weeks after clozapine initiation.>1%84
Triglyceride levels may increase by up to 33.8 - 48.1%,'° and are often more strongly affected than
cholesterol levels.®* These changes cause endothelial injury through accumulation of excessive lipids,
which is followed by infiltration of monocytes and T-cells, and the proliferation of smooth muscle cells
and macrophages that form the fibrous plaques characteristic of atherosclerosis.'® (see also
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Cardiovascular disease and mortality)

As with glucose dysregulation, AP-induced dyslipidaemia is complicated by the fact that schizophrenic
patients often have lifestyles (unhealthy weight, poor dietary habits and lack of exercise) that already
increase their baseline risk.1%®18! Nevertheless, clozapine, olanzapine and (to a lesser degree)
guetiapine are generally considered to cause the most profound lipid changes, while first-generation
APs and the SGAs ziprasidone, risperidone and aripiprazole pose a lower risk.%343318218 pMale gender is
an additional risk factor in clozapine users, as men have a significantly higher prevalence of
hypertriglyceridaemia than women (56.94 vs. 29.79%). The protective effect of oestrogens and a lower
prevalence of central obesity in women have been suggested as possible reasons for this.*

Mechanisms

Like with hyperglycaemia, atherogenic lipid ratios seem to be already enhanced in schizophrenic
patients, and may be worsened by AP use.!® The association between clozapine and dyslipidaemia can
be partially explained by clozapine-induced weight gain;**%® alterations in triglyceride levels and
enhanced cholesterol are clearly linked to adiposity,”>%*® and may be more strongly mediated by
norclozapine than clozapine.®®% |n addition, increased leptin and decreased adiponectin secretion
(frequently seen in clozapine-associated MetS) are associated with higher levels of blood triglycerides,
LDL and total cholesterol, and decreased fatty acid metabolism in muscles.'>16:>3

Weight increase and glucose dysregulation also worsen dyslipidaemia. Free fatty acids (FFAs) are
normally taken up from plasma by hepatocytes, myocytes and adipocytes, after which they are either
metabolised or stored as triglycerides. Normal insulin signalling and glucose uptake decrease the
activity of lipoprotein lipase; with clozapine-induced insulin resistance and glucose intolerance, there is
increased lipogenesis and fat accumulation in the liver, increased production of VLDLs and FFAs, and
less sequestering of FFAs from the blood into adipocytes.>>8%% \When FFAs increase in the blood
beyond the point where the peripheral cells can either metabolise or store them, they decrease the
sensitivity of hepatocytes and skeletal muscles to insulin; this leads to enhanced glucose production
and reduced uptake, thereby further exacerbating the diabetogenic feedback loop® (see also
Hyperglycaemia and diabetes and Figure 1).

Since many of these processes occur over longer periods, they cannot readily explain the fast onset of
dyslipidaemia that is often seen within a few weeks after starting clozapine. In parallel to glucose
dysregulation, there are also indications for a direct and faster effect of SGAs on lipid regulation that is
independent of weight gain, as dyslipidaemia often starts to develop before any meaningful weight
increase has taken place. 710.56:184-187

Extreme cases are sometimes seen in DKA, where spiking levels of plasma triglycerides (>22 mmol/L)
can occur very quickly.® As already detailed in Hyperglycaemia and diabetes and Diabetic ketoacidosis,
direct toxic effects of clozapine on GLUT-4 transporters and pancreatic f-cells, which negatively impact
insulin secretion and glucose uptake, are believed to be responsible for this.>>”9%14% GLUT-4 activation
and subsequent glucose uptake by liver and skeletal muscle may be mediated by AMPK: as explained
before, SGAs and clozapine activate the AMPK pathway in the hypothalamus, causing increased
hepatic glucose output. However, the effect is reversed in peripheral organs: clozapine inhibits AMPK
signalling in liver and muscles, which increases gluconeogenesis and lipogenesis, and decreases
glucose uptake and fatty acid oxidation.®

Many of the abovementioned clozapine-associated processes are thought to be mediated via
antagonism of Dy, H1 and 5-HT,c receptors, the same ones associated with weight gain and diabetes, so
this might again explain the overlap between the various metabolic symptoms,57/8490,188

Other proposed targets of clozapine include the inhibition of peroxisome proliferator-activated
receptors (PPARs) which regulate transcription of proteins involved in lipid and carbohydrate
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metabolism,>8*1¢ e g. adiponectin.’® The antidiabetic agents glimepiride and rosiglitazone, as well as
the lipid-lowering drug fenofibrate are all PPAR agonists that can significantly reverse clozapine-
induced increases in triglycerides.'®® In contrast to inhibitive effects, sterol-regulatory element-binding
protein 1c (SREBP-1c), an important protein involved in the regulation of lipid and cholesterol
biosynthesis, shows hepatic overexpression in clozapine patients, which is associated with lipid
accumulation and liver steatosis. Clozapine-induced changes in 5-HT, and H; signalling and subsequent
inhibition of peripheral AMPK signalling appear to be responsible for this overexpression.®

In rats, treatment with clozapine or risperidone enhanced de novo hepatic lipogenesis and
cholesterogenesis via alterations in expression of several genes, including Insulin-induced gene 2
(INSIG-2), progesterone receptor membrane component 1 (PGRMC1), SREBP transcription factors and
liver X receptors.8#18 |n schizophrenic patients, several polymorphisms of INSIG-2 have also been
linked to clozapine-associated weight gain and obesity,'*® whereas mutations found in the genes for
the leptin receptor, adiponectin (ADIPOQ) and Fat mass and obesity-associated protein (FTO) were
significantly associated with clozapine-induced dyslipidaemia.®!

Lastly, recent in-vitro research indicates that clozapine-induced reduction of reabsorption of L-
carnitine, a compound that plays a crucial role in fatty acid oxidation in mitochondria, may contribute
to lipid dysregulation in the liver.?%?

Dyslipidaemia and clozapine efficacy

A fairly consistent finding in association studies is that the most efficacious APs like clozapine and
olanzapine tend to cause the most significant degrees of metabolic dysregulation, and this is certainly
true with regards to dyslipidaemia. For example, in clozapine users, increases in (mainly) serum
triglycerides and (to a lesser extent) cholesterol are strongly correlated with the decrease in the
subject’s Positive and Negative Syndrome Scale (PANSS) score, independent of weight gain.0180188 Thjg
association was not seen with quetiapine or risperidone,*® and may seem simply coincidence; an
indirect result of clozapine’s broad action on the many (sub)types of receptors mentioned before,
which can be expected to produce both desired and undesired effects.? However, there could be a
more direct relation, judging by the observation that the use of atorvastatin, which decreased serum
triglycerides and cholesterol levels, sometimes caused a concurrent relapse in schizophrenic
symptoms. 8188 No worsening of psychopathology was seen with orlistat, which only induced weight
loss in clozapine or olanzapine-treated patients.'®®* When statin treatment was discontinued, lipids
increased again, and so did clozapine’s antipsychotic effects.18%188

There is some evidence that cholesterol may increase central serotonin receptor function, possibly
through a membrane effect in neuronal and glial cells, and that low serum cholesterol levels might
thus contribute to treatment resistance in patients with schizophrenia.'®%* |t has therefore been
postulated that the clozapine-induced increase in blood lipids in itself may already have an
antipsychotic effect, although it is unlikely that clozapine causes changes in brain lipid levels.®
Furthermore, dyslipidaemia may also be instrumental in potentiating AP drug effects by altering the
pharmacokinetics, tissue distribution and pharmacological activity of lipophilic drugs like clozapine. In
vitro studies have shown that clozapine redistributed from albumin and glycoproteins into the blood’s
lipoprotein fractions (especially VLDL) when serum triglycerides rise, which may also increase the
unbound and pharmacologically active fraction of clozapine. It has been hypothesised that this creates
a ‘physiologic clozapine depot’ that possibly enables a more consistent release of free clozapine, and
facilitates its transport over the blood-brain barrier.1%°518.188 \Whether dyslipidaemia is essential for
clozapine’s potent antipsychotic effect remains to be seen though, since the negative influence of
lipid-lowering interventions on clozapine’s efficacy has not been a consistent finding.>>88
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Patient management and pharmaceutical treatment

Just as with weight gain and blood sugar, adequate monitoring is advised to detect and treat any
significant changes in lipid metabolism during clozapine use. The American Diabetes Association and
American Psychiatric Association recommend monitoring of plasma glucose and lipids every three
months during the first year, followed by annual monitoring of fasting plasma glucose or HbA;, with
lipid monitoring to occur at least every 5 years.*® For convenience, fasting lipid profile measurements
can be included during the monitoring of fasting glucose levels at baseline, 1, 3 and 6 months, and
annually thereafter, as recommended in Hyperglycaemia and diabetes, to be done concurrently with
neutrophil/WBC counts. %858

As described in Diabetic ketoacidosis, acute cases of severe hypertriglyceridaemia and acidosis can
sometimes occur within the context of DKA, and should be discerned from other causes, such as acute
pancreatitis or hyperviscosity syndrome. They are usually responsive to insulin infusion, since acute
insulin resistance seems to be the direct cause of these symptoms.*®

Many patients are undertreated for dyslipidaemia associated with clozapine,® even though lipid-
reducing agents such as fenofibrate, some antidiabetics (e.g. glimepiride and rosiglitazone) and statins
(e.g. rosuvastatin and simvastatin) are often helpful .®%% As mentioned, fenofibrate, glimepiride and
rosiglitazone are PPAR agonists that reduce the VLDL and LDL levels in the blood, and thereby
triglyceride and cholesterol levels.1%% Statins are blockers of the enzyme HMG-CoA reductase, and
reduce the formation and release of cholesterol by the liver,’%% and triglyceride levels to a lesser
extent.!® They are recommended in patients with high levels of HDL (>4.90 mmol/L) without type 2 DM
and (a high risk of) atherosclerotic cardiovascular disease.*

Lastly, in overweight patients with type 2 DM, the anti-diabetic drug metformin can also help with
dyslipidaemia: it activates hepatic AMPK and inhibits SREBP, which reduce hepatic steatosis and
glucose production, and stimulates fatty acid oxidation.> There is also some evidence that sustained
use of the weight management and anti-diabetic drug liraglutide may help lower lipids and LDL
cholesterol,9>107.108

However, it should be born in mind that decreased clinical response, cognitive impairment and
memory loss have been reported with use of some statins like atorvastatin and simvastatin, possibly
due to reasons discussed above, 9180188194 These effects have been mostly documented in isolated
case reports, but a relationship has never been clearly demonstrated in clinical trials.1881%*

Cardiovascular disease and mortality

The Zaponex SPC (section 4.4) mentions: “There have been post-marketing reports of myocardial
infarction, including fatal cases. Causality assessment was difficult in the majority of these cases
because of serious pre-existing cardiac disease and plausible alternative causes. (...) As with other
antipsychotics, caution is advised in patients with known cardiovascular disease or family history of QT
prolongation.”?

Schizophrenia patients generally die between 10 and 28 years earlier than people in the general
population,*°495195-201 an( their all-cause mortality is 3.5 times higher than in the background
population.?? In naturalistic studies that covered two decades, the all-cause mortality risk was 30% in
SGA users,® and 22% in clozapine users.* Most of this excess mortality affects male patients, and
seems to be primarily due to cardiovascular deaths (specifically from coronary artery disease) and
diabetes.817:4395197.202.203 Cardiovascular disease has a standardised mortality ratio (SMR) of 3.5,
meaning it affects schizophrenics 3.5 times more often than the general population.?®! This is followed
by cancer (lung cancer has an SMR of 2.4), non-HIV infection (the SMR of pneumonia and influenza is
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7.0) and respiratory conditions (COPD has an SMR of 9.9).2%? Schizophrenic patients also have a relative
risk of 1.71 for stroke as compared to the reference group.®

Mechanisms

As with all other facets of MetS, the relation between clozapine and cardiovascular disease is not a
straightforward one. Although there are no clear indications that clozapine has a direct effect on the
onset of cardiovascular disease,® an in vitro study showed that clozapine, when incubated with aortic
strips, could deregulate the production of nitrous oxide from the endothelium. This induces oxidative
stress and prevents the aorta from relaxing completely, which could possibly initiate vascular events
that lead to cardiovascular complications.?%*

Most effects of clozapine on cardiovascular disease are thought to be indirect, and weight increase
appears to be an important intermediate step. As discussed in Weight gain and Hyperglycaemia and
diabetes, clozapine promotes (abdominal) obesity, which increases leptin levels and inhibits
adiponectin release. High leptin levels are a risk factor for cardiovascular disease, as they are
associated with the release of pro-inflammatory cytokines from adipose tissue, which in turn is linked
to insulin resistance and atherosclerosis (see Figure 1): the latter causes a dysfunction of vascular
endothelial cells, with subsequent loss of vasodilatory, antithrombotic and antiatherogenic
properties.®?>% This may be further aggravated by oxidative stress from chronic hyperglycaemia.®
By contrast, adiponectin decreases the release of several pro-inflammatory cytokines, which has
vasoprotective effects: it protects endothelial cells against oxidative stress-induced apoptosis and
molecular adhesion, improves their nitric oxide secretion, and inhibits smooth muscle cell
proliferation.®*® High levels of adiponectin therefore decrease the risk of coronary artery disease,
myocardial infarction and other cardiovascular events.®'>16

A high leptin/adiponectin ratio is not only a biomarker for MetS and insulin resistance, but also for
cardiometabolic risk, with levels above 0.61 suggestive of MetS in schizophrenic patients.’® The
arteries of patients with severe coronary artery disease, abdominal obesity and a high
leptin/adiponectin ratio were found to have a decreased vascular response to acetylcholine, as well as
increased vasoconstriction to adipocyte-derived angiotensin Il (Ang Il). Ang Il is also strongly suggested
to contribute to insulin resistance in endothelial cells.®° Insulin normally enhances production of nitric
oxide secretion for vascular relaxation. Decreased endothelial insulin sensitivity and compensatory
hyperinsulinaemia are thought to directly and indirectly contribute to hypertension, a complication
seen in 85% of MetS patients, and a significant number of clozapine patients as well.°

Atherosclerosis, venous thromboembolism (VTE) and stroke are frequent causes of cardiovascular
death, and VTE is a class effect of (mainly second-generation) APs. Clozapine has the highest odds ratio
for pulmonary embolisms of all APs (1.46 compared to non-AP users),’’ possibly due to increased
platelet adhesion/aggregation via activation of the serotonin 5-HTa receptor,?® but also via indirectly
increasing VTE risk factors such as obesity, hypercholesterolaemia and reduced activity.?%

Furthermore, clozapine use is strongly associated with autonomic dysregulation, probably via
antagonism of adrenergic and cholinergic receptors, increased sympathetic activity, vagal inhibition
and alterations in levels of (nor)adrenalin.1%17293297 These changes may precipitate many interrelated
cardiovascular side effects such as ventricular arrhythmias, QT interval prolongation, decreased heart
rate variability, orthostatic hypotension, paradoxical hypertension and sustained tachycardia.l’-203297
Chronically increased resting heart rates (>75 bpm) are believed to be particularly detrimental to
patient health, as they are associated with cardiomyopathy and fatal myocardial infarction,*” possibly
through increased oscillatory shear stress, cardiac work and oxygen consumption, leading to coronary
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atherosclerosis and myocardial ischaemia.?®® Prolonged heart rates >80 bpm were found to increase
both the risks of cardiovascular disease (by 30%) and non-cardiovascular disease excluding stroke (by
57%) as compared to heart rates <60 bpm.'’

Clozapine-induced cardiovascular side effects such as arrhythmias, blood pressure abnormalities and
tachycardia can possibly exacerbate into severe cardiac pathophysiology like heart failure, ventricular
hypertrophy, myocardial infarction, cardiomyopathy and sudden cardiac death.'”:2%% Clozapine use has
indeed been found to significantly increase the risk of sudden cardiac death (3.8 times more than in
non-clozapine use),?” which can have a multitude of underlying causes: QT interval prolongation and
Torsade de Points due to potassium channel blocking, malignant arrhythmias, and coronary artery
disease.'” Additional potential causes are myocarditis, 203219211 myocardial infarction,*’
cardiomyopathy?” and pulmonary embolisms.?!2 However, these associations were often found in
small studies that did not always correct for confounders like mental disease severity, lifestyle or co-
morbidities.'’

Risk factors

In a naturalistic study, Nemani et al. estimated that clozapine users (mean age at start: 36.4 years) had
a 29% chance to experience cardiovascular events over a 21-year period, and a 10% mortality rate for
cardiovascular disease.”® An older and shorter (10 year) study by Henderson et al. found a comparable
9% cardiovascular mortality risk (although mean age at the start was 36.5, so the effect of age was less
well studied).?*® By comparison, the 30-year prevalence of cardiovascular events in normal patients
aged 20-29 is 2.5-5.0% for women and men respectively.*® Even though there is no reliable comparison
between clozapine patients and the general population of similar age groups, the former is implied to
be at considerable higher risk. Caucasian patients are apparently more frequently affected than other
ethnicities.'®” Nemani’s study also showed that, as expected, the highest risk for cardiovascular
morbidity and mortality manifested during the first decade, through increased BMI, weight and
triglycerides. Weight gain was especially marked in the first three months, before increasing at a
slower rate in the remainder of the first year and levelling off in the second decade, which coincided
with a significant decrease in metabolic risk markers (significant attenuation of increases in
cholesterol, triglycerides and weight) and a corresponding decrease in cardiovascular events and
deaths during the second decade.®®

The abovementioned mechanisms and the well-documented effects on weight gain, glucose
dysregulation and lipid homeostasis make that clozapine has one of the highest risks of cardiovascular
problems.?” But despite this, clozapine has not been found to cause substantially more
(cardiovascular) mortality than other APs in population studies.>**'%” One explanation for this
paradoxical discrepancy lies in the many confounding factors that complicate the clozapine-
cardiovascular events relationship.

As mentioned before, schizophrenia patients often have lifestyle habits that already exacerbate their
baseline risks of developing MetS, VTE and cardio/cerebrovascular disease independently from AP use:
they are more likely to be overweight (often with central obesity and accompanying glucose
intolerance/insulin resistance?®); they often smoke and exhibit alcohol/substance abuse, low physical
activity, unhealthy eating habits and poor self-care. Additionally, they usually have low education and
employment levels (which limit the chances for improvement), and their cardio-metabolic risk factors
are often underdiagnosed and undertreated.#17,2>151,152,195-197.214 p e to these background risks, the
additional risks that come from AP and clozapine treatment are difficult to quantify. For example,
myocardial infarction is mentioned in the Zaponex SPC, but the frequency cannot be estimated.?
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Of the lifestyle factors, cigarette smoking in particular seems to be most detrimental for cardiovascular
health, increasing cardiovascular death risk by 86% over 20 years.? Schizophrenic patients (especially
males) smoke 2-3 times more often than the general population, are 3 times more likely to have ever
smoked in their lifetime, and 2-6 times more likely to be heavy smokers?®® (although there are
substantial international differences in smoking prevalence due to social and economic factors’21),
However, it has been suggested that clozapine may have a protective effect here,*”** since one Sri
Lankan study showed that clozapine users smoked considerably less (18%) than non-clozapine AP
users (38-48%).21® Clozapine’s superior therapeutic effect, its ability to improve abnormal sensory
processing, coping skills and cognitive impairments, as well as its serotonergic antagonism which may
reduce nicotine craving have all been speculated as possible reasons.”21®

Furthermore, a 2-year association study showed that unhealthy lifestyle markers such as poorer
dietary quality and cardiorespiratory fitness, higher BMI, waist circumference and HbA;. levels and
lower HDL levels were primarily associated with negative symptoms in schizophrenia spectrum
disorders.'®® One review found that apathy and anhedonia, common occurrences in schizophrenia,
specifically lead to limited physical activity, which, combined with high sugar and fat intake, result in
MetS.?* Better cognitive functioning and employment were associated with better cardiorespiratory
fitness. Reduction of negative symptoms can improve sedentary lifestyles, and may therefore be a
good strategy to manage cardiovascular morbidity and mortality in patients.?>%

Cardiovascular risks versus benefits of clozapine

So paradoxically, clozapine use has one of the worst metabolic outcomes, but also carries the lowest
risk for all-cause mortality of all AP drugs,?'%2%2 partially due to having one of the lowest cardiovascular
mortality rates.??°%27 Apart from lifestyle factors that substantially exaggerate clozapine’s perceived
risk, it would stand to reason that it also offers ample protective effects.

That said, several claims have been made that clozapine’s lower mortality could be due to confounding
by indication: given its serious side effect profile, clinicians may be selective in prescribing clozapine to
the healthiest patients only, and not to patients who already have significant cardiovascular
comorbidities. However, in a large Dutch cohort study with more than 78,000 AP users, there was
evidence to the contrary: clozapine users had more cardiovascular or diabetic comorbidities at the
start than users of other drugs, and cardiovascular or antidiabetic drugs were prescribed earlier and
more often in the clozapine group than in the olanzapine group. This doesn’t exclude the possibility
though that some countries with low clozapine prescription rates (e.g. Canada) indeed preserve
clozapine for their low-risk patients.®

Other claims are made that clozapine’s beneficial effects on mortality may not be “true” effects, but
largely secondary to 1) the mandatory medical monitoring!®®2% (especially of neutrophils and WBCs),
or 2) its anti-suicide effect.2°%?!2 Concerning the first, the increased clinical contact in clozapine use
might positively influence lifestyle, and cause metabolic disturbances to be diagnosed and treated
better, earlier and more often than in users of other APs.1992% As for the second, clozapine may reduce
overall mortality primarily by reducing the number of suicides rather than the natural deaths.?%%212

These theories have already been disproven to some extent in a few large cohort studies, such as an
11-year study where the reduction in completed suicides was certainly found to play a substantial part
in clozapine’s lowest risk of all-cause death, but a significant reduction in death from ischaemic heart
disease was also a major factor.?*® It is true that compared to olanzapine users (a drug with a largely
similar MetS profile), clozapine users had a higher prescription rate of anti-diabetic drugs, beta-
blockers and lipid-modifying agents, so some of the clozapine benefits may indeed stem from better
treatment of MetS.? However, a 5-year British cohort study among 14,754 seriously mentally ill
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patients found that clozapine’s positive effect on mortality remained significant and robust even after
adjusting for a range of potential confounders, including contact with specialist mental health services,
disease severity, other AP use, other mental and physical health issues and use of alcohol or other
drugs. The authors did not control for some adverse lifestyle choices (such as smoking, poor diet,
inactivity), so there was a chance that increased clinical contact with clozapine users positively
affected their lifestyle choices.?®

What was especially remarkable was that although clozapine patients had 9 out of 15 characteristics
that were significantly associated with increased mortality risk, clozapine still substantially reduced the
risk of both natural and unnatural death. This further ruled out the possibility that the lower mortality
rate in clozapine users could be almost entirely explained by the reduction in suicides.?®

Even though the cardiovascular death risk among clozapine users (exacerbated by adverse lifestyle
habits) is a substantial 9-10%,**'* most studies still could not find an increased risk of cardiovascular
deaths with clozapine use when compared to other APs.243197.200 This observation is not new,*>1%7.217
and suggests the possibility that clozapine may protect against cardiovascular mortality relative to
other AP drugs.?'® Proposed reasons for this comparable or decreased cardiovascular risk despite
clozapine’s higher metabolic risk include the improvements in mental state caused by clozapine that
lead to better self-care, decreases in smoking behaviour, and increased engagement with health care
services by patients.>*” This does not preclude the possibility that clozapine is associated with a higher
risk of certain causes of death (e.g. respiratory, metabolic and haematologic mortality), but these are
speculated to be outweighed by reduced risks of death from other causes.?®

Patient management and pharmaceutical treatment

Given the high mortality rate associated with cardiovascular side effects, it is important to perform
regular extensive health checks in clozapine-treated patients, which should include examinations for
cardiovascular disease. At least annual physical checks are recommended for patients with psychosis
or schizophrenia, with referrals for diagnosis of cardiovascular disease and its risk factors, and
treatment offered accordingly.'”1%

Early detection of cardiac abnormalities is not only crucial for preventing fatalities, but will also reduce
the eventual costs of health care in the long run.2®® Echocardiography is often employed to detect
heart enlargement and left ventricular hypertrophy/dysfunction, which can confirm a diagnosis of
cardiomyopathy, but the technique is usually not cost-effective enough for periodic screenings. It is
therefore highly recommended to do a baseline echo prior to clozapine treatment, to exclude pre-
existing conditions and enable better comparisons with ad hoc imaging studies done later in
treatment.”’

In lieu of echocardiograms, ECGs are practical diagnostic tools to detect abnormalities in heart rhythm
or other cardiac parameters. During the first four weeks of clozapine therapy, weekly ECGs and
monitoring of vital signs are advised; since ECGs lack sensitivity to detect myocarditis, these should be
coupled with weekly C-reactive protein (C-RP) and troponin (I or T) assays which can pick up any early
inflammation and/or myocardial damage, especially myocarditis (which typically occurs during the first
month) and cardiomyopathy. These tests can be done concurrently with the mandatory weekly bloods,
and any sufficiently abnormal results (especially with symptoms like fever) should be a reason for
follow-up with echocardiography.?’® See ZTAS Fact Sheet ‘Myocarditis and cardiomyopathy’ for more
detailed information.

People at high risk of cardiovascular disease are often put on antiplatelet anticoagulants such as
aspirin or clopidogrel, but these are also associated with increased bleeding. Selective serotonin
reuptake inhibitors (SSRIs) may be suitable alternatives, since platelets rely on serotonin reuptake for
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aggregation as they cannot synthesise it themselves. This class of drugs inhibits platelet aggregation
and vasoconstriction, which may help prevent (severe) coronary heart disease and ischaemic strokes
without increasing bleeding risk. They could be helpful in patients who also need antidepressant
therapy for (residual) negative symptoms of schizophrenia, since they have previously shown
promising results in major depressive disorder.?

Due to clozapine’s risk of thrombotic events, a risk assessment for VTE is recommended, and patients
should be informed to seek medical care in case of early symptoms. Prophylactic anticoagulants should
be considered in high-risk patients,17206:219,220

Due to the dangers of prolonged tachycardia, monthly or at least 6-monthly heart rate monitoring is
advised during stable clozapine therapy.” In the first year, heart rate is preferably measured
concurrently with the mandatory blood monitoring, i.e. weekly during the first 4 months, and then
fortnightly during the remaining 8 months. In case of tachycardia or a prolonged pulse of >80 bpm, a
reduction in heart rate via the use of beta-blockers or nondihydropyridine calcium channel blockers
(e.g. verapamil and diltiazem) demonstrably lowers the mortality from myocardial infarction and heart
failure. In theory, these drugs should lower the incidence of cardiomyopathy and cardiovascular
mortality as well, but due to the risk of orthostatic hypotension, their use is best discussed with a
cardiologist beforehand.” Please see ZTAS Fact sheet ‘Tachycardia’ for more information.

Orthostatic hypotension is defined as a sustained reduction in systolic blood pressure of at least 20
mmHg, or in diastolic blood pressure of 10 mmHg within 3 min of standing. It is often encountered in
elderly patients with co-morbidities, usually in the beginning of clozapine treatment (especially with
fast dose increments during titration) or with treatment of tachycardia (as described above). Although
usually transient and innocent, it can lead to dizziness, falls and injury, and in the general population,
orthostatic hypotension is associated with (but not always causally related to) increased risks of all-
cause death (50%), coronary heart disease-related events (41%), heart failure (125%) and stroke (64%).
When persistent during clozapine treatment, dose decreases are often helpful, and treatment in
patients with ischaemic heart disease, heart failure, cardiac arrhythmias, tachycardia or hypertension
should be tailored as to not exacerbate hypotension. If the event still does not abate, increasing
intravascular volume with fludrocortisone or desmopressin can be considered.’

Metabolic symptoms and clozapine efficacy

A recurrent observation is that the most efficacious APs like clozapine and olanzapine tend to cause
the most significant degrees of metabolic dysregulation. This is evidenced by the fact that
improvements in total psychiatric symptom severity are strongly correlated with increases in weight,
BMI, total cholesterol and LDL cholesterol concentrations, and decreases in HDL cholesterol
concentrations (although this association is most strongly explained by changes in blood
lipids).141>295995172.188 Haowever, the suggestion that metabolic symptoms are inherent to a drug’s
antipsychotic effect and thus unavoidable (and perhaps even instrumental) has been disproven in
several publications. As described in previous sections, factors like weight gain, hyperglycaemia and
DKA can be (partially) prevented with treatment, with no apparent loss of antipsychotic efficacy.>*°>172
Clozapine-associated dyslipidaemia could also be (partially) treated without a corresponding loss in
clinical response, although literature has reported conflicting results in this area.%>88

The controversy about the severity of metabolic symptoms being proportional to an AP’s effectiveness
prompted Pillinger et al. to explore an alternative hypothesis, namely that metabolic dysregulation is
relatively equal among the AP drugs, but that compliance issues may explain the perceived
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differences: less effective APs may only seem to cause less metabolic side effects because patients do
not take them as diligently as the effective drugs. However, comparisons between the oral and long-
acting injectable formulations of aripiprazole showed that both caused similar alterations in glucose
and lipids, so compliance issues alone cannot explain such differences.? Not only do APs differ
genuinely and markedly in their degree of metabolic dysregulation, some drugs can even improve
certain metabolic parameters: e.g. lurasidone, cariprazine and aripiprazole/brexpiprazole were shown
to have a favourable effect on levels of glucose, LDL cholesterol and HDL cholesterol respectively when
compared to placebo.>®

MetS shows a highly interindividual variability, as male gender, non-white ethnicity and increased
baseline body weight seem to be independent risk factors for development of AP-induced MetS. This
reflects its complex and multifactorial aetiology, where choice of AP drug can interact with certain
patient characteristics.? Several gene polymorphisms with strong MetS associations have already been
mentioned in previous sections, including the genes for INSIG-2, FTO, leptin and the leptin receptor®®
which are involved in weight and/or lipid regulation. Other genetic associations include genes involved
in cholesterol metabolism (such as SREBF2), the folate cycle (MTHFR), regulation of neurotransmitter
signalling (COMT), but also the dopamine receptor D, serotonin 5-HT2a/2c and alpha-2A adrenergic
(ADRA2A) receptors.>1>

As explained in Dyslipidaemia, one explanation for the differences in efficacy and metabolic
dysregulation between AP drugs seems to be that the most efficacious drugs tend to have the
broadest and most complex pharmacodynamics. Clozapine is the most atypical of the SGAs, as it
targets many different receptors and neural pathways which produces its strong antipsychotic effect.
However, it also acts on many central and peripheral off-target pathways in the hypothalamus, liver,
pancreatic B-cells, adipose tissue and skeletal muscle, thereby disrupting the regulation of glucose and
lipid metabolism by these organs.

The section Weight gain (‘Paradoxical weight loss’) revealed that clozapine’s therapeutic effect is
indeed exerted via antagonism of many different types of receptors. These include mainly dopamine
D,, serotonin 5-HT2a, histamine Hj, and also muscarinic Ms, the same mechanisms also implicated in
many facets of metabolic dysregulation; in fact, a drug’s effect on serotonin, histamine and muscarinic
activity, as well as on peripheral dopamine receptors (e.g. antagonism or partial agonism) may largely
predict how it will affect glucose and lipid levels.>> Clozapine’s main metabolite norclozapine may play
a special role here, as it has a stronger affinity for several types of receptors than its parent compound,
and may thus be responsible for many of clozapine’s metabolic effects; however, norclozapine is also
believed to improve antipsychotic efficacy, and have beneficial effects on cognition (such as improved
working memory performance).®

On a subcellular level, clozapine’s disruption of cellular energy homeostasis via alteration of glucose
and mitochondrial regulation may be among the many processes that cause both its therapeutic and
metabolic effects (see General information and background and Hyperglycaemia and diabetes).?*

Furthermore, the raised leptin plasma levels that accompany AP treatment and increases in fat mass
are known to contribute to the pro-inflammatory state and insulin resistance seen in type 2 DM, but
are also hypothesised to mediate clinical improvement (especially in negative symptoms): leptin
receptors are found throughout several regions of the central nervous system (CNS), and in leptin-
deficient adults, leptin administration can activate several areas in the brain that are defective in
schizophrenia.}*?

The same was found for several other components in the gut-brain signalling axis, like adiponectin,
ghrelin, cholecystokinin (CCK), neuropeptide Y (NPY), GLP-1, orexin-A and insulin: AP-induced changes
in these hormones negatively influence energy balance, appetite and food intake, but they may also
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act in the CNS and positively affect synaptic plasticity, cognition, and symptomatology. Although the
GLP-1 agonist exenatide did not show improvement in cognition or psychosocial function in patients,
some promising results in psychopathological improvement were seen when CCK, NPY and orexin-A
receptors were therapeutically targeted. This again emphasises the complex array of actions of
clozapine, some of which are desired while others are not.?°

Management

Patient care

Considering the severity of the syndromes that can result from clozapine-induced metabolic side
effects, it is important to carefully monitor the patients for weight gain and other parameters
associated with MetS.* Since the symptoms of MetS largely occur co-dependently, an integrative
approach to monitoring and patient management is recommended. Where the previous sections
aimed to provide management options for each symptom separately, this section is specifically about
interventions meant to deal with MetS as a whole.

As weight increase, glycaemic dysregulation and dyslipidaemia can have negative consequences for
the health and self-image of the patient during long-term clozapine treatment, dietary intervention,
physical exercise and psychoeducation should be the first-line basis of treatment.® Specifically tailored
health programmes have been proven successful in helping to improve diet, increase exercise,
promote weight loss and quit smoking,”*”*3 possibly in combination with psychological interventions
such as cognitive behavioural therapy, which help to change notions towards food habits and promote
healthy behaviour.>#%°1

Such interventions alone are often insufficient or difficult to maintain in patients with limited insight
into their pathology. Since clozapine is also known to be able to increase hunger, pharmacological
assistance may be needed.'”®%%* See section Pharmaceutical treatment of metabolic side effects of
clozapine below.

Lastly, nicotine replacement therapy, varenicline and bupropion can help with smoking cessation,
although caregivers should be aware that since smoking significantly lowers clozapine plasma levels,
smoking cessation usually requires a clozapine dose decrease.??? See ZTAS Fact Sheet ‘Clozapine
metabolism and plasma level monitoring’ for more information.

Monitoring metabolic side effects

Fortunately, many clinicians seem to be aware of the dangers of clozapine-induced MetS, and routine
screening for MetS symptoms occurs more frequently in patients on clozapine than on other AP
drugs.*

As per most guidelines, in patients taking SGAs, personal and family history of obesity, diabetes,
dyslipidaemia, hypertension and cardiovascular disease should be recorded, and they should receive
appropriate baseline screening and ongoing monitoring of weight and height (BMI), waist
circumference (at the level of the umbilicus), blood pressure, fasting plasma glucose and fasting lipid
profile 17848

If these parameters, coupled with age and smoking status, indicate high risk, clozapine prescription
may need to be reconsidered. In absence of viable alternatives, lifestyle/pharmacological interventions
and referral to a specialist may have to be initiated immediately.?’

Table 2 shows suggestions for routine monitoring of metabolic side effects in adult patients. These
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recommendations are an assemblage of recommendations by The Maudsley Prescribing Guidelines,®
the Clozapine Handbook® and various other publications on this subject.®”-8°

Table 2. Monitoring protocol for patients with normal baseline values at start of an episode of care.

Baseline 1 month 3 months 6 months aar:r:izfli/
Personal/family history v
Blood pressure 4 4 v v v
Weight, BMI, waist v v v v v
Fasting plasma glucose v v 4 v v
Fasting lipid profile v 4 v v v
Lifestyle advice v 4 v v v

It is strongly recommended to perform these tests (especially the haematological ones) when the
patient comes over for the mandatory periodic full blood counts that check the neutrophil counts and
WBCs.* In case of abnormal findings, monitoring frequency may need to be increased.® As mentioned
in Hyperglycaemia and diabetes, fasting glucose measurement can be expanded (but not replaced) by
measurement of HbA;c, a parameter that may have additional value for identifying pre-diabetes.”#915
After the first year of clozapine use, routine annual checks may eventually suffice for most patients,
but more frequent monitoring is recommended in high-risk patients. Intervention should not be
regarded as a substitute for monitoring.'’

What to do in case of abnormal test results

The Zaponex SPC (sections 4.4 and 4.8) states: “When follow-up data were available, discontinuation
of clozapine resulted mostly in resolution of the impaired glucose tolerance, and reinstitution of
clozapine resulted in its reoccurrence. The discontinuation of clozapine should be considered in
patients where active medical management of their hyperglycaemia has failed.” “Glucose levels
normalised in most patients after discontinuation of clozapine and in a few cases hyperglycaemia
recurred when treatment was reinitiated.”?

The general advice for patients who develop severe hyperglycaemia or dyslipidaemia while on SGAs is
to first attempt to implement (additional) lifestyle changes as described above in ‘Patient care’. If
these are insufficient or unattainable, health care professionals may consider using adjunctive
pharmacological interventions to combat metabolic side effects (see Pharmaceutical treatment of
metabolic side effects of clozapine below).”%* Many interventions aimed at weight loss, such as
metformin or orlistat, have broad actions and target other symptoms of MetS like hyperglycaemia and
dyslipidaemia as well.' If a metabolic or cardiovascular disease is diagnosed, the patients should be
referred to a specialist in diabetology, endocrinology and/or cardiology or to other services to receive
appropriate care.’

In case of uncontrollable hyperglycaemia, obesity or dyslipidaemia where all management approaches
have been unsuccessful, switching to an SGA that has not been associated with significant weight gain,
diabetes or lipid alterations may need to be considered.”®*?2* However, when an effective response on
clozapine is finally achieved, a switch from a beneficial AP regimen is usually considered a last resort
effort,?242% so the decision should take the entire psychiatric and physical condition of the patient into
consideration, as well as the pharmacological profiles of current and proposed drugs.’
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Drugs like aripiprazole, amisulpride, paliperidone, brexpiprazole, ziprasidone, cariprazine, asenapine
and lurasidone have neutral metabolic profiles, and, in some cases, even improve the metabolic
parameters.>>4%% Especially switching to aripiprazole, lurasidone or ziprasidone significantly reduced
weight and improved cardiometabolic outcomes.4%226

However, it should be born in mind that many clozapine patients are treatment-resistant or -
intolerant: they have either not responded well to other APs in the past or suffered untreatable
extrapyramidal side effects, so other drugs may have substantial less clinical effect.240.6494224.225

Pharmaceutical treatment of metabolic side effects of clozapine

Various drugs have been described to reduce metabolic side effects induced by APs. Although studies
have shown some promising possibilities, the evidence remains somewhat limited,??”2® and more
than a third of patients may not benefit from such therapies.’ One reason for the latter finding may be
a suboptimal dose or plasma concentration of the treating drugs. Secondly, some aspects of MetS may
be sensitive to high (nor)clozapine levels, so therapeutic drug monitoring of both clozapine and the
treatment drugs may have important benefits.>*° A third proposed reason is that such interventions
are most effective when initiated in patients who are new on APs; many of them start much later in
treatment, when MetS symptoms have already appeared, and as a result, patients rarely return to
their pre-treatment values.*® Below is an overview of the medication that acts on various facets of
MetS, and may reverse or mitigate exacerbation of disease.

Metformin

Although not included in official guidelines, there is ample evidence to support the use of the anti-
diabetic drug metformin to treat AP-induced weight gain.%” For clozapine-treated patients, metformin
has been reported to be safe and effective in the control of MetS, due to its broad array of actions on
AMPK and GLP-1 that ameliorate obesity, hyperglycaemia and dyslipidaemia.>1%609125 There have
been several double-blind, placebo-controlled studies as well as meta-analyses and reviews on the use
of metformin and clozapine, and although there are a few inconsistencies in some of the parameters
studied, metformin generally had a positive effect on weight and BMI reduction, waist circumference,
blood glucose/insulin and blood lipids,>°99-101.22% with average weight losses around 2.9-3.1 kg.%%1?°
Some studies reported favourable effects on both triglycerides and cholesterol (total and HDL
cholesterol), although these findings as well as effects on blood pressure are somewhat
inconsistent.?1% A review or a few small studies showed that 16 weeks of metformin treatment was
also effective in weight loss in children, although the use is considered off-label, and the evidence is
less robust than in adults.®”-%3°

Dosages around 3000 mg/day were considered appropriate in adults, and 1000 mg/day in
adolescents,?® although dosages as low as 750 mg/day already had beneficial effects on metabolic
profiles in schizophrenic patients.’® The most frequently reported side effects are gastrointestinal
symptoms such as upset stomach and nausea,'® and vitamin B12 deficiency during long-term use.%

In studies with patients using SGAs (including clozapine), the beneficial effects of metformin on weight
loss seem to be similar or somewhat less robust than intensive lifestyle interventions, but
metformin is superior in managing glucose dysregulation. Adding metformin as adjunctive therapy to

lifestyle changes such as healthier diet and increased exercise gave the best results for all
parameters 17,40,97,100,101,103,229

One trial found the prevalence of MetS significantly decreasing in the metformin group throughout the
first 16 weeks of a 24-week study period, but also noted that the weight returned to baseline again
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after metformin was stopped. So although the effects of metformin can last for up to ten years,
sustained use of metformin is important.®”.10!

There is also growing evidence that metformin may be more helpful in preventing weight increase
than causing weight loss; its effects in long-term users seem much smaller than in new ones, possibly
because the former group already has significant insulin resistance. This would make a strong
argument to initiate metformin early in AP therapy, as soon as patients are starting to show signs of
increased weight or glucose levels, and not delay until significant weight gain or glucose dysregulation
has already occurred.*%.6057.102

Glucagon-like-peptide-1 receptor-agonists (GLP-1RAs): liraglutide and exenatide

Due to their direct stimulation of GLP-1 receptors, GLP-1RAs have effects similar to metformin on body
weight and blood glucose. They may also help restore pancreatic B-cells mass and functionality, and
improve cardiovascular risk markers, including blood pressure and lipid profiles.>

Effectivity and tolerability of GLP-1RAs exenatide and liraglutide in AP users (average duration of 16
months) were confirmed in three systematic reviews and meta-analyses, which demonstrated
favourable outcomes on body weight, BMI, fasting glucose, waist circumference and BMI.1%% A weight
loss of 5% or more was seen in 37% of all AP users on either liraglutide or exenatide (only 11% of
patients on usual care managed this), and 19% of patients achieved a weight loss of 7% or more
(against 6% on usual care). Clozapine patients on a GLP-1RA lost an average of 4.90 kg of body weight
more than controls, and 64% had a normalised fasting plasma glucose after treatment (against 16% on
usual care). HbAic levels were also significantly lowered.%>%7

Liraglutide is specifically indicated for weight management; it significantly decreased body weight
(average loss 5.3 kg) and waist circumference (4.1 cm) as compared to placebo in patients with
schizophrenia spectrum disorders treated with clozapine or olanzapine, together with substantial
improvements in glucose tolerance, systolic blood pressure and LDL levels.’%1%” Weight loss remained
significant even one year after stopping.' Exenatide, indicated for treatment of type 2 DM, caused a
higher mean change in weight (-5.29 kg) and fasting glucose (-0.34 mmol/L) than traditional weight
loss strategies (-1.12 kg and +0.39 mmol/l), and 6 out of 14 exenatide patients achieved weight losses
of >5% (against 1 in 14 patients with usual care).®%

Nausea and vomiting seem to be the most commonly encountered and dose-related side effect of
GLP-1RAs, which typically resolve within 4-8 weeks.5*®5°> With relatively few included patients, further
studies are required before making routine use recommendations for these GLP1-RAs.5°>

Other GLP-1RAs like semaglutide also show significant weight loss in obese patients with once-weekly
injections, combined with intense behavioural therapy and diet. Whether this drug is also as effective
in clozapine patients still needs to be investigated though.?3!

Since inhibition of GLP-1 by clozapine is believed to be of major importance in the aetiology of MetS,
GLP-1RAs are possibly even more effective than metformin in improving body weight and
hyperglycaemia.106>959107 Thejr complementary actions could possibly reinforce each other’s effect,
as seen in one case where an obese clozapine patient lost 42 kg of his 187 kg body weight while on
both metformin and exenatide.®® Both drugs had been given at the start of clozapine initiation, so a
lack of AP-induced insulin resistance may have been instrumental in the success of this treatment. The
safety of this combination should first be investigated before any formal recommendations can be
made, though.

Statins, PPAR-agonists and fenofibrate
Statins are effective in reducing total and LDL-cholesterol, and (to a lesser extent) triglycerides. They
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inhibit HMG-CoA reductase and thereby limit the biosynthesis of cholesterol.?32 However, as a class
effect, they can also raise blood glucose,?*? and may increase the risk of developing diabetes. The
clinical benefits of improving cardiovascular health in clozapine patients should therefore be weighed
against the increased occurrence of type 2 DM.°

PPAR agonists (e.g. glimepiride, rosiglitazone and fenofibrate) are also effective against clozapine-
induced dyslipidaemia and atherosclerosis as they improve HDL, LDL and triglycerides!®%® by
eliminating atherogenic triglyceride-rich particles from plasma (fenofibrate)?* or increasing the
transcription of genes involved in fatty acid uptake and oxidation (rosiglitazone and glimepiride).®

Orlistat

Orlistat, a lipase inhibitor, in combination with a reduced fat diet, may be effective in reducing weight
and preventing weight gain in clozapine- and olanzapine-treated men, but not women,>10:111.229 |¢
does not affect the CNS, but may cause diarrhoea, bloating and cramps.®> As with metformin, it seems
more effective in early clozapine treatment than later on, and therapy may need to be sustained for
the best effect.>’

Aripiprazole/ziprasidone

Aripiprazole is sometimes also used to augment clozapine efficacy, allowing the clozapine dose to be
lowered. 8 In several clinical trials, aripiprazole addition reduced weight, waist circumference, or low-
density lipoprotein (LDL) cholesterol, and improved glucose response. 114118229234 However, other side
effects, such as akathisia or increased psychotic symptoms, are repeatedly reported.'*?3> |n addition,
note that in post marketing evaluation and in several case reports, aripiprazole has also been
implicated to cause hyperglycaemia and diabetic ketoacidosis.*'>122

Limited evidence exists for weight loss after adding ziprasidone to clozapine, or substituting part of the
clozapine dose for it.11%113

Topiramate/lamotrigine

In literature, topiramate in combination with clozapine is mainly used to augment efficacy, but it also
reduced body weight in clozapine-treated patients.}>712> Topiramate reduces glutamatergic activity in
the hypothalamus, which causes weight loss through decreased appetite.> A study in olanzapine-
treated patients also demonstrated reduced glucose, total cholesterol, LDL cholesterol and blood
pressure.?®

Studies generally show that topiramate is well-tolerated in patients treated with clozapine,
paraesthesia being the most common side effect.??>12% |ts anticonvulsive properties also make it a
suitable addition in clozapine patients with a lowered seizure threshold.??® Note, however, that
worsening of psychosis has also been reported after the addition of topiramate.?37238

Lamotrigine is another possible addition to clozapine due to its mood-stabilising and antidepressant
properties without causing weight gain?®, which may allow for the clozapine dose to be lowered and
metabolic symptoms to be ameliorated.

Betahistine

A double-blind placebo-controlled study in patients being treated with olanzapine or clozapine (n = 26)
found that betahistine was significantly better than placebo in preventing increases in weight (3.1 kg
less weight gain than placebo), BMI, and waist circumference. Betahistine did not significantly improve
appetite or glucose-lipid measures and there were no significant differences in side-effects or
psychopathology changes in the betahistine- versus placebo-treated patients.>
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Atomoxetine/reboxetine

Negative symptoms in chronic schizophrenia are associated with decreased noradrenergic stimulation,
which is known to lead to inhibition of dopamine signalling in the prefrontal cortex. The noradrenalin
reuptake inhibitor atomoxetine, indicated for treating ADHD, can therefore be used to treat residual
negative symptoms and enhance cognition. Atomoxetine is also known to very commonly cause loss of
appetite.'?® The same was found for another noradrenalin reuptake inhibitor, the antidepressant
reboxetine,’ indicated for depressive illness and major depression.’*® Augmentation of clozapine with
atomoxetine or reboxetine could therefore have additional clinical effect and promote weight
loss/prevent weight gain as well,>*?® although one study found that atomoxetine did not offer
additional benefit for weight loss over structured group support and exercise programmes.?*°

SSRIs

Patients with an increased risk of cardiovascular disease may benefit from the use of SSRIs, as they can
prevent thrombus formation and vasoconstriction, which help prevent (severe) coronary heart disease
and ischaemic strokes. They are preferred over anticoagulants such as aspirin or clopidogrel (which
may increase the risk of bleeding) and may also help with residual negative symptoms.?®

Especially fluvoxamine addition to clozapine can have several advantages; apart from reduced clotting
and providing additional antidepressant effect,? it inhibits clozapine metabolism, which can be used to
reduce clozapine tablet load and improve the clozapine/norclozapine ratio. This can have several
favourable metabolic effects, such as improving body weight and limiting hyperglycaemia and
dyslipidaemia, thus ameliorating clozapine-induced MetS. Care should be taken though to prevent
clozapine from going into toxic ranges.”*"2

The antithrombotic capacities of different SSRIs can vary significantly though, since different drugs
have different additional pathways in which they can decrease platelet aggregation. Some SSRls, such
as escitalopram, sertraline, citalopram and paroxetine, may therefore be more effective than others
(e.g. fluoxetine), and the protective effect can even differ between genders, age groups and
therapeutic indications. Additionally, while some SSRIs like fluvoxamine may have beneficial effects on
body weight and levels of insulin, glucose and triglycerides, others ended up worsening them,
depending on confounders. As a result, SSRIs have unique metabolic risks and cardiovascular benefits
depending on sex, age, therapeutic indication and concomitant use of other APs, and should be used
with caution.?
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Advice for daily practice

The Metabolic Syndrome (MetS) is a collection of symptoms characterised by obesity, diabetes,
dyslipidaemia and hypertension, and associated with increased (cardiovascular) mortality.

Patients with schizophrenia already have a higher baseline risk of MetS that can be exacerbated by
antipsychotic use.

Family history of diabetes mellitus and weight gain are poor predictors for developing glucose
dysregulation and diabetes mellitus.

Clozapine is among the antipsychotics with the highest potency to cause weight gain,
hyperglycaemia, diabetes and dyslipidaemia. Although very rare, clozapine can also cause diabetic
ketoacidosis, which can be fatal.

Clozapine can exacerbate the diabetogenic feedback loop through (abdominal) weight gain, glucose
dysregulation, insulin resistance, altered leptin/adiponectin signalling, dyslipidaemia, deteriorated B-
cell function and pro-inflammatory cytokine release (see Figure 1).

Monitor weight, BMI, waist, plasma glucose and lipid profile (see table 2).

Promoting lifestyle changes by providing advice on diet and exercise prior and during clozapine
treatment may help.

When metabolic side effects develop, switching to an antipsychotic with a lower metabolic risk is
usually effective, but it may be undesirable for mental health.

Metformin and GLP-1 receptor agonists are probably the best studied pharmacological treatments of
clozapine-induced metabolic side effects, and appear effective and safe.

Pharmacological treatment seems more effective at preventing MetS symptoms than treating
existing ones, so early initiation is recommended.
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