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Abstract

Objective—To conduct a systematic review and meta-analysis to estimate effects of lifestyle
intervention participation on weight reduction among overweight and obese adults with serious
mental illness.

Method—We systematically searched electronic databases for randomized controlled trials
comparing lifestyle interventions with other interventions or usual care controls in overweight and
obese adults with serious mental illness, including schizophrenia spectrum or mood disorders.
Included studies reported change in weight [kg] or body mass index (BMI) [kg/m?] from baseline
to follow-up. Standardized mean differences (SMD) were calculated for change in weight from
baseline between intervention and control groups.

Results—Seventeen studies met inclusion criteria (1968 participants; 50% male; 66%
schizophrenia spectrum disorders). Studies were grouped by intervention duration (< 6-months or
> 12-months). Lifestyle interventions of < 6-months duration showed greater weight reduction
compared with controls as indicated by effect size for weight change from baseline (SMD =
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-0.20; 95% CI = - 0.34, - 0.05; 10 studies), but high statistical heterogeneity (12 = 90%).
Lifestyle interventions of = 12-months duration also showed greater weight reduction compared
with controls (SMD = - 0.24; 95% CI = - 0.36, — 0.12; 6 studies) with low statistical
heterogeneity (12 = 0%).

Conclusion—L.ifestyle interventions appear effective for treating overweight and obesity among
people with serious mental illness. Interventions of = 12-months duration compared to < 6-months
duration appear to achieve more consistent outcomes, though effect sizes are similar for both
shorter and longer duration interventions.
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1. Introduction

Obesity among people with serious mental illness is a major public health concern. Rates of
obesity in this at-risk group consisting of people with schizophrenia, schizoaffective
disorder, major depressive disorder, and bipolar disorder, are nearly double observed rates in
the general population [1-3]. Obesity combined with high chronic disease burden, increased
cardiovascular risk, and poor health behaviors, contributes to dramatically reduced life
expectancy among people with serious mental illness [4-6]. Numerous challenges interfere
with achieving weight loss among overweight and obese individuals with serious mental
illness including metabolic effects of psychoactive medications, impact of symptoms on
motivation, poor dietary habits, and high levels of sedentary behavior [2,7,8]. Chronic
poverty also places individuals with serious mental illness at increased risk of homelessness,
and has devastating consequences on quality of life, self-esteem and ability to pursue leisure
activities such as engaging in exercise [9].

Weight reduction among overweight and obese individuals is an important target for
improving cardiovascular health. Research shows that even modest weight loss of 5-10%
can reduce cholesterol levels, improve glycemic control, and lower blood pressure [10-12].
Extensive research supports lifestyle interventions focused on nutrition education and
increasing physical activity participation for achieving weight loss in general patient
populations [13-15]. However, among people with serious mental illness, evidence to
support lifestyle interventions remains mixed [16]. This can partly be attributed to
methodological limitations with many of the intervention studies conducted to date. For
example, over the past decade there has been growing interest in supporting weight loss and
cardiovascular risk reduction among people with serious mental illness through lifestyle
interventions, however many studies have lacked adequate comparison conditions, have
recruited small sample sizes, and have collected outcomes after short follow-up periods [16].

Despite these concerns, prior systematic reviews have highlighted the acceptability of
lifestyle interventions for promoting physical activity and healthy eating among people with
serious mental illness [17,18], and meta-analyses have demonstrated potential effectiveness
of lifestyle interventions of short duration (< 6 months) for achieving weight loss in this
high-risk group [19-21]. However, there are significant limitations related to these prior
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systematic reviews and meta-analyses. First, many reviews have included studies that
enrolled participants who were not overweight or obese defined as having a body mass index
(BMI) = 25 kg/m?; therefore, it is difficult to determine true effectiveness of lifestyle
interventions specifically for achieving weight loss among overweight and obese individuals
with serious mental illness. Second, existing meta-analyses have not been restricted to
randomized studies, thereby making it difficult to reliably draw conclusions regarding the
effect of lifestyle interventions compared to control conditions. Third, there has been a
recent emergence of several large-scale rigorous trials of longer duration (= 12 months)
lifestyle interventions for weight loss since many of the existing systematic reviews and
meta-analyses were published. Therefore, an updated analysis of the effect of lifestyle
interventions for weight loss among people with serious mental illness is warranted.

We conducted an updated systematic review and meta-analysis of published randomized
trials of lifestyle interventions targeting weight loss among people with serious mental
illness. Specifically, our aim was to estimate the effect of lifestyle intervention participation
on reduction in body weight among overweight and obese adults with serious mental illness.
We assessed the effects of lifestyle interventions promoting physical activity and healthy
eating of short (< 6 months) and long (= 12 months) duration on change in participants’
body weight. The effect of lifestyle interventions was also assessed with respect to obtaining
clinically significant weight reduction for participants as indicated by a weight loss of 5% or
greater among studies of lifestyle interventions of = 12-months duration.

2. Materials and methods

2.1. Data sources and search strategy

We adhered to the PRISMA reporting guidelines [22]. The search strategy protocol was
published to the PROSPERO International prospective register of systematic reviews
(Registration number: CRD42015019026). The following databases were searched in May
2016 for randomized controlled trials evaluating lifestyle interventions for weight loss in
overweight and obese adults with serious mental illness: Medline, Embase, Scopus,
Cochrane Central, CINAHL, and PsycINFO. Reference lists of included studies, prior
systematic reviews, and Google Scholar were also searched to identify additional relevant
studies. The search strategy included a combination of key words and medical subject

heading (MeSH) terms related to “serious mental illness”, “weight loss”, and “lifestyle
intervention”. Table 1 lists the complete search strategy used in Medline.

2.2. Inclusion criteria

In accordance with the PRISMA statement, we used the participants, interventions,
comparisons, outcomes, and study design (PICQOS) criteria [22] to assess study eligibility:

Participants—Adults (aged > 18 years, no upper limit) classified as overweight or obese
(body mass index [BMI] = 25 kg/m? or BMI > 23 kg/m? for Asian populations) with serious
mental illness defined as having either a schizophrenia spectrum (schizophrenia or
schizoaffective disorder) or mood disorder (major depressive disorder or bipolar disorder).
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Interventions—Any lifestyle intervention for weight loss. These included behavioral
interventions and interventions targeting self-monitoring, dietary changes, nutrition
education, fitness, exercise or physical activity. Interventions involving pharmacological
agents, nutritional supplements, or surgical procedures were excluded.

Comparators—All types of comparison conditions were considered eligible. This
included other lifestyle interventions, minimal interventions, or usual care.

Outcomes—The primary outcome of interest was change in body weight at follow-up.
This could be measured as change in weight (kg) or change in BMI (kg/m?) at follow-up.
Eligible studies had to report a quantitative measure of change in body weight. We also
included studies that reported the proportion of participants who achieved = 5% weight loss
at follow-up. This outcome was also collected because modest = 5% weight loss is
associated with reduction in cardiovascular risk among overweight and obese individuals
[10,15,23].

Study design—Randomized controlled trials reporting weight outcomes at follow-up. No
restrictions based on date of publication or language.

2.3. Study selection

One researcher (JAN) screened titles for relevant studies. Two researchers (JAN & KLW)
independently screened abstracts of relevant studies for eligibility. The same two researchers
compared lists of potentially eligible studies and decided on a final list of studies to undergo
full-text review. The researchers resolved discrepancies regarding study inclusion/exclusion
through discussion.

2.4. Data extraction

One researcher (JAN) extracted the following data from the full text articles using a data
extraction form adapted from Avenell et al. [24]: study setting; participant characteristics
(age, sex, and diagnosis); lifestyle intervention characteristics; comparison group
characteristics; length of follow-up; and change in weight or BMI outcomes. A second
researcher (KLW) reviewed the data tables to confirm accuracy of data extraction. Study
inclusion and selection are illustrated in the PRISMA flow diagram (Fig. 1). Results from a
single study are often published as multiple manuscripts, such as reporting of secondary
outcomes. Therefore, we were careful to avoid over counting studies, though secondary
analyses from studies that met our inclusion criteria were also reviewed to supplement data
extraction. All authors reviewed the final list of included studies.

2.5. Methodological quality assessment

We used an adapted version of the Methodological Quality Rating Scale (MQRS) to assess
methodological quality of included studies [25]. An item related to assessment of the control
condition was included from another methodological quality assessment measure [26]. The
adapted MQRS involves ratings for the following 12 methodological quality dimensions: 1)
study design; 2) replicability of study procedures; 3) reporting of baseline characteristics; 4)
use of manualized interventions; 5) adequate description of the comparison condition; 6)
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length of follow-up; 7) rate of follow-up; 8) objective outcome measurement; 9) study
dropouts enumerated; 10) assessments completed by a person who is blind to participants’
treatment condition; 11) statistical analyses account for all participants as randomized; and
12) parallel replication at two or more sites. Total scores range from 0 (low) to 16 (high),
where higher scores indicate greater quality. A score of 14 or higher is considered high
quality. This assessment tool has been used in previous systematic reviews of interventions
for people with serious mental illness [27-29]. One researcher (JAN) used the MQRS to
assess quality of included studies. A second researcher (KLW) double-checked the quality
rating scores for included studies. Both researchers then reviewed quality ratings and
resolved any disagreements through discussion and consensus.

2.6. Publication bias

We used a funnel plot to test whether included studies were affected by publication bias and
potential bias in outcome reporting. A funnel plot is a simple scatter plot of the intervention
effect estimates from individual studies plotted on the horizontal axis, against the standard
error of the estimated effect on the vertical axis [30]. We examined the funnel plot for
asymmetry. In the absence of publication bias, the funnel plot should resemble a
symmetrical funnel [30]. However, in the presence of bias, an asymmetrical appearance to
the funnel will emerge because small studies without statistically significant effects were
potentially unpublished. Greater asymmetry suggests greater bias. Publication bias is a
concern in meta-analyses because it may lead to overestimation of the treatment effect of the
intervention [30]. A sufficient number of studies (> 10) were identified to allow use of
formal statistical tests for detecting funnel plot asymmetry [30]. The Egger test was used to
perform a linear regression of the intervention effect estimates on their standard errors,
where a significant test (p < 0.05) suggests funnel plot asymmetry [31]. The Begg-
Mazumbar rank correlation test was also employed to assess the interdependence between
effect estimates and their variances to identify funnel plot asymmetry [32]. Data on study
effect estimates and standard errors were exported from RevMan 5.2 to Stata version 14.0 to
conduct all statistical tests.

2.7. Meta analysis

We pooled randomized studies to compare standard mean differences in treatment effects
between intervention and control conditions. Across all included studies, mean change in
weight or BMI from baseline to follow-up was extracted. All weight values were converted
to kilograms (kg) and BM1 was assessed as weight (kg)/height (m)2. If studies reported
different values for change in weight, such as completer only versus baseline observation
carried forward, the more conservative estimate was used when possible.

The standard deviations for the mean change in the primary outcome (i.e., change in weight
or change in BMI) were necessary to calculate the effect size for each study and to calculate
the pooled effect estimate across studies. Most studies reported mean change in weight or
mean change in BMI from baseline to follow-up with associated standard deviations.
Otherwise, reported confidence intervals, standard errors, t values, p values or F values for
the change in weight or BMI from baseline to follow-up were used to derive the standard
deviation of the change. In one case there was insufficient information to calculate standard
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deviations for change in weight or BMI, and therefore standard deviations were imputed by
employing a technique described in the Cochirane Handbook for Systematic Reviews of
Interventions (Section 16.1.3.2) [30] and by Follmann et al. [33]. In this approach we
calculated a correlation coefficient using data from one study with sufficient detail reported
[34]. The correlation coefficient describes how similar the baseline and final measurements
are across participants.

Separate correlation coefficients were calculated for both the experimental and comparison
groups using the following formula:

Corr= (SD%aseline_‘_SD?inal - SD?‘hange) / (2 * SD%aseline * SDénal)

Because similar correlation coefficients were obtained for the experimental (Corr= 0.93)

and the comparison (Corr= 0.95) groups, an average correlation coefficient (Corr= 0.94)
was computed. Next, we used the correlation coefficient to impute standard deviations for
the change from baseline for the experimental and comparison groups using the following
formula:

SDChangc:'\/ (SD%aseline_"SD?inal - (2 * Cort * SDpaseline * SDﬁnal))

In this method, the assumption is made that the correlation of within-participant pre-
intervention and post-intervention weights were similar across studies. This assumption is
appropriate given that the outcome measure (change in weight or BMI) was consistent
across included studies.

Pooled results were presented as standard mean differences (SMD) in change in body weight
with 95% confidence intervals from baseline to follow-up (pre-intervention vs. post-
intervention) between intervention and comparison groups because weight (kg) and BMI
(kg/m?) are continuous outcome measures. We used the Cochrane Collaboration Review
Manager software (RevMan 5.2) to conduct meta-analyses using the inverse variance
method and fixed effects models. The fixed effects model assigns more weight to studies that
carry more information; therefore, studies with larger sample sizes had greater weight than
studies with smaller sample sizes. Separate analyses were conducted for studies of lifestyle
interventions of < 6-months duration and of = 12-months duration. We generated forest plots
to present pooled results for the effect sizes of weight change from baseline between the
lifestyle intervention and comparison conditions reflected as standardized mean differences
(SMD) with associated 95% confidence intervals. The SMD provides a summary statistic for
the size of the intervention effect in each study, and can be interpreted as the effect size
described as Hedges’ g in the social sciences (see Section 9.2.3.2 of the Cochrane Handbook
for Systematic Reviews of Interventions) [30]. The SMD is also known as Cohen’s g where
the magnitude of the SMD can be interpreted as small (SMD = 0.2), medium (SMD = 0.5),
or large (SMD = 0.8) [35,36]. A separate forest plot was created to illustrate the odds ratio
and associated 95% confidence intervals for clinically significant weight loss of = 5%
between the lifestyle interventions of = 12-months duration and comparison conditions. Z-
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scores were used to provide a test of overall effect. The I-square statistic was calculated to
provide a measure of statistical heterogeneity between studies (> 25% was considered
moderate heterogeneity; and > 50% was considered substantial heterogeneity).

3. Results

3.1. Study characteristics

Study flow and reasons for exclusion are illustrated in Fig. 1. Over 10,000 references were
screened after removal of duplicates, of which 172 full text articles were reviewed to
determine eligibility. In total, 17 randomized controlled trials of lifestyle interventions for
weight loss among overweight and obese adults with serious mental illness met the inclusion
criteria and could be included in statistical analyses of effect. Most included studies were
from the United States (n7=11), and remaining studies were from Spain (= 2), China (n=
1), Taiwan (7= 1), Thailand (n= 1), and the United Kingdom (s = 1). The studies recruited
1968 overweight or obese individuals with serious mental illness, of which 50% were male.
Study participants primarily had schizophrenia spectrum disorders (66%) or bipolar disorder
(22%). Additional study characteristics are listed in Table 2.

3.2. Lifestyle intervention characteristics

The lifestyle interventions primarily included standard nutrition education combined with
instruction and encouragement to increase regular participation in physical activity. The
programs were delivered through community mental health centers [34,37-44], outpatient
services at psychiatric hospitals [45-47], inpatient units or outpatient clinics at veterans’
hospitals [48-50], or within an integrated health plan [51,52]. Several interventions were
adapted from existing evidence-based programs developed and evaluated for use in general
patient populations such as the Diabetes Prevention Program [44,49] and the DASH Diet
[51,52]. Several studies described efforts to tailor evidence-based nutrition education
information and physical activity guidelines to specifically meet the needs and cognitive
abilities of people with serious mental illness. This involved simplifying the lessons plans,
applying guiding social cognitive and behavioral theories, combining psychiatric
rehabilitation and skill building content, integrating materials related to mental health
symptoms and how these symptoms can interfere with healthy eating and getting exercise,
consideration of the effects of psychiatric medications on weight, and incorporating different
strategies to encourage and motivate participants [34,37-39,41,43,48,52]. Many
interventions were group-based [38,40,42-46,49,51], combined group and individual
sessions [39,41,48,52], or were individually focused [34,37,47,50]. A range of different
providers delivered the lifestyle interventions including fitness trainers or health coaches
with specialized training for working with individuals with serious mental illness [34,37],
other providers with basic training for working with people with mental illness [45], trained
members of the study staff [39,46—48], mental health counselors [52], trained recovery
workers [41], dietitians [47,50], psychiatric nurses [40,42,44], or an exercise physiologist
[47].
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3.3. Control condition characteristics

As illustrated in Table 2, several different types of control conditions were used. Most
studies compared lifestyle interventions to usual care, which generally consisted of
medication and case management [38,41,42,50-52]. Participants in the comparison groups
in other studies received usual care with the addition of regular weight measurement
[40,44,45], paper handouts with basic information about healthy lifestyle [46], self-help
materials with basic nutrition information and encouragement to increase physical activity
participation [49], monthly weight measurement combined with handouts about diet and
exercise [48], and a placebo [47]. In one study the comparison group participants were
enrolled in a waitlist group [43]. In another study, the comparison group received standard
nutrition and physical activity information combined with quarterly health classes with
content not focused on weight loss [39]. Two studies used an active comparison group
consisting of access to a fitness club membership at a local community facility [34,37].

3.4. Methodological quality assessment

Quality assessment scores for the included studies are listed in Table 3. The quality scores
for included studies were generally high, given that all studies employed randomized
controlled designs, evaluated lifestyle interventions with manuals or defined procedures,
collected objective weight loss outcomes, and reported sufficient details to enable
replication. There were also several quality metrics that were not met by many of the studies.
These included follow-up length of 12-months or greater [40,42-48,50,51], follow-up rate of
at least 85% [34,37,38,45,48-50], use of blinded outcome assessment [38,43,46,48], and
recruitment through multiple study sites [37,40,43,44,46,47,50,51].

3.5. Publication bias

Studies of all durations were included in the assessment of funnel plot asymmetry to ensure
a sufficient number of studies to conduct the statistical tests (Fig. 2). For the 16 studies
reporting change in body weight as continuous outcome measures (change in weight [kg] or
BMI [kg/m?]), the Egger test (bias = — 3.18; 95% CI - 5.97, —0.39; p = 0.029) indicated
asymmetry in the funnel plot suggesting possible publication bias. However, this finding was
not confirmed using the Begg-Mazumdar test (Kendall’s score =-34;z=-1.53;p =
0.126).

3.6. Meta-analysis

3.6.1. Change in weight in lifestyle interventions of < 6-months duration—Fig.
3a illustrates pooled results as standard mean differences in change in body weight for
studies of lifestyle interventions of < 6-months duration (range: 8-weeks to 6-months). The
ten studies favored lifestyle intervention participation compared to the controls (SMD =
-0.20; 95% CI = - 0.34, - 0.05). However, there was considerable statistical heterogeneity
(x2 = 93.04; df = 9; p < 0.001; 12 = 90%).

3.6.2. Change in weight in lifestyle interventions of = 12-months duration—Fig.

3b illustrates pooled results as standard mean differences in change in body weight for
studies of lifestyle interventions of = 12-months duration (range: 12-months to 18-months).
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The six studies favored lifestyle intervention participation compared to the controls (SMD =
- 0.24; 95% CI - 0.36, — 0.12). Importantly, statistical heterogeneity was very low and non-
significant for change in weight (x2 = 3.83; df = 5; p = 0.57; 1% = 0%)).

3.6.3. Clinically significant weight loss among lifestyle interventions of > 12-
months duration—Five studies of lifestyle interventions of = 12-months duration
reported clinically significant = 5% weight loss at follow-up. Fig. 4 illustrates the pooled
effect of these studies. The pooled results demonstrated that participants in interventions of
> 12-months duration showed significantly greater odds of achieving = 5% weight loss
compared to control participants at follow-up (OR, 1.62; 95% CI 1.21, 2.16; 5 studies).
There was low statistical heterogeneity among studies reporting = 5% weight loss (X2 =
3.25; df = 4; p = 0.52; 12 = 0%).

4. Discussion

In this systematic review and meta-analysis, we found that lifestyle interventions of both <
6-months and = 12-months duration led to modest but significant weight loss among
overweight and obese adults with serious mental illness when compared to control
conditions. The ten studies of lifestyle interventions of < 6-months duration showed
significant heterogeneity, indicating high variance and that effect estimates from these
studies should be interpreted cautiously [40,42-48,50,51]. However, the six studies of
lifestyle interventions of > 12-months duration that reported weight loss as a continuous
outcome (the seventh study reported the proportion of participants who achieved clinically
significant weight loss) showed very low statistical heterogeneity (12 = 0%) [34,37—
39,41,52]. This indicates that there was negligible variance among these six studies of longer
duration interventions and suggests that overall effect estimates for these studies are more
reliable and consistent. It is most likely that the small sample sizes and shorter length of
follow-up were the primary contributors to the greater heterogeneity observed among the
studies of shorter duration interventions given that there were no major differences between
studies of shorter duration compared to longer duration interventions due to individual
participant characteristics or structure of the content of the intervention or control groups.

Our finding of significant weight reduction among the shorter duration (< 6-months)
lifestyle interventions is consistent with prior systematic reviews and meta-analyses [19,20].
Importantly, we were able to expand on these prior reviews by including several recently
published reports of large-scale trials of longer duration lifestyle interventions. As a result,
our systematic review and meta-analysis is the first to our knowledge to highlight the
effectiveness of lifestyle interventions of at least 12-month duration for achieving significant
weight loss among overweight and obese individuals with serious mental illness. However,
we found that both interventions of < 6-months duration and = 12-months duration
contributed to a comparable effect on weight loss, as reflected by a standardized mean
difference (SMD) for weight change from baseline of roughly 0.20. This is considered a
small effect [35], which suggests that it may be difficult to draw conclusions regarding
whether the longer duration interventions are more effective than the shorter duration
interventions. Based on results reported in five studies, we found that participation in the
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longer duration lifestyle interventions contributed to over 60% greater odds of achieving
clinically significant = 5% weight loss when compared to control conditions.

We found that across the 17 studies included in this review, the lifestyle interventions had
several different features such as group or individually focused sessions, or were delivered
by a range of providers with varying levels of training and expertise. Given that the
interventions used multiple combinations of different or overlapping components, it was not
possible to isolate specifically which components were most effective for contributing to
weight loss. However, there were also several important design elements that were consistent
across the lifestyle interventions. For example, manuals or clearly defined procedures were
available for delivering all the programs, and principles of psychiatric rehabilitation were
frequently used to support evidence-based group or individually focused nutrition education
and exercise instruction. The majority of studies (n7= 15), including all seven studies of
longer duration lifestyle interventions, were conducted through community or outpatient
mental health settings. This is important given that people with serious mental illness receive
the majority of their care through these types of settings [16].

The methodological quality of the included studies was high, but this is largely because we
restricted our review to include only randomized controlled trials that evaluated lifestyle
interventions with clear procedures for targeting either healthy eating or physical activity or
both, and that reported clearly defined weight outcomes. This is in contrast to a prior
systematic review that included studies of differing designs, such as single-group pre-post,
uncontrolled feasibility, or quasi-experimental designs, where many studies were found to
have low methodological quality [17]. As reflected in Fig. 2, there was possible publication
bias as indicated by a significant Egger test, though this was not confirmed using the Begg-
Mazumdar test. Therefore, risk of publication bias was low, which may further reflect the
inclusion of only randomized controlled trials and the overall high methodological quality of
included studies. Our findings also show that there has been progress towards addressing
previously identified methodological limitations with the evidence related to lifestyle
interventions for people with serious mental illness. For example, a prior literature review
raised concerns about there being insufficient evidence to draw conclusions regarding
effectiveness of lifestyle interventions for weight loss [53], while other reviews have
emphasized the need for studies with larger sample sizes, longer follow-up, and reporting of
clinically significant outcomes [17,18,20]. We found that most (n7= 11) of the 17 included
randomized controlled trials, and all 7 of the studies of longer duration lifestyle
interventions, were published within the past five years (since 2012). Therefore, our findings
reflect the increasing recognition of the need and prioritization of programs aimed at
addressing elevated overweight and obesity rates among people with serious mental illness
[2], and that these efforts have made substantial advances in recent years.

4.1. Limitations and future research

There are several limitations that warrant consideration. First, we were unable to determine
whether weight loss was sustained over time among people with serious mental illness, and
we found that among studies reporting long-term weight loss outcomes, the findings were
mixed. For example, in one of the trials included in this review, significant weight loss
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persisted at 6-month follow up after completion of the active intervention [34]. However, a
recent secondary report on long-term outcomes from another one of the trials included in
this review indicated that the successful weight loss achieved during the active intervention
phase diminished during the 12-months following completion of the intervention, though
some clinically meaningful benefits persisted [54]. Efforts are needed to determine how to
sustain weight loss following lifestyle intervention participation because long-term
outcomes are critical for reducing cardiovascular risk. Second, participants’ mean age across
most included studies exceeded 40 years, suggesting that our findings likely do not
generalize to younger individuals with serious mental illness. This is a significant concern
because young adults with serious mental illness are at risk of substantial weight gain as a
result of mental illness onset and its consequences on functioning and motivation, and due to
the initiation of antipsychotic treatment [55,56]. Few studies have reported on the
effectiveness of lifestyle interventions for weight loss among over-weight and obese young
adults with serious mental illness [57,58]. This highlights an important area of future
research focused on early intervention to address health behaviors and risk factors that
contribute to poor cardiovascular health later in life. Third, while weight and BMI are
considered reliable measures of obesity, there are other important outcomes that require
investigation. Many of the included studies reported secondary outcomes, such as fitness,
lipid levels, or blood glucose; however, analyses of these outcomes was beyond the scope of
this review and meta-analysis. Specifically, fithess may be an important target for lifestyle
interventions given recent evidence demonstrating that individuals with serious mental
illness may have greater motivation to achieve improved fitness as opposed to weight loss,
and that improved fitness has other important benefits such as reduction in mental health
symptoms such as depression and improved physical functioning [59-61]. Fourth, given the
small number of studies that met our inclusion criteria, we cannot reliably assess what
factors contributed to the greater heterogeneity observed among the shorter duration
interventions compared to the longer duration interventions. The findings from this review
and meta-analysis demonstrate the effectiveness of both short and long duration lifestyle
interventions for achieving weight loss among individuals with serious mental illness,
thereby providing support for the implementation of these programs in mental health
settings. Lastly, it is not clear whether the lifestyle interventions evaluated in the studies
included in this review were implemented or widely disseminated following completion of
the respective trials. Importantly, we did not specifically assess the costs of delivering the
different lifestyle interventions of both short and long duration. Future efforts are needed to
better understand the costs of delivering lifestyle interventions for people with serious
mental illness in order to inform the implementation and sustainability of these interventions
within real-world mental health settings [16].

5. Conclusion

Our updated systematic review and meta-analysis provides further support for the
effectiveness of lifestyle interventions for achieving weight loss among overweight and
obese adults with serious mental illness. Importantly, we identified several recent large-scale
randomized controlled trials of lifestyle interventions of at least 12-months duration, which
appeared to yield consistent and reliable weight loss outcomes. Our findings also show that
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over the past 5 years (since 2012) there have been substantial advances towards addressing
the disproportionately elevated obesity rates among people with serious mental illness.
Despite this progress, it is clear that continued efforts are needed to demonstrate sustained
weight loss outcomes, reach more young people with serious mental illness, and implement
evidence-based health promotion programming within mental health care settings. To date,
there is limited evidence to support the long-term sustainability of lifestyle interventions for
individuals with serious mental illness. Furthermore, ongoing efforts are needed to
demonstrate that lifestyle interventions not only contribute to weight loss, but may
contribute to improved cardiovascular health and reduced risk of early mortality among
people with serious mental illness.
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Fig. 1.
PRISMA flow diagram of studies included in the review.
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Fig. 2.

Funnel plot comparing the standardized mean difference (x-axis) against its standard error
(y-axis) for all studies reporting change in body weight.

Most studies are within the pseudo 95% CI of the funnel plot, suggesting moderate to low
risk of publication bias among studies reporting change in body weight as a continuous
outcome measure (change in weight [kg] or BMI [kg/m?2]). In statistical tests, the Egger test
(bias = - 3.18; 95% CI - 5.97, - 0.39; p = 0.029) indicated asymmetry in the funnel plot,
suggesting possible publication bias. Though this was not confirmed using the Begg-
Mazumdar test (Kendall’s score = — 34; z = — 1.53; p = 0.126).

SMD: standard mean difference.

SE: standard error.

BMI: body mass index (kg/m?).
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a) Forest plot comparing change in body weight among participants in lifestyle interventions of
<6-months duration versus controls

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Brar 2005 -2 3.79 34 -1.1 3.11 37 9.7%  -0.26 [-0.73, 0.21] —
Goldberg 2013 1.63 8.534 53 -0.95 7.187 56 14.9% 0.33 [-0.05, 0.70] =
Green 2014 -3.04 2.72 18 -0.1 2.95 18 4.4% -1.01[-1.71,-0.31] e —
Iglesias-Garcia 2010 0.1 2.989 7 0.1 8.287 7 1.9% 0.00 [-1.05, 1.05] e E——
Masa-Font 2015 0.04 1.2511 169 -0.23 1.0344 163 45.6% 0.23 [0.02, 0.45] -
Methapatara 2011 -0.8 3.58 32 1.41  4.08 32 8.5% -0.57 [-1.07, -0.07] S
Ratliff 2012 -2.54 2.49 10 0.68 2.66 10 2.3% -1.20[-2.17,-0.23] —
Weber 2006 -2.452 2.968 8 -0.616 3.336 7 2.0%  -0.55[-1.59, 0.49] —
Wu 2007 -4.2 4.4 28 1 3.4 25 6.0% -1.29[-1.89, -0.70]
Wu 2008 -1.4 1.6642 32 3.1 1.9415 32 4.9% -2.46[-3.12,-1.80) ———
Total (95% CI) 391 387 100.0% -0.20 [-0.34, -0.05] 0
Heterogeneity: Chi? = 93.04, df = 9 (P < 0.00001); I = 90% _42 _91 ) ]l_ é

Test for overall effect: Z = 2.66 (P = 0.008) Favors Intervention Favors Comparison

b) Forest plot comparing change in body weight among participants in lifestyle interventions of
>12-months duration versus controls

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% Cl
Bartels 2013 -0.5987 10.7747 67 -0.6202 9.733 66 12.5% 0.00 [-0.34, 0.34] b
Bartels 2015 -2.7598  8.301 104 -0.8961 9.2636 106 19.6%  -0.21[-0.48, 0.06] -
Brown 2014 0.68 7.2656 70 2.81 8.918 66 12.6% -0.26 [-0.60, 0.08] e
Daumit 2013 -3.4 7.892 144 -0.2 9.2021 147 26.9% -0.37[-0.60,-0.14] -
Green 2015 -3.959 9.1564 104 -1.359 9.1564 96 18.6% -0.28[-0.56, -0.00] —=
Lovell 2014 -0.9 7 54 0 10.1 51 9.8% -0.10 [-0.49, 0.28] -
Total (95% CI) 543 532 100.0% -0.24 [-0.36, -0.12] ¢
Heterogeneity: Chi? = 3.83, df = 5 (P = 0.57); I = 0% +

-2 -1 0 1 2
(o]

Test for overall effect: Z = 3.86 (P = 0.0001) Favors Intervention Favors Comparison

Fig. 3.

Forest plots for the meta-analysis.

a) Forest plot comparing change in body weight among participants in lifestyle interventions
of < 6-months duration versus controls.

b) Forest plot comparing change in body weight among participants in lifestyle interventions
of = 12-months duration versus controls.
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bartels 2013 15 67 16 66 17.1% 0.90 [0.40, 2.01] —_—
Bartels 2015 30 104 22 106 21.2% 1.55 [0.82, 2.91] —
Daumit 2013 52 144 32 147 27.6% 2.03 [1.21, 3.41] —_—
Erickson 2016 20 60 ) 48 9.1% 2.17 [0.88, 5.34]
Green 2015 41 104 29 96  25.0% 1.50 [0.84, 2.70] B . E—
Total (95% CI) 479 463 100.0% 1.62 [1.21, 2.16] el
Total events 158 108
Heterogeneity: Chi® = 3.25, df = 4 (P = 0.52); ¥ = 0% o ot 3

Test for overall effect: Z = 3.26 (P = 0.001)

Fig. 4.

Favors Comparison Favors Intervention

Forest plot of the odds of achieving clinically significant (5% or greater) weight loss among
participants in lifestyle interventions of = 12-months duration versus controls.
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Table 1

Search strategy for Medline.

Search Search terms

#1 “Schizophrenia”[Mesh] OR “Schizophrenia and Disorders with Psychotic Features”[Mesh] OR “Bipolar Disorder”[Mesh]
OR “Psychotic Disorders”[Mesh] OR “Mood Disorders” [Mesh] OR “Depressive Disorder” [Mesh] OR “Antipsychotic
Agents” [Mesh] OR “Psychotropic Drugs” [Mesh]

#2 Schizophrenia OR “Psychotic Disorder*” OR Psychosis OR “Bipolar Disorder” OR “Mood Disorder*” OR Bipolar OR
Schizoaffective OR “Severe Mental Iliness” OR “Serious Mental Illness” OR “Major Depressive Disorder” OR
“Depressive Disorder” OR “Antipsychotic*” OR “Psychotropic*” OR “Psychoactive*”

#3 #1 OR #2

#4 “Obesity” [Mesh] OR “Body Weight” [Mesh] OR “Weight Loss” [Mesh] OR “Weight Gain” [Mesh] OR “Body Weight
Changes” [Mesh]

#5 “Obesity” OR “Overweight” OR “Body Weight” OR “Weight Loss” OR “Weight Gain” OR “Weight Change” OR “Body
Weight Changes”

#6 #4 OR #5

#7 “Lifestyle”[Mesh] OR “Diet”[Mesh] OR “Exercise”[Mesh] OR “Health Behavior”[Mesh] OR “Health Promotion”[Mesh]
OR “Weight Reduction Programs” [Mesh] OR “Nutritional Sciences” [Mesh] OR “Program Evaluation” [Mesh] OR
“Intervention Studies” [Mesh] OR “Education” [Mesh]

#8 “Lifestyle” OR “Diet” OR “Nutrition” OR “Exercise” OR “Physical Activity” OR “Health Behavior” OR “Health
Promotion” OR “Weight Reduction Program” OR “Trial” OR “Intervention” OR “Program” OR “Management” OR
“Education”

#9 #7 OR #8

#10 #6 AND #9

#11 (final search)  #3 AND #10
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