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Pharmacogenetic Aspects of Antipsychotic Drug-induced Weight Gain - A
Critical Review

Gavin P, Reynolds
Biomedical Research Centre, Sheffield Hallam University, Sheffield, United Kingdom

Treatment with several antipsychotic drugs can result in weight gain, which may lead to further morbidity such as type 2 diabetes
and cardiovascular disease via the development of metabolic syndrome, These important and problematic metabolic con—
sequences of antipsychotic drug treatment probably reflect a pharmacological disruption of the mechanisms involved in control
of food intake and body weight, The extent of weight gain following antipsychotic drug treatment shows substantial variability
between individuals, due in part to genetic factors, Common functional polymorphisms in many candidate genes implicated in
the control of body weight and various aspects of energy and lipid metabolism have been investigated for association with
weight gain in subjects receiving antipsychotic drug treatment, and with metabolic pathology in chronic schizophrenia, Perhaps
the strongest and most replicated findings are the associations with promoter polymorphisms in the 5—HT2C receptor and leptin
genes, although many other possible genetic risk factors, including polymorphisms in the fat mass and obesity associated (FTO)
gene and genes for the alpha?A adrenoceptor and melanocortind receptor, have been reported, Genome-wide association stud—
ies (GWAS) have also addressed antipsychotic—induced weight gain and other indicators of metabolic disturbances, However
there is as yet little consistency between these studies or between GWAS and classical candidate gene approaches, Identifying
common genetic factors associated with drug—induced weight gain and its metabolic consegquences may provide opportunities
for personalized medicine in the predictive assessment of metabolic risk as well as indicating underlying physiological

mechanisms,

KEY WORDS: Schizophrenia; Metabolic syndrome; Diabetes mellitus; Genetic polymorphism; Genetic association studies,

INTRODUCTION

There is no doubt that, despite their side effects and lim-
ited efficacy, antipsychotic drugs have provided relief and
symptom control for a substantial proportion of people
with schizophrenia and related psychotic disorders as well
as, more recently, bipolar mania. The introduction of the
second generation, “atypical” antipsychotics provided a
further valuable advance. These drugs provide an im-
proved tolerability, with a reduction in extrapyramidal
motor symptoms, and some of these drugs also show evi-
dence of increased efficacy.

However, along with the increased use of these second
generation antipsychotics has come an increasing aware-
ness of an important and limiting adverse effect, that of
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weight gain and its metabolic consequences. This is not
particularly new; weight gain has been recognised as a
side effect of antipsychotic drug treatment since the in-
troduction of chlorpromazine in the 1950s. Although long
recognised as problematic, the full impact of drug-in-
duced weight gain on the physical and psychological
health of those receiving antipsychotic drug treatment has
only recently been fully acknowledged. One factor that
perhaps obscured the importance of antipsychotic-in-
duced weight gain was concern over motor side effects,
which drove the development of the newer drugs.
However, it is probably no coincidence that this has oc-
curred when there is an increasing awareness of the
“obesity epidemic” and its consequences for the general
population.

But overweight is substantially more frequent in those
receiving antipsychotic drug treatment than in the rest of
the population. Yet its dangers are as great; it can rapidly
develop into obesity, with concurrent dyslipidemia and
impaired glucose tolerance which may eventually result in
type 1I diabetes. A further consequence of these adverse
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effects can be cardiovascular disease, which is likely to
contribute to the reduced life expectancy and increased in-
cidence of cardiovascular death among people with severe
mental illness.” Furthermore, the perception of weight
gain as a result of taking antipsychotic drugs may contrib-
ute towards treatment non-adherence, with inevitable
consequences in increasing risk of relapse. Thus anti-
psychotic drug-induced metabolic disturbance is one of
the greatest concerns of current psychiatric pharmaco-
therapy.

The antipsychotic drugs demonstrate differences in the
extent of the weight gain that they can induce. Some, like
aripiprazole and ziprasidone show little effect above pla-
cebo levels, while olanzapine and clozapine can fre-
quently induce profound weight gain; several other drugs
including chlorpromazine, risperidone and quetiapine,
show, on average, intermediate levels of weight gain.w

It is very apparent to the practising clinician that there
can be profound differences between individuals in their
susceptibility to drug-induced weight gain and which can-
not be explained by differences in drug treatment or
life-style factors. Such individual differences strongly
suggest the involvement of genetic factors, and this is sup-
ported by evidence from studies of siblings and twin pairs.
Weight gain following antipsychotic treatment studied in
pairs of siblings and monozygotic twins showed greater
concordance in the twin pairs, interpreted as evidence for
drug-induced weight gain having a strong genetic con-
tribution, estimated at 60-80%."

Thus pharmacogenetics, the study of the influence of
genetic variation on the effects of drug treatment, has the
potential to identify much of what may underlie individual
differences in the metabolic consequences of antipsychot-
ic treatment. This research has been progressing steadily
and with some success for over a decade, although we
have yet to reach the stage at which genetic testing can
provide effective indicators of individual risk for drug-in-
duced weight gain. This article will provide a brief review
and critique of the major pharmacogenetic factors asso-
ciated with this metabolic risk and how they may relate to
the physiological mechanisms underlying their clinical
effects. It will not therefore be an exhaustive and compre-
hensive review and listing of genetic association studies of
antipsychotic weight gain, such as that recently pub-
lished,” but will concentrate on the major replicated find-
ings with some physiological relevance and on findings
from the recent developments in methodology that drive
pharmacogenomic research.

Initial research approaches identified common sites of

variation, primarily single nucleotide polymorphisms
(SNPs) or insertion/deletion sequences, in the DNA of one
or a small number of “candidate” genes for study of their
association with the clinical phenotype - in this case
drug-induced weight gain. Choice of candidate genes is
hypothesis-driven, whereby genes are usually selected on
the basis of their coding for a protein that is known to be,
or is potentially, involved in the functional effect of the
drug and/or in the underlying physiological processes.
Thus genetic factors can influence drug action in several
ways, by being involved in pharmacokinetic processes or
a variety of pharmacodynamics mechanisms including,
but not necessarily restricted to, sites of drug action.”
Modern techniques have allowed pharmacogenetics to
develop beyond the study of SNPs in one or a few candi-
date genes to the investigation of large numbers of genes
across the whole of the genome, While these ge-
nome-wide association studies (GWAS) offer great power
in identifying novel genetic associations they are not with-
out limitations; as well as being free of hypotheses based
on presumed mechanisms, they present difficulties in the
handling and statistical analysis of large amounts of data.

THE TARGET PHENOTYPES AND
CANDIDATE GENES

This review will concentrate primarily on genes related
to pharmacodynamic mechanisms, although it is recog-
nised that pharmacokinetic genes may also be strong can-
didates for influencing adverse metabolic effects.” Func-
tional variants in metabolic enzymes, notably the wide-
ly-studied cytochrome P450 enzymes, can influence drug
concentrations, drug availability and the ratio of active
drug to metabolites (both active and inactive). Similarly,
any functional genetic variability in systems influencing
drug distribution, such as the p-glycoprotein pump, which
can act to remove certain antipsychotic drugs from the
brain, will also influence drug availability at sites of
action. All effects on drug disposition will inevitably have
effects on drug action, potentially influencing weight gain
where this side effect is sensitive to drug concentration in
the therapeutic range.é) To some extent pharmacokinetic
variability may be ameliorated by dose titration, although
this may not be true if drug effects are complicated by the
presence of active metabolites. One aspect of studying
pharmacodynamic gene candidates is that the findings can
provide indications as to the underlying pharmacological
and physiological mechanisms in a field that is as yet in-
completely understood.
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The pharmacogenetics of weight gain and, to a lesser
extent, its related metabolic consequences such as hyper-
lipidemia and type 2 diabetes have been investigated in
some detail. The most-studied candidate genes derive
from the underlying receptors considered to mediate drug
effects on food intake® and at which several of the anti-
psychotic drugs may act: notably but not exclusively the
serotonin 5-HT2C and histamine H1 receptors. In addi-
tion, further candidates are provided by the various pro-
teins involved in the control of food intake, energy metab-
olism and fat deposition. These include circulating hor-
mones such as leptin, ghrelin and adiponectin, the hypo-
thalamic neuropeptides and related receptors, the canna-
binoid system and other factors involved in glucose and
lipid disposition and metabolism.”

Where positive pharmacogenetic associations have
been identified in such candidate genes, the precise mech-
anism whereby a SNP might result in effects on, say, food
intake is rarely understood. The functional mechanisms of
genetic polymorphisms are often uninvestigated. Howev-
er it is often assumed, often without direct evidence, that
they influence functional activity, expression or regu-
lation of the gene product, or are in linkage disequilibrium
with other SNPs that do so. The former effect might be
true for certain missense coding region SNPs, while poly-
morphisms in 5' promoter sequences may affect the bind-
ing of transcription factors, thereby disrupting the control
of gene expression and resulting in abnormal expression
and regulation of the gene product. The same may be true
of SNPs affecting microRNA sites in 3' regions, or those
that have no clear functionality, such as synonymous
SNPs in the coding region, but may influence transcript
stability and disposition through effects on mRNA secon-
dary structure. But it is important to reiterate that there is
often no direct evidence for such effects and underlying
mechanisms frequently remain obscure.

PHARMACOGENETIC FINDINGS

The first and most replicated study to demonstrate a
clear, and relatively strong, pharmacogenetic association
of a candidate gene with antipsychotic drug-induced
weight gain investigated a 5-HT2C receptor gene (HTR2C)
promoter polymorphism (-759C/T) in drug-naive Chinese
patients. After 10 weeks’ treatment there was a highly sig-
nificant association of genotype with weight gain in which
those patients carrying the minor T allele (22% of the sam-
ple) were protected from substantial (>7%) gain in
weight following initial treatment with risperidone or

chlorpromazine with a relative risk of 3.45.” This has, de-
spite some failed replications, also been observed in sev-
eral further studies including a European first-episode co-
hort receiving risperidone or olanzapine,w) in chronic pa-
tients receiving olanzapine“) and in patients receiving
clozapine.lz'm Thus the findings generalise to different
drugs, including those with both high (clozapine and olan-
zapine) or relatively low (risperidone) affinity for the
5-HT2C receptor. A recent study and meta-analysis con-
firms the effect of the -759 SNP, and also indicates the
missense polymorphism Ser23Cys associates with anti-
psychotic-induced weight gain.ls) However, this latter ef-
fect will have little influence in some ethnic sub-groups;
the 23Ser allele has a very low frequency in Asian popula-
tions. The -759C/T polymorphism, along with other pro-
moter region polymorphisms of HTR2C with which it is in
linkage disequilibrium, appears to be functional in influ-
encing gene expression.lé’”)

Another candidate gene repeatedly demonstrating a
positive association with antipsychotic drug-induced
weight gain is that for leptin, an anorexigenic hormone se-
creted by adipose tissue. This gene has a promoter region
polymorphism influencing the secretion of leptin and
which is associated with obesity. " In two drug-naive pop-
ulations also investigated for the HTR2C association, anti-
psychotic weight gain was associated with this -2548A/G
polymorphism,'®'” although in each study its influence
on weight gain emerges later than that of the HTR2C SNP,
findings which may differentiate initial and longer term
effects on drug-induced physiological changes resulting
in fat deposition. These findings have been confirmed in
many further reports of antipsychotic-induced weight
gain and obesity; one recent study in a large Taiwanese
sample exemplifies this in showing the leptin -2548A/G
polymorphism associated with measures of obesity and
other metabolic pathology in patients with schizophrenia.zo)
Authors of a recent reportm have pointed out the discrep-
ancies between studies - for example the two papers cited
above report opposite effects of the -2548 A/G genotypes
influencing weight gain - and suggest heterosis (with a
greater effect of the heterozygous genotype than either ho-
mozygote) may underlie the inconsistencies observed, al-
though ethnicity or other factors may play arole. Calcula-
tions from the combined leptin and HTR2C genotype ef-
fect reported by Templeman et al."” indicate that, along
with baseline measures of body mass index, this genetic
variability can account for a substantial proportion of the
variance in weight gain. Interestingly, this study indicated
that both the HTR2C and leptin SNPs influence leptin se-
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cretion as determined by its blood concentrations. As well
as supporting a role for leptin in the mechanism of anti-
psychotic drug-induced weight gain, this finding points to
an unexplored influence of the 5-HT2C receptor on leptin
secretion.

Recent advances in the pharmacogenetics of anti-
psychotic-induced weight gain have been comprehensive-
ly reviewed elsewhere;” here I shall highlight some of the
more interesting findings which may be understood in
terms of possible physiological mechanisms. While the
5-HT2C receptor and leptin genes have accumulated the
most consistent evidence in support of their roles as risk
factors for antipsychotic-induced weight gain, a large
number of further candidate genes have been investigated,
notably those for other receptors that may mediate some of
the metabolic effects of antipsychotic drugs. Unsurprisin-
gly there have been many negative findings, including im-
portantly SNPs in genes for the dopamine D2*” and hista-
mine H1 receptors,” although both of these also have
more recent positive reports.24’25)

Other candidates that have demonstrated replicated
positive associations with weight gain on antipsychotic
drugs include the @ 2A adrenoceptor gene”® and two fac-
tors relating to synaptic transmission: SNAP25”” and the
G-protein beta3 subunit (GNB3) genes.zg’zg) Evidence for
an effect of HTR2A SNPs on antipsychotic-induced
weight gain has been inconsistent, although a study car-
ried out on patients treated with olanzapine showed that a
combination of HTR2A and HTR2C SNPs with SNPs in
GNB3 and the beta3 adrenoceptor gene were associated
with olanzapine-induced weight gain, with significant ad-
ditive effects.’” Brain-derived neurotrophic factor (BDNF)
has a role in the regulation of food intake and there is a re-
ported association of the functional val66met SNP in
males.”” Similarly the role of cannabinoids in food intake
and appetite is likely to underlie the reported associations
of genes for the CB1 receptorm and fatty acid amide hy-
drolase® in antipsychotic weight gain. Very recently,
SNPs in the melanocorting receptor gene, a risk factor for
obesity, have been shown to be associated with anti-
psychotic-induced weight gain in both treatment-naive
and chronic subj ects” and a measure of obesity.zo) Another
risk factor for obesity, the fat mass and obesity associated
(FTO) gene, is reportedly not associated with initial
weight gain in first-episode patients;34) in very recent find-
ings we confirm this observation but also find that it is as-
sociated with body mass in chronically-treated patients,
where the effect of the FTO gene appears substantially en-
hanced after long term treatment with antipsychotic drugs

(Reynolds et al., unpublished observations). The im-
portant and independent Clinical Antipsychotic Trials in
Intervention Effectiveness (CATIE) trial of the relative ef-
fects of several antipsychotic drugs35) is a valuable sample
source for pharmacogenetic studies. A recent study of this
cohort also identified an association of weight gain with a
SNP in FTO, as well as with two other significant genes.36)

Results from GWAS and other multiple SNP ap-
proaches contrast substantially with those from such stud-
ies of single candidate genes. The first genome-wide link-
age study was successful in identifying a possible genetic
indicator underlying antipsychotic drug-induced obesity.37)
These authors identified linkage in the region of the gene
for pro-melanin-concentrating hormone, which is in-
volved in the hypothalamic control of food intake; a sub-
sequent study identified association of obesity in patients
treated with olanzapine with a polymorphism in this can-
didate gene.38)

The CATIE cohort has also been investigated by GWAS
for pharmacogenetic associations with a variety of meta-
bolic outcomes.™ Unfortunately, none of the genes asso-
ciated with the 21 SNPs identified as significant in this re-
port had previously been found to associate with metabol-
ic consequences of antipsychotic drug treatment, even in
studies employing the same sample!36) However two of
these genes, MEIS2 and PRKAR2B, respectively asso-
ciated with risperidone effects on waist and hip circum-
ference and clozapine effects on triglycerides, have re-
portedly been previously implicated in metabolic func-
tion.>”

Genetic factors in genes that influence serum lipids,
such as those for apolipoprotein and lipoprotein lipase,
have been studied in one report, with small associations
with weight gain being identified.*” A DNA microarray
candidate-gene approach has led to the identification of
further genetic factors that might contribute to antipsy-
chotic-induced hyperlipidemia, with polymorphisms in
genes for acetyl-coenzyme A carboxylase @ and neuro-
peptide Y emerging as promising candidates.*” Antipsy-
chotics interact with genes controlled by sterol regulatory
binding element protein transcription factors,” and a
strong association has been identified between anti-
psychotic-induced weight gain and polymorphisms in one
of these transcription factors, also a risk gene for obesity,
insulin-induced gene 2.9 Although this finding is not
fully replicated,44) others have reported association of this
gene with metabolic pathology including elevated fasting
plasma glucose.zo)

An elevation in fasting glucose is indicative of glucose
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intolerance, a precursor of diabetes. There have been rela-
tively few investigations into the genetic factors determin-
ing the individual differences in liability to antipsychotic
drug-induced diabetes. There are at least two different
processes here: that associated with the often acute onset,
reversible diabetes occurring independent of elevations in
body fat mass and underlying the rare occurrences of ke-
toacidosis, and the type 2 diabetes that is a long-term con-
sequence of obesity and the development of metabolic
syndrome. Although these are two different physiological
consequences of drug treatment, it is notable that the drugs
with the greatest effect on weight gain, clozapine and
olanzapine, are also particularly associated with the rap-
id-onset diabetes.*”’ This acute effect has not been inves-
tigated genetically; the longer-term consequences have
been studied primarily in terms of the emergence of meta-
bolic syndrome. One study reported an association with
the leptin promoter SNP, but not with the -759C/T HTR2C
SNP;* however an interaction between the two poly-
morphisms was observed. Another group did find, and re-
plicated, association of metabolic syndrome with another
HTR2C SNP*” and with the @ 2A adrenoceptor gene.48)

CONCLUSIONS

Substantial effort has been spent in attempting to de-
termine the genetic associations with the metabolic con-
sequences of antipsychotic drug treatment, in the search
for predictive factors that might be used to identify in-
dividual risk of these problematic adverse effects. As yet,
only a few risk factors have been reproducibly identified
in candidate gene studies, including SNPs in the leptin and
HTR2C genes, and none of these genes have consistently
emerged from GWAS.

Such variability and apparent inconsistency is common
throughout the pharmacogenetic literature; as yet the larg-
er GWAS have not proven to be more reliable in providing
consistent findings. There are many reasons for this; one
important factor is that many studies do not have the stat-
istical power to identify what are often relatively small ef-
fects and which will inevitably introduce variability be-
tween studies. Sample differences in terms of ethnicity are
an obvious further factor, while differences in treatment
history and, important for the current topic, in diet and oth-
er life style factors may also contribute.

Future work will thus need to resolve these many incon-
sistences and discrepancies between studies that are appa-
rent in the current literature. Despite the rapid advance-
ments in technology, research approaches remain some-

what naive; there will need to be a greater recognition that
analysis of additive gene effects, gene-gene interactions
and perhaps also gene-environment interactions will be
important in understanding properly the various genetic
risk factors contributing to the emergence of drug-induced
metabolic pathology. However, as the opportunity for
genotyping large numbers of SNPs in large samples be-
comes cheaper and more accessible, findings from further
GWAS studies will, we hope, converge to give us con-
sistent results. Identifying such results will open up oppor-
tunities for predictive genetic testing in personalised med-
icine, once the validity and, importantly, utility in the clin-
ic of this pharmacogenetic approach are established.
Moreover, while we recognise that candidate genes are of-
ten chosen on the basis of a known relationship with the
mechanism of drug action, identifying novel genetic asso-
ciations with weight gain and metabolic pathology may
well provide clues as to the underlying pharmacological
and physiological processes.
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