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Abstract

Background: Nonadherence/discontinuation of antipsychotic (AP) medica-

tions represents an important clinical issue in patients across psychiatric

disorders, including schizophrenia spectrum disorders (SSDs). While

antipsychotic-induced weight gain (AIWG) is a reported contributor to nonad-

herence, a systematic review of the association between AIWG and medication

nonadherence/discontinuation has not been explored previously.

Method: A systematic search was conducted in MEDLINE, EMBASE, Psy-

chINFO, CINAHL, and CENTRAL databases, among others, to help identify

all studies which explored adherence, study dropouts, AP switching and/or dis-

continuations attributable to AIWG among individuals with severe mental ill-

ness. A meta-analysis was also completed where applicable.

Results: We identified two categories of studies for the meta-analysis. Cate-

gory 1 included three studies, which compared measures of AP adherence or

discontinuation across BMI classes/degrees of self-reported weight gain. When

compared to normal weight individuals receiving APs or those who did not
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report AIWG, individuals who were either overweight or obese or reported

weight gain in relation to AP use had an increased odds of AP nonadherence

(OR 2.37; 95% CI 1.51–3.73; p = 0.0002). Category 2 had 14 studies which com-

pared measures of discontinuation related to weight gain reported as an

adverse effect across different APs. Olanzapine was associated with a 3.32

times (95% CI 2.32–4.74; p < 0.00001) increased likelihood of nonadherence or

discontinuation when compared to other APs with lower weight gain liabili-

ties. Similarly, APs with moderate weight gain liability (paliperidone, risperi-

done, and quetiapine) increased the odds of nonadherence or discontinuation

by 2.25 (95% CI 1.31–3.87; p = 0.003) when compared to APs considered to

have lower weight gain liability (i.e. haloperidol and aripiprazole). The qualita-

tive summary also confirmed these findings.

Conclusion: This review and meta-analysis suggests that AIWG influences

medication nonadherence/discontinuation, whereby APs with higher weight

gain liability are associated with nonadherence/discontinuation. Additional

studies are needed to confirm these findings.
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1 | INTRODUCTION

Antipsychotic (AP) medications are integral to the
treatment of psychiatric disorders including schizo-
phrenia spectrum disorders (SSDs) and bipolar disor-
der.1 Despite their effectiveness, medication
nonadherence and discontinuations remain prevalent.
For example, studies in individuals with schizophre-
nia (SCZ) have reported nonadherence rates between
20% and 89%, with a rate of 49.5% in studies where
adherence was measured by a trained professional
defined as “taking medications as prescribed at least
75% of the time.”2 Individuals with bipolar disorder
display similar adherence patterns, with approxi-
mately 45% of patients reporting to be partially adher-
ent or nonadherent to mood stabilizers and/or AP
medications.3,4 AP nonadherence has been shown to
increase disease burden through risk of relapse
and/or rehospitalization as well as overall mortality.
Beyond impairing patients' quality of life, these con-
sequences also translate to substantial increases in
healthcare costs.5

Broadly speaking, medication adherence refers to
the degree to which a person complies with the dosing
recommendations provided by a healthcare profes-
sional.6,7 In practice, nonadherence is complex,
reflected by a lack of standardization in assessment
tools and adherence thresholds. Patients' own experi-
ences in taking medications can impact adherence and

Summations

• Our findings indicate that antipsychotic-
induced weight gain (AIWG) may be associ-
ated with increased nonadherence or discon-
tinuations among individuals with SSDs.

• APs with a higher metabolic liability are asso-
ciated with higher risk of nonadherence or dis-
continuation attributable to AIWG.

• These findings support systematic metabolic mon-
itoring and treatment to help improve physical
health and acceptability of treatmentwithAPs.

Limitations

• Definitions and measurements of nonadher-
ence are highly heterogenous in the current lit-
erature, thereby limiting generalizability of
findings.

• In many studies, it was unclear whether dis-
continuations reflected decisions made by the
patient versus a healthcare professional.

• Given the paucity of studies directly exploring
the association between AIWG and nonadher-
ence or discontinuation, we can conclude an
association rather than a direct causal relation-
ship between these variables.
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be influenced by a variety of personal and social fac-
tors including age, gender, socioeconomic status, level
of insight, symptom severity, social support, attitude
towards medication, and relationship with treatment
providers. Importantly, existing measures of adherence
are unable to establish the relative impact of each fac-
tor, making it difficult to develop a singular strategy
addressing nonadherence.8

It is perhaps not surprising that side effects associ-
ated with medications contribute to non-adherence. In
particular, weight gain is a common and distressing side
effect.9–11 Indeed, AP-induced weight gain (AIWG) has
been ranked as the most concerning side effect among
patients calling distress help lines and has been reported
to lead to challenges with treatment engagement.12,13 In
line with this, clinicians consistently cite weight gain as
a major risk factor for non-adherence to medications
across diagnoses.7,14,15 Conversely, a small but growing
body of evidence suggests a relationship between AP
efficacy and AP-related metabolic effects. In particular,
studies indicate that the most efficacious APs also
appear to cause the most severe metabolic effects
including weight gain.16,17 As a result, the concept of a
‘metabolic threshold’ has been proposed, where clinical
improvement is proposed to be at least partially depen-
dent on metabolic adverse effects.18–21 This, in turn, is
difficult to reconcile with the observation that weight
gain and other metabolic adverse effects are distressing
and can lead to treatment nonadherence and
discontinuation.

The objective of this review was to explore the rela-
tionship between AIWG and nonadherence/treatment
discontinuation among individuals with severe mental
illness receiving APs for an approved indication
(i.e., SSDs, bipolar disorder, treatment refractory depres-
sion, among others). Since authors generally report on
treatment discontinuation more reliably than nonadher-
ence, we chose to examine studies that include at least
one of these measures to ensure that our review is as
comprehensive as possible. In addition, we included
studies examining treatment nonadherence or discon-
tinuation across APs with differential weight gain liabil-
ities to explore whether, despite the proposed concept of
a metabolic threshold, metabolic adverse effects remain
an issue which may lead individuals to discontinue their
AP treatment. Therefore, our specific aims of the study
included assessing whether (a) individuals with AIWG
are more likely to discontinue or be nonadherent to
their AP treatment than those with no AIWG, and
(b) individuals taking APs with higher weight gain lia-
bility are more likely to be nonadherent/discontinue
their AP treatment compared to those on APs with
lower weight gain liability.

2 | MATERIALS AND METHODS

This study was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. A PROSPERO protocol
for this review was registered prior to its commencement
and can be found under the following identifier: PROS-
PERO 2022 CRD42022295769. Our search strategies iden-
tified studies which were subsequently grouped into two
categories based on any reported measures of nonadher-
ence or discontinuation:

i. Comparison of body mass index (BMI) categories
(as a proxy for AIWG) or degrees of self-reported
weight gain during AP treatment

ii. Comparison of adherence or discontinuation across
APs with differing weight gain liabilities. Studies that
reported on discontinuations or nonadherence due
to weight gain for either one specific AP or compara-
tor groups which could not be grouped with the
other studies in the meta-analysis were synthesized
qualitatively. Based on our search results, we con-
ducted two comparisons for the meta-analysis:
a. Olanzapine (high weight gain liability AP) versus

APs with lower propensity for weight gain (this
included any other AP besides clozapine)12

b. APs with moderate weight gain liability
(i.e., quetiapine, risperidone, and paliperidone,
grouped together) versus APs with lower propen-
sities for weight gain (such as aripiprazole, ami-
sulpride, asenapine, haloperidol, ziprasidone, or
lurasidone, among others)12

We also used a similar approach (1 and 2 above) to
explore the effect of other metabolic adverse effects
(i.e., dysglycemia, dyslipidemia) on treatment nonadher-
ence or discontinuations if sufficient data were reported
across the included studies.

2.1 | Search strategy

We searched Ovid MEDLINE, Ovid EMBASE, Ovid
PsychINFO, Ebsco's CINAHL, Wiley's CENTRAL,
Web of Science, and Scopus from inception until July
2023. This was supplemented with searches in
ClinicalsTrials.gov and the International Clinical Trials
Registry Platform (ICTRP) Search Portal, a manual
search of the first 10 pages of Google Scholar, and
hand-searching of reference lists from relevant system-
atic reviews and meta-analyses. No restrictions were
placed on publication dates. The full search strategy
can be found in Table S1.
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To be as inclusive as possible, any studies with refer-
ences made to AP “discontinuation,” “nonadherence,”
“noncompliance,” “withdrawal,” “dropouts,” or “switch”
were captured.

2.2 | Study eligibility

Studies were included if they had the following character-
istics: (1) patients 16 years of age or older who were taking
any AP(s) for an approved (i.e., on-label) diagnosis classi-
fied by International Classification of Diseases (ICD),
Diagnostic Statistical Manual (DSM), and/or the World
Health Organization (WHO) and using the indication
guide provided by Christian et al.,22 (2) reference to a mea-
sure of AP nonadherence and/or discontinuation, includ-
ing decision to switch AP medications (reported as a
dichotomous or continuous variable) in relation to weight
gain, its proxy (i.e., across weight/BMI classes), or self-
reported degree of weight gain, (3) written in English.

Additionally, for studies to be included in the meta-
analysis, they had to have extractable data presented in
one of the following ways: (1) BMI groups or degrees of
self-reported weight gain, (2) at least two AP groups that
had nonadherence or discontinuation due to weight gain
reported. If weight gain was grouped together with other
metabolic effects, the studies were instead included in
the qualitative synthesis.

Exclusion criteria included: (1) conference abstracts,
commentaries, or letters; (2) lifestyle or pharmacological
intervention studies aimed at reducing weight, which
were excluded due to potential confounds that could
affect our study objectives; (3) for aim 2, AP studies
involving comparison with a placebo group as these
would not address our research objective; (4) adherence
or discontinuation measures not reported as an outcome
(e.g., if they are explored as an independent variable
instead). There were no other limitations on the type of
studies included.

2.3 | Data collection

All articles identified in the search were screened at the
title/abstract level by six authors (RD, ECCS, EA, KM, MP,
and RS) and at the full-text level by nine authors (RD, ES,
JN, EA, KM, MP, RS, KJP, and BH) utilizing the Covidence
software. Any conflicts were resolved through discussion.

Data extraction was conducted independently by
three authors (RD, ES, JN) using a standardized template
consisting of the following headings: (1) country of study,
(2) study setting, (3) sample size, (4) diagnosis, (5) per-
centage of males in the population, (6) mean age, (7) AP

use timeframe, (8) type of study (randomized control trial
or RCT, cross sectional, or cohort), (9) the definition of
how nonadherence or discontinuation was explored in
respective studies, (10) AP nonadherence or discontinua-
tion/switch numbers across groups for the meta-analysis
and any AP related data for the qualitative synthesis,
(11) other metabolic variables considered in relation to
treatment discontinuation (e.g., dyslipidemia, glucose,
and HbA1c levels). Study authors were contacted if any
further information was needed.

2.4 | Data synthesis

Studies were synthesized both qualitatively and quantita-
tively. All studies included in the meta-analysis were ana-
lyzed using Review Manager (RevMan) 5.4. Data were
included in the meta-analysis if there were reported
dichotomous outcomes, such as the odds ratio (OR) itself
or the number of outcomes/events provided by AP group-
ings (therefore allowing RevMan to calculate the respec-
tive ORs). To determine the total number of events for
each of the two groups used in comparisons for the
meta-analysis, the sample sizes reported in the respective
studies were used for each grouping. In the comparator
groups, all relevant APs with lower weight gain propensi-
ties were grouped together to report these results accord-
ing to the hierarchy proposed by Dayabandara et al.12

A random-effects model was used to calculate the
overall effect size of the difference between comparator
groups. Study heterogeneity was assessed using the I2 sta-
tistic, with an I2 ≥ 50% indicating considerable heteroge-
neity. ORs with 95% confidence intervals were reported
for the outcome measures in the meta-analysis.

2.5 | Critical appraisal

The quality of all included studies in the meta-analysis
was assessed independently by three authors (RD, ES, JN).
The relevant JBI tools (formerly known as the Joanna
Briggs Institute tools) were utilized for cohort and cross-
sectional studies and the Cochrane Risk of Bias (RoB) tool
was utilized for RCTs. The list of questions used to con-
duct the risk of bias assessments can be found in Table S2.

3 | RESULTS

3.1 | Study selection

A PRISMA diagram shown in Figure 1 illustrates study
selection. A total of 33,809 articles were identified from
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the search, out of which 14,600 duplicates were identified
and removed. After title and abstract screening, a total of
1,531 articles were included in the full text review stage,
following which 39 articles were deemed eligible for
inclusion in this review (17 in the meta-analysis and
39 in the qualitative portion of the systematic review).

3.2 | Systematic review

3.2.1 | Overview of qualitative synthesis

Thirty-nine studies were included in the qualitative syn-
thesis, inclusive of all studies in the meta-analysis. These
studies were published between 1989 and 2023, with the
represented diagnoses being SSDs (e.g., SCZ, schizoaffec-
tive disorder, schizophreniform disorder), first episode
psychosis, or bipolar disorder.

Studies were conducted in the USA (N = 12), UK
(N = 2), Spain (N = 2), Japan (N = 2), China (N = 2),
India (N = 2), Germany (N = 2), multiple countries
(N = 8) and one each from Austria, Korea, Italy, Australia,
Canada, Turkey, and Uganda.23–61 The mean age ranged
from 21.54 to 48.5 years and the percentage of males ran-
ged from 36.1 to 82%. The types of studies included RCT,
observational, and cross-sectional studies. The AP use
duration captured ranged from 4 weeks to 9 years, with
included studies consisting of a mix of inpatients and out-
patients. Out of these 39 studies, 17 studies were included
in the meta-analysis and are discussed in more detail under
Section 3.3. Eight studies which couldn't be analyzed in the
meta-analysis had a clear comparator group and are dis-
cussed in Subsection Subgroup comparison with compara-
tor groups. Fourteen studies without an active comparator
reported on the percentage of patients who discontinued
due to weight gain on specific AP agents. Among these

FIGURE 1 PRISMA diagram.
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studies, four did not report any discontinuations due to
AIWG.25,27,31,33 Eight other studies reported on discontinu-
ation due to AIWG that fell within the range of 0.01%–10%,
including risperidone (1.1% and 3.1%), lurasidone (8.2%),
paliperidone palmitate (5.1%), olanzapine (2.4% and 5.8%),
and clozapine (0.40% and 1.65%).30,39,40,44,45,50,55,58 One
study reported a rate of weight gain-related discontinuation
of 22.2% among olanzapine-treated patients, while another
study reported that 15.6% of patients switched APs due to
weight gain.28,35 Table S3 highlights discontinuation rates
due to weight gain alongside any reported all-cause discon-
tinuations in the respective studies. All studies were judged
to be at low to moderate risk of bias. A detailed study sum-
mary table can be found in Tables 1 and 2 (meta-analysis)
and Table S1 (qualitative studies), and the risk of bias
assessments can be found in Table S2.

Subgroup comparison with comparator groups
A total of eight studies included in this review reported
on nonadherence or discontinuation related to weight
gain across comparator groups but did not have any
extractable data.24,34,36,40,43,46,52,53 The studies were pub-
lished between 2005 and 2023, and predominantly
included individuals with SSDs (Table S3).

Four of the eight studies reported data that could be
used to calculate percentage of weight gain related discon-
tinuations between comparator groups. Akkaya et al.24

reported that 1.33% of individuals in the “atypical” AP
group discontinued versus none in the “typical” AP group.
Essock et al.34 reported that 3.2% of individuals in the
polypharmacy group had discontinuations due to weight
gain, while the monotherapy group had no discontinua-
tions due to weight gain. Lieberman et al.46 reported on
discontinuation due to weight gain and/or metabolic side
effects from the CATIE study. This study was a double-
blind RCT where patients were randomly assigned to olan-
zapine, quetiapine, perphenazine, risperidone, or ziprasi-
done for up to 18 months. The study found that 9% of
individuals on olanzapine discontinued due to weight
gain/metabolic effects compared to 1%–4% in the other AP
groups.46 Kim et al.40 conducted a switch study that
reported on weight gain in patients that switched to pali-
peridone from risperidone vs. from other APs (non-
risperidone group). They found that 1.1% switched from
risperidone due to weight gain versus 2.2% who switched
APs due to weight gain in the non-risperidone group.40

Among the remaining four studies reporting on dis-
continuation or nonadherence due to AIWG across agents,
Gray et al.36 found that weight gain was positively and sig-
nificantly correlated with adherence (Pearson's correlation
coefficient = 0.49, p < 0.001) in prisoners using APs
(N = 44). Additionally, Mustafa et al.52 reported higher
weight gain in first episode psychosis patients that

discontinued their AP medications compared to those who
did not (t(245) = 4.19, p < 0.001). Perkins et al.53 used
health records to explore the association between weight
gain and nonadherence in individuals with SCZ or bipolar
disorder compared to psychiatric controls. They reported
that weight gain of 7% or greater increased the odds of a
medication switch in the first 180 days (OR = 1.60, 95%
CI: 1.17, 2.18).53 Finally, a study by Kule et al.43 looked at
adherence to typical APs among individuals with SCZ
from Uganda. They found that, although not significant,
increased weight was linked to an OR of 6.66 (95% CI:
0.73–60.51, p = 0.092) for self-reported nonadherence.43

3.3 | Meta-analysis

3.3.1 | First category of studies—measures of
AP nonadherence/discontinuation across BMI
proxy categories

Three studies (n = 1054) were found to address this ques-
tion.32,57,60 Two studies compared AP nonadherence
between overweight/obese and normal weight individuals
with the weight groups acting as a proxy for AIWG. One
study reported nonadherence defined as patient self-reports
of not taking their AP medications, as directed across sub-
jective categories of either no AIWG or bothersome AIWG.
In the study by Doane et al., authors reported on the num-
ber of patients that stopped taking their APs with or with-
out the agreement of their healthcare team (although the
authors defined the latter group as being nonadherent, data
from both groups are included in our review as they still
represent discontinuation).32 Similarly, Sliwa et al.57

reported on reasons for AP discontinuation whereas Wei-
den et al.60 defined nonadherence as a patient missing med-
ication at least some of the time (as indicated by a score of
at least 1 on a 5-point scale ranging from 0 being “never” to
4 being “almost always”). These studies were combined for
the meta-analysis. A summary of these studies can be found
in Table 1. Overweight or obese individuals were 2.37 times
more likely to be classified as nonadherent in relation to AP
use when compared to the normal weight group
(OR = 2.37; 95% CI: 1.51, 3.73; p = 0.0002) (Figure 2).

3.3.2 | Second category of studies—APs with
greater weight gain liability versus APs
with lower weight gain liability

Olanzapine comparison
Eleven studies (n = 3528) compared nonadherence or
discontinuation due to weight gain between individuals
treated with olanzapine, a high weight gain liability AP,
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versus other APs that have lower weight gain liabilities
(i.e., aripiprazole, risperidone, haloperidol, and asena-
pine, among others).23,26,29,37,38,41,48,51,54,59,61 Individuals
on olanzapine were 3.32 times more likely to be nonad-
herent/discontinue their AP medications when compared
to individuals on APs with lower propensities for weight

gain (OR = 3.32; 95% CI: 2.32, 4.74; p < 0.00001;
Figure 3).

Paliperidone, risperidone, and quetiapine comparison
Six studies (n = 1482) compared nonadherence or dis-
continuation due to weight gain between individuals

FIGURE 2 Nonadherence/discontinuation in individuals who are overweight or obese compared to those who are normal weight.

FIGURE 3 Nonadherence/discontinuation in individuals on APs with high weight gain liability versus APs with lower weight gain

liability (Olanzapine grouping vs. others).

FIGURE 4 Nonadherence/discontinuation in individuals on APs with moderate weight gain liability versus APs with lower weight gain

liability (Paliperidone, risperidone and quetiapine grouping vs. others).
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either on paliperidone, risperidone, or quetiapine with
those on APs associated with lower risk of weight gain
such as aripiprazole and haloperidol.26,29,42,49,56,61 The
subgroup analysis revealed that individuals who reported
nonadherence or discontinuations due to weight gain
were 2.25 times more likely to have been treated with
paliperidone, risperidone or quetiapine compared to
other APs (OR = 2.25; 95% CI: 1.31, 3.87; p = 0.003;
Figure 4).

3.3.3 | Other metabolic parameters

Among all studies included in the meta-analysis, only
two studies37,51 reported on nonadherence or discontinu-
ation related to metabolic parameters other than weight.
These parameters included glucose, including non-fasting
blood glucose and changes in glucose metabolism as
reported in the respective studies, total cholesterol, tri-
glycerides, low-density lipoprotein (LDL), and high-
density lipoprotein (HDL). Montes et al.51 reported that
13.5% of those who switched to ziprasidone from previ-
ous APs did so because of occurrence of dyslipidemia or
worsening of prior dyslipidemia, while 9% switched due
to glucose intolerance. In the study by Hofer et al., two
patients on risperidone dropped out due to alterations in
glucose metabolism, although the authors did not specify
the nature of these changes.37

4 | DISCUSSION

Nonadherence to AP medications due to weight gain has
been a longstanding clinical challenge; however, a com-
prehensive analysis of the data is lacking. To address this
gap in the literature, we conducted a systematic review
and meta-analysis which examined nonadherence or dis-
continuation of AP treatment in relation to AIWG
through two specific research objectives. First, we com-
pared nonadherence or discontinuations across proxies of
weight gain measured via BMI categories or degree
of self-reported weight gain. Second, we compared
AIWG-related discontinuation or measures of nonadher-
ence across APs with differing weight gain liabilities.

This systematic review and meta-analysis supports the
position that AIWG is an important factor in AP nonad-
herence/discontinuation among individuals with severe
mental illness, specifically SSDs. Our review demonstrates
that individuals receiving APs with higher metabolic liabil-
ity have an increased risk of discontinuation due to weight
gain when compared to APs with lower metabolic liability.

As per our first objective, our findings indicate that
individuals with elevated BMI or who self-reported

weight gain and associated distress have greater odds of
being nonadherent or discontinuing AP treatment com-
pared to those who are normal weight or those who fail
to report bothersome weight gain. Our findings are in
keeping with the limited body of literature examining
discontinuation due to weight gain related to other psy-
chotropic agents such as lithium in bipolar disorder62

and antidepressants in major depressive disorder.63

Together, this evidence supports that weight gain can be
a contributing factor in AP nonadherence or discontinua-
tion. This suggests that weight gain is important to moni-
tor clinically as AIWG, or concerns regarding AIWG, can
be a deterrent in AP adherence, which in turn can nega-
tively impact clinical outcomes. In line with this, Doane
et. al32 noted that 38% of survey respondents reported
that novel APs in the development pipeline should, as a
priority, have a lower risk of weight gain. Our qualitative
synthesis offers further support regarding this concern,
confirming that APs can be a contributor to weight gain
resulting in subsequent nonadherence to medications,
particularly early-on in treatment.35,58 It must be empha-
sized though that the cross-sectional nature of studies
included in this review demonstrate an association rather
than a direct causal relationship between AIWG and
nonadherence/discontinuation. Future prospective stud-
ies directly investigating this association are required, as
is research extending findings beyond SSDs to other dis-
orders where APs remain an important component of
symptom management.

Our secondary research objective confirmed that indi-
viduals prescribed APs with greater weight gain risk are
more likely to be nonadherent or discontinue AP treat-
ment versus those taking AP agents associated with lower
metabolic liability. Further to this point, individuals trea-
ted with olanzapine, paliperidone, risperidone, and que-
tiapine demonstrated significantly increased odds of
stopping their medication due to weight gain when com-
pared to those using APs with lower weight gain propen-
sity. For example, we observed a more than threefold
increase in the odds of AIWG-related discontinuation on
olanzapine compared to APs with lower AIWG
(Figure 3). Given the finding that olanzapine was associ-
ated with a higher risk of weight-gain related discontinu-
ations, we conducted an exploratory meta-regression
analyzing the effect of olanzapine dose on the
discontinuation-related odds ratios (N = 9). While
the results did not reveal a significant association
(coefficient = �0.148, p = 0.935 not shown), this finding
should be interpreted with caution as a minimum of
10 studies is normally needed for reliability of reported
results. Similar to olanzapine, Figure 4 shows that the
use of paliperidone, risperidone, and quetiapine is associ-
ated with more than a twofold increase in the odds of
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AIWG-related discontinuations compared to aripiprazole
and haloperidol. These findings are generally supported
by our qualitative synthesis in which so-called “metaboli-
cally neutral” APs were associated with less frequent dis-
continuations due to weight gain compared to APs with
higher metabolic liabilities. However, despite a 2–3-fold
increased odds of discontinuation due to AIWG for the
higher metabolic liability agents, it is noteworthy that
the absolute values of these events were low.26,46 (see
Table 2 for details).

Indeed, research shows that clinical efficacy is a
major contributor to AP adherence,7 and the studies
included in this review suggest that symptom control
may be as important as avoiding weight gain for some
patients. For example, two thirds (67%) of patients in the
study by Doane et al. noted that they would prefer to be
on an AP medication that would provide a small to large
improvement in psychiatric symptoms despite a slight
worsening in side effects.32 Similarly, Hofer et al. found
that patients with less improvement or worsening of their
psychiatric symptoms were more likely to stop taking
their medications than those with a good clinical
response.37 This could explain why many patients prefer
to stay on high-efficacy APs like olanzapine despite
weight gain. In another study, Ader et al. found that
although olanzapine-treated patients were more likely to
discontinue treatment due to weight gain than
risperidone-treated patients, they were also less likely to
discontinue due to poor clinical response and/or worsen-
ing psychopathology.23 This finding is consistent with
evidence that olanzapine remains one of the most effica-
cious APs despite being associated with the highest meta-
bolic liability alongside clozapine.12 Similarly, in the
CATIE study, despite higher discontinuation due to
weight gain with olanzapine versus other APs, olanza-
pine, overall had a lower rate of discontinuation.46

It is also interesting to note that our review included
four studies that reported on weight gain-related discontin-
uations due to clozapine ranging from none to very
few.24,39,45,54 While the small number of studies prevents
us from conducting an accurate assessment of clozapine's
effects, the low discontinuation rates observed in these
studies are in line with previous literature. Although cloza-
pine remains the AP with most evidence supporting effi-
cacy and effectiveness in treatment-resistant schizophrenia,
clozapine's status as an AP with high metabolic liability
cannot be refuted. Thus, this could lend support to the con-
cept of “metabolic threshold” related to weight gain; how-
ever, this question will need further exploration in future
studies, particularly among individuals treated with cloza-
pine. Taken together, these observations highlight impor-
tant and complex risk–benefit considerations whereby AP
efficacy must be weighed against AP side effects.

The current systematic review, while providing
important clinical insights into AIWG in relation to treat-
ment adherence or discontinuation, has limitations. One
of the major challenges relates to a lack of a standardized
definition for “nonadherence.” Further to this point, a
two-part literature review of over 450 studies identified
10 unique categories of methods to assess medication
adherence, each with its own strengths and weak-
nesses.8,64 For example, subjective or indirect methods
such as self-report or reports from care givers or
treatment providers can lead to adherence being overesti-
mated. Objective or direct methods (e.g., blood and urine
samples, pill count, re-fill records, electronic monitoring),
while generally considered more accurate, can be affected
by patient behavior (e.g., medication stockpiling or dis-
posal). Even the use of a medication event monitoring
system (MEMS), which is considered the current “gold
standard,” may be affected by erroneous opening of pill
containers.8,65 Furthermore, thresholds for determining
adherence range widely.7 These challenges in defining
adherence likely contributed to the observed heterogene-
ity of adherence measures (as seen for objective 1) and/or
a failure to report on adherence altogether (as seen for
objective 2). The latter largely restricted our review of dis-
continuation data reported during AP treatment trials,
thereby limiting the real-world generalizability of the
findings.

In objective 1, interpreting our findings in a clinical
context was limited by the use of proxy measures for
weight gain which were assumed to be related to AP use.
As such, the reported associations of AIWG with
nonadherence may have been influenced by various
other factors linked to weight gain and obesity, including
illness-related lifestyle factors (e.g., diet, reduced physical
activity), and concomitant medications. Regarding objec-
tive 2, a related challenge included the fact that the
majority of studies failed to distinguish between discon-
tinuation based on patient decision alone versus discus-
sion and agreement with a healthcare practitioner.
Patients may be taken off medications by a healthcare
professional for various reasons, whereas patients discon-
tinuing a drug by themselves can pose added challenges
and consequences. Thus, the reason behind why patients
stop taking their medications is crucial in this line of
research and needs to be elucidated in future work.

While our search identified many other studies that
included data related to AIWG or nonadherence, the
majority of reports failed to examine associations
between these two variables, precluding their inclusion
in the present review. This subsequently contributed to
the paucity of data which could be extracted, particularly
pertaining to objective 1. Another challenge limiting data
inclusion was reporting of discontinuation data due to
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metabolic side effects as a general category. These studies
were included in the qualitative synthesis but were
unable to distinguish the relative importance of weight
gain. Furthermore, only two studies included in this
review reported the impact of changes in specific meta-
bolic parameters other than weight on treatment discon-
tinuation. As such, no concrete conclusions regarding the
impact of metabolic changes other than weight gain on
adherence or discontinuation could be made.

To conclude, notwithstanding the limitations noted,
the present findings suggest that AIWG is associated with
AP nonadherence or treatment discontinuation. While a
primary clinical focus may be managing AIWG from
a physical health perspective, the potential negative
impact in terms of AP medication nonadherence must also
be considered. Accordingly, adequately addressing the
metabolic side effects is critical on several levels. Notably,
we have entered an era where our arsenal of drugs to treat
obesity and related metabolic disorders is growing at a
rapid pace.66,67 Several existing agents (i.e., metformin)
and more novel classes of medications (i.e., glucagon like
peptide 1-receptor agonists, GLP1-RAs) appear to show a
beneficial effect on AIWG alongside a favorable tolerabil-
ity and safety profile.68,69 Such interventions, alongside
reduction of metabolic risk factors in a population vulner-
able to cardiovascular disease, may also have meaningful
adjunctive benefits in terms of treatment adherence. In
keeping with this observation, a recent retrospective chart
review demonstrated that co-commencement of metfor-
min with clozapine is associated with increased treatment
continuation at 1 year as well as concomitant beneficial
effects on weight.69 Going forward, it will be both impor-
tant and interesting to examine long-term effects of meta-
bolic interventions on AP adherence and patients'
attitudes towards their medications.

Moreover, other intrinsic or extrinsic factors which
might contribute to medication nonadherence besides
weight gain (such as AP efficacy) should also be explored to
investigate their cumulative effects on treatment nonadher-
ence or discontinuations. To this last point, while our work
can neither refute nor support the concept of a “metabolic
threshold,” it is clear that APs such as olanzapine, despite
associations with greater effectiveness, are more likely to be
associated with treatment discontinuation due to weight
gain as compared to lower liability APs. It is therefore
imperative that future studies place a greater emphasis on
the collection and reporting of metabolic side effects, with
special attention paid to weight-specific outcomes.
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