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OBJECTIVE

Given the high prevalence of obesity and diabetes in patients with serious mental
illness (SMI) and the lack of evidence on the effects of weight loss programs in SMI
patients with diabetes, we evaluated the effectiveness of a behavioral weight loss
intervention among SMI participants with and without diabetes.

RESEARCH DESIGN AND METHODS

Using data from ACHIEVE, a randomized controlled trial to evaluate the effects of a
behavioral weight loss intervention among overweight/obese people with SMI, we
assessed and compared weight change from baseline to 18 months in participants
with and without diabetes using a longitudinal mixed-effects model.

RESULTS

Of the 291 trial participants, 82 (28.2%) participants had diabetes (34 and 48 in
intervention and control groups, respectively) at baseline. Participants with
diabetes were more likely to be taking antipsychotics (31.7% vs. 18.7%, P =
0.02). At 18months, participants in the control groupwith diabetes lost 1.2 lb (0.6%)
of body weight compared with 0.8 lb (0.7%) among those without diabetes. In the
intervention group, participants with diabetes lost 13.7 lb (6.6%) of their initial body
weight compared with 5.4 lb (2.9%) for those without diabetes. Corresponding net
effects (interventionminus control) were 4.6 lb (2.2%) and 12.5 lb (6.0%) netweight
reduction over 18 months in the no diabetes and the diabetes subgroups,
respectively. However, the between-group difference in intervention effects
was statistically nonsignificant (absolute weight change: P-interaction = 0.08; %
weight change: P-interaction = 0.10).

CONCLUSIONS

A behavioral weight loss intervention is effective among overweight and obese
individuals with SMI regardless of their diabetes status.

Peoplewith seriousmental illness (SMI) have an extremely high prevalence of obesity
that is nearly double that of the general population (1). Furthermore, although the
prevalence of diagnosed type 2 diabetes in this vulnerable population is;12% (2), up
to 70% of cases of diabetes in this population are undiagnosed (3,4). People with SMI
who have diabetes have a higher rate of complications due to microvascular and
macrovascular complications and deaths related to diabetes compared with people
without SMI who have diabetes (4). Most antipsychotic medications are associated
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with weight gain, and some second-
generation antipsychotics affect glucose
metabolism, leading to glucose intoler-
ance and diabetes (1). Moreover, people
with SMI aremore likely to be sedentary,
smoke, and consume poor quality diets,
which increase their risk of obesity and/
or diabetes (5). Some evidence also in-
dicates that metabolic abnormalities are
present in people with SMI even before
treatment (6,7).
Weight loss is recommended for peo-

ple with diabetes who are overweight or
obese because it can reduce medication
therapy and improve glycemic control
and quality of life (8). However, weight
lossmaybemoredifficult for peoplewith
diabetes because some diabetes medi-
cations cause weight gain. Additionally,
initiating treatment and improved gly-
cemic control can lead to a decline in
energy expenditure due to decreased
protein turnover and a decline in met-
abolic rate, both of which counteract
weight loss (9). Studies examining
whether people with diabetes are as
successful in a behavioral weight loss
intervention compared with people with-
out diabetes have shown inconsistent
results, with some studies showing
that individuals with diabetes lose less
weight in a behavioral weight loss in-
tervention compared with individuals
without diabetes (10,11), whereas other
studies have shown that weight loss is
similar among those with and without
diabetes (12–15) or even greater among
people with diabetes (16).
The Randomized Trial of Achieving

Healthy Lifestyles in Psychiatric Rehabil-
itation (ACHIEVE) was the first long-term
randomized controlled trial to evaluate
the effects of a behavioral weight loss
intervention among overweight/obese
people with SMI. In the main findings,
the intervention group lost significantly
more weight (net difference in change of
7 lb) than the control group at 18months
follow-up (17). To our knowledge, no
studies to date have examined the suc-
cess of people with SMI who have di-
abetes in weight loss interventions.
Given the higher prevalence of diabe-

tes and obesity and risk factors for these
conditions among people with SMI and
lack of evidence on the effect of behav-
ioral weight loss interventions for people
with SMI with and without diabetes,
we used data from the ACHIEVE trial
to 1) evaluate the effectiveness of a

behavioral weight loss intervention for
people with SMI separately, in those
with diabetes and without diabetes, and
2) explorepotential heterogeneityof treat-
ment effect between these two subgroups.

RESEARCH DESIGN AND METHODS

ACHIEVE Trial Design
The ACHIEVE trial recruited overweight
or obese adults between January
2009 and February 2011 who attended
1 of 10 community outpatient psychiatric
rehabilitation programs in Maryland or
their affiliated outpatient mental health
clinics (17). Exclusion criteria included a
medical contraindication to weight loss,
cardiovascular event in prior 6 months,
inability to walk, or an active alcohol use
or substance use disorder (see previous
publication for full details) (17,18). A total
of 291 participants were randomly as-
signed to the control or intervention
group. The intervention was a behav-
ioral weight loss program that included
three types of contact: group weight-
management sessions, individual weight-
management sessions, and group
exercise sessions. The control group re-
ceived standard nutrition and physical
activity information at baseline and was
offered health classes quarterly. The
main outcome of the ACHIEVE trial
was change in weight from randomiza-
tion to 6 months and 18 months.

Primary Outcome: Weight Change
Over 18 Months
The primary outcome for this secondary
data analysis was absolute weight change
from baseline to 18 months. Weight was
measured at baseline and 6, 12, and
18 months using a calibrated, high-
quality digital scale, with the participant
wearing light indoor clothing without
shoes. The intervention effect on body
weight is defined as the net 18-month
weight change, i.e., the difference in
18-month weight change between the
intervention and control group.

Secondary Outcomes: Change in and
Glucose Waist Circumference
We also examined change in fasting glu-
cose and waist circumference from base-
line to 18 months. Fasting glucose
was measured at baseline and 6 and
18 months. Participants were required
to be fasting at least 8 h prior to
the laboratory measurement. Waist cir-
cumference was measured in centimeters

by trained staff at baseline and 6 and
18months.The interventioneffectonthese
outcomes is defined as the net 18-month
change of these outcomes, i.e., the differ-
ence in 18-month outcome changes be-
tween the intervention and control group.

Potential Effect Modifiers
We classified participants as having
diabetes at baseline if they self-reported
a diagnosis of diabetes, had a fasting
glucose level $126 mg/dL, or reported
use of any glucose-lowering medica-
tion (e.g., metformin or insulin). We
classified participants as having predia-
betes if they had a fasting glucose
level of 100–125 mg/dL, did not self-
report a diabetes diagnosis, and were
not on a glucose-lowering medication.
In the main analyses, we compared
response to the intervention through
examining the net 18-month weight
changes by the presence or absence of
diabetes. In further exploratory analyses,
we also evaluated intervention effects
by the status of no prediabetes or
diabetes, prediabetes, and diabetes.

Statistical Analysis
We compared the weight at baseline and
18 months cross-sectionally by diabetes
status using Student t tests, and percent
achieving 5% weight loss at 18 months by
diabetes status using a x2 test. Then we
assessed the association between diabe-
tes status and the intervention effect
on weight change from baseline to 18
months using a longitudinal mixed-effects
model. We used a repeated-measures
model for visit-specific weight, including
visit indicators (6, 12, and 18 months),
randomization assignment indicator, and
their cross-product interaction terms, ad-
justing for age, site, and sex. A 4 3 4 un-
structured variance-covariance matrix was
used in this likelihood-based base model
to allow different outcome variances at
different time points, and to address the
correlations among outcome measures
over time within participants. Missing
weight data were included using the
software-designated missing indicator.
In this base model, the overall mean
intervention effect on 18-month weight
change was estimated through the re-
gression coefficient of the cross-product
interaction term of the 18-month visit
and the intervention indicators.

To assess for heterogeneity in inter-
vention effects by diabetes status, we
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included a diabetes indicator and its
relevant interaction terms to the base
model. In this unified subgroup analy-
sis model, the regression coefficient of
the two-way interaction term of the
18-month visit by intervention group
indicators estimates the mean interven-
tion effect on 18-month weight change
for people with SMI and without diabe-
tes, whereas the three-way interaction
term of diabetes by intervention by
18-month visit explored the mean dif-
ference in the net intervention effects
between the with and without diabetes
subgroups. Natural log-transformed
weight outcomes were modeled similarly
to produce percent weight change esti-
mates over 18 months.
We also used a similar longitudinal

mixed-effects model to assess the asso-
ciation between diabetes status and in-
tervention effect on change in fasting
glucose and change in waist circumfer-
ence from baseline to 18 months. Time-
dependent weight was further included to
investigate potential intervention effects
on fasting glucose and waist circumfer-
ence not mediated through weight
changes.We conducted sensitivity analy-
ses to evaluate potential impacts of miss-
ing data using the model-based analyses
with inverseweighting of propensity scores.
In addition to evaluating differences in

response to the intervention by the pres-
ence or absence of diabetes, we also
comparedweight loss across the following
categories: diabetes, prediabetes, andno
prediabetes or diabetes. We additionally
conducted a sensitivity analysis to eval-
uate the impactdue tomisclassificationof
participants as having diabetes. In this
analysis, we removed individuals defined
as having diabetes based on only self-
reportwithoutmeeting theother possible
criteria (fasting glucose level $126 mg/dL
or use of any diabetes medications).
Finally, we examined in the intervention
group the difference between thosewith
and without diabetes in terms of partic-
ipation in the total number of interven-
tion sessions (individual and group) using
Student t tests. Descriptive analyses
were conducted using STATA 15.1, and
longitudinal mixed-effects models were
analyzed using SAS Studio.

RESULTS

Of the 291 participants, 82 (28.2%) in-
dividuals had diabetes (34 and 48 in
the intervention and control groups,

respectively), and 63 (21.7%) had pre-
diabetes at baseline. There were no
differences between those with andwith-
out diabetes for sex, race/ethnicity,
health insurance, presence of care pro-
vider, and randomization group assign-
ment (Table 1 and Supplementary Table
1). Those with diabetes tended to be
older (48.4 vs. 44.1 years, P = 0.004),
weighmore (239.3 vs. 220.4 lb, P = 0.001),
and have less education (25.4% vs. 41.5%
graduated from high school, P = 0.02).
Participants with diabetes were more
likely to have schizophrenia (43.9% vs.
23.4%, overall P = 0.002) and be on
olanzapine or clozapine (31.7% vs.
18.7%, P = 0.02). There were no differ-
ences between the two groups in terms
of psychiatric symptom measures (Be-
havioral and Symptom Identification
Scale-24 [BASIS-24] and Center for Epi-
demiologic Studies-Depression [CES-D]
scores).

At 18 months follow-up, participants in
the control group with diabetes lost 1.2 lb
(0.6%) of bodyweight comparedwith 0.8
lb (0.7%) among those without diabetes
(Table 2). In the intervention group,
participants with diabetes lost 13.7 lb
(6.6%) of their initial body weight com-
pared with 5.4 lb (2.9%) for those without
diabetes. Overall, net weight reduction
(active intervention minus control) over
18 months was 4.6 lb (2.2%) among those
without diabetes and 12.5 lb (6.0%)
among those with diabetes. However,
the difference in intervention effects
between the two subgroups was statis-
tically nonsignificant (absolute weight
change: P-interaction = 0.08; % weight
change: P-interaction = 0.10).

For fasting glucose, we found that
those with diabetes in the intervention
group improved their glycemic control
(reduction of mean fasting glucose by
14 mg/dL) compared with those with
diabetes in the control group (increase
of mean fasting glucose by 3 mg/dL),
although the net intervention effect
(217 mg/dL, P = 0.30) was not statisti-
cally significant (Table 3). A smaller and
nonstatistically significant net reduction
estimate was observed in the no diabetes
group.We also found a decrease in waist
circumference among those with diabe-
tes in the intervention group compared
with the control group (23.3 cm vs.
+0.1 cm), but this difference was
also not statistically different (Table 3).
The differences in intervention effects

on fasting glucose and waist circumfer-
ence between the two subgroups were
not statistically significant (Table 3).

The probability of missing data at
18 months for body weight and weight-
related outcomes were not related to the
values of the same outcome observed
at earlier follow-up visits or at baseline
(data not shown). Given the high
within-person correlation among body
weights and weight-related outcomes
observed over time, this finding sug-
gested missing at random as a reasonable
assumption for missing data mechanism.
Sensitivity analyses using inverse weight-
ing of propensity scores were conducted
and showed similar results (data not
shown) for the intervention effects pre-
sented here.

In considering three categories of di-
abetes status (no prediabetes or diabe-
tes, prediabetes, anddiabetes),we found
that participants with prediabetes had a
similar response inweight loss compared
with individuals without diabetes (data
not shown). In our sensitivity analysis,
12 individuals were reclassified as not
having diabetes because they only self-
reported diabetes, i.e., they did notmeet
other criteria (elevated fasting glucose or
treatment with a diabetes medication).
Our results for the primary outcome of
absolute and percent weight change
were unchanged in the sensitivity anal-
yses. Finally, we did not find differences
between those with or without diabetes
in terms of participation in the total
number of intervention sessions (data
not shown).

CONCLUSIONS

People with SMI are at a higher risk of
developing diabetes and obesity com-
pared with the general population (1,2).
Some evidence suggests that people with
diabetes may be less successful in a
behavioral weight loss intervention com-
pared with those without diabetes (10).
In the ACHIEVE randomized clinical trial,
we found clear evidence that overweight
and obese individuals with SMI success-
fully lost weight in the behavioral weight
loss intervention, regardless of whether
they had diabetes. Although we did not
find statistically significant evidence of
effect modification by diabetes status,
we observed a clinically significant
amount of greater weight loss in the
intervention group among people with
SMI and diabetes.
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Although there was no statistically
significant interaction between diabetes
status and randomized group, the effects

in the diabetes subgroup appeared to be
larger than corresponding effects in
the subgroup without diabetes. The

weight loss observed in SMI patients
with diabetes was clinically important.
Participants in the intervention group

Table 1—Baseline characteristics of participants in the ACHIEVE trial, stratified by diabetes status

Characteristic Without diabetes (n = 209) With diabetes (n = 82) P value

Age, years 44.1 (11.7) 48.4 (9.6) 0.004

Male sex, n (%) 100 (47.9) 45 (54.9) 0.28

Weight, lb 220.4 (43.8) 239.9 (50.4) 0.001

BMI, km/m2 35.4 (6.8) 38.4 (7.9) 0.002

Fasting glucose, mg/dL 95.8 (11.5) 128.8 (51.5) ,0.001

Race, n (%) 0.84
White 118 (56.5) 45 (54.9)
Black 78 (37.3) 33 (40.2)
Other 13 (6.2) 4 (4.9)

Hispanic ethnic group, n (%) 10 (4.8) 3 (3.7) 0.68

Not a high school graduate, n (%) 53 (25.4) 34 (41.5) 0.02

Health insurance, n (%)
Medicaid 176 (84.2) 64 (78.1) 0.21
Medicare 100 (47.9) 46 (56.1) 0.21

Unable to work/receiving disability, n (%) 164 (78.5) 65 (79.3) 0.88

Psychiatric diagnosis, n (%) 0.002
Schizophrenia 49 (23.4) 36 (43.9)
Schizoaffective disorder 63 (30.1) 21 (25.6)
Bipolar disorder 54 (25.8) 10 (12.2)
Major depression 23 (11.0) 12 (14.6)
Other 20 (9.6) 3 (3.7)

Number of psychotropic medications 3.1 (1.3) 3.1 (1.7) 0.97

Any antipsychotic medication, n (%) 188 (90.0) 73 (89.0) 0.82

Atypical antipsychotic medication, n (%) 172 (82.3) 69 (84.2) 0.71

Clozapine or olanzapine, n (%) 39 (18.7) 26 (31.7) 0.02

Lithium or other mood stabilizer, n (%) 102 (48.8) 30 (36.6) 0.06

Antidepressant medication, n (%) 126 (60.3) 49 (59.8) 0.93

Current smoker, n (%) 83 (39.7) 35 (42.7) 0.64

Psychiatric measures
BASIS-24 score 1.32 (0.85) 1.19 (0.72) 0.20
CES-D score 19.8 (10.6) 20.2 (12.8) 0.76

Have a care provider, n (%) 33 (25.0) 49 (30.8) 0.27

Randomization group, n (%)
Intervention 110 (52.6) 34 (41.5) 0.09
Control 99 (47.4) 48 (58.5)

Data are mean (SD) unless otherwise indicated.

Table 2—Change in weight at 18 months follow-up for participants with and without diabetes

Without diabetes (n = 209) With diabetes (n = 82) P value, between group

Mean weight at baseline (SD), lb 220.4 (43.8) 239.9 (50.4) 0.001

Mean weight at 18 months (SD), lb 216.5 (47.1) 233.8 (50.4) 0.007

Mean weight change at 18 months (SE), lb*
Control 20.8 (2.2) 21.2 (2.7) 0.90
Intervention 25.4 (1.3) 213.7 (3.7) 0.04
Net intervention effect, difference 24.6 (2.6) 212.5 (4.6) 0.08
P value, within group 0.07 0.01

% weight change at 18 months (SE), lb*
Control 20.7 (0.9) 20.6 (1.1) 0.91
Intervention 22.9 (0.7) 26.6 (2.0) 0.08
Net intervention effect, difference 22.2 (1.1) 26.0 (2.3) 0.10
P value, within group 0.06 0.008

% achieving 5% weight loss at 18 months, n (%) 58 (28.9) 26 (33.3) 0.46

*Longitudinal mixed-effects model based estimates, adjusted for age, sex, and site.
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who had diabetes lost on average 6.6%
of their initial body weight, which is
similar to the 5–10% range seen in be-
havioral weight loss interventions in the
general population (19). We speculate
that the substantial weight loss success
among those with diabetes in the in-
tervention group may be because they
were aware that they had diabetes and
understood the importance of lifestyle
change. In additional analyses examining
attendance, we did not find differences
between the two groups in terms of
participation in the intervention sessions
(individual and group).
Prior studies that included people with

diabetes in the general population have
demonstrated mixed results on the suc-
cess of weight loss interventions. Many
of these studies were nonrandomized
and 1 year in duration or shorter. These
study findings may have been mixed
partly because diabetes medications
have different effects on weight, with
some promoting weight gain and others
promotingweight loss. Only a few studies
adjusted for diabetes medication use,
and when they did, it was not by the
specific type of diabetes medication. In a
26-week prospective cohort study, indi-
viduals with diabetes lost less weight in a
standardized clinical meal replacement
and lifestyle modification program com-
pared with individuals with impaired
fasting glucose or no diabetes (10). Sim-
ilarly, in a 20-week behavioral weight-
control program, 12 participants with
diabetes lost significantly less weight
than their spouses without diabetes,
and this difference was not explained
by use of oral diabetes medication (11).

However, other studies showed that
weight loss is similar among people
with or without diabetes following low
calorie diets with behavior therapy
(12–14). In another prospective non-
randomized study, women with or with-
out diabetes lost the same amount of
weight in a 16-week behavioral weight
loss program (15). Few randomized trials
that include people with diabetes have
reported intervention effects separately
for the subgroup with diabetes. In the
Heart Healthy Lenoir Project Phase III
year-long randomized controlled trial,
participants with diabetes lost signifi-
cantly more weight than participants
without diabetes, but these data were
reported across all intervention groups
and did not include a control group (16).

To our knowledge, no studies have
examined the success of peoplewith SMI
who have diabetes in weight loss inter-
ventions. One study conducted a sec-
ondary analysis that investigated weight
loss among veterans with prediabetes
enrolled in a Diabetes Prevention Pro-
gram demonstrating that veterans with
SMI lost less weight over 6 months com-
pared with veterans with affective dis-
order (included depression and anxiety
disorders) or veterans without SMI or
affective disorder (21.5 kg in SMI group
vs. 23.9 kg in affective disorder group
and 23.7 kg in no SMI/no affective
disorder group), although this trend
was not significant at 12 months (20).

Our study supports prior evidence
that antipsychotic use is associated
with a higher prevalence of metabolic
syndrome and diabetes (21). In our
study population, a higher proportion

of participants with diabetes were re-
ceiving the second-generation antipsy-
chotics olanzapine or clozapine, which
are well-known to contribute to weight
gain and abnormalities in glucose me-
tabolism (22). A large cohort study es-
timated that the diabetes prevalence in
antipsychotic-treated patients with SMI
was between 17.3% and 28.1%, which
is nearly twice the prevalence in the
general population (23). Despite the
documented side effects of these med-
ications, in ACHIEVE, participants with
diabetes in the intervention group ap-
peared to have a lower fasting glucose on
average by 14 mg/dL and waist circum-
ference by 3.3 cm in analyses adjusted
for time-dependent weight to account
for effects mediated through weight
change, although these were not statis-
tically significant.

The strengths of our study include
enrollment of an important but under-
studied population that included sub-
stantial numbers of patients with SMI
and diabetes. The trial was well con-
ducted with 18 months of follow-up
and few missing data. In contrast, prior
studies examining weight loss interven-
tions in people with SMI were short
(#6 months), uncontrolled, and with
small samples (24,25). Furthermore, re-
sults were robust in a variety of sensitivity
analyses that used advanced analytic
methods.

Our study also has several limitations.
First, the ACHIEVE trial was not powered
for this subgroup analysis, so the study
sample size was not sufficient to confirm
the difference as observed between
those with and without diabetes. Second,

Table 3—Change in glucose and waist circumference at 18 months follow-up for participants with and without diabetes

Without diabetes (n = 209) With diabetes (n = 82) P value, between group

Glucose
Mean fasting glucose at baseline (SD), mg/dL 95.8 (11.5) 128.8 (51.5) ,0.001
Mean fasting glucose at 18 months (SD), mg/dL 100.6 (21.2) 124.5 (51.0) ,0.001
Mean change in fasting glucose at 18months (SE), mg/dL*
Control 6.4 (2.8) 2.9 (11.6) 0.77
Intervention 3.6 (2.2) 213.9 (11.3) 0.13
Net intervention effect, difference 22.8 (3.5) 216.8 (16.3) 0.68
P value, within group 0.43 0.30

Waist circumference
Mean waist circumference at baseline (SD), cm 114.2 (14.9) 124.2 (14.9) ,0.001
Mean waist circumference at 18 months (SD), cm 112.6 (17.0) 123.4 (18.2) ,0.001
Change in waist circumference (SE), cm*
Control 20.6 (0.9) 0.1 (1.5) 0.67
Intervention 21.9 (0.8) 23.3 (2.0) 0.52
Net intervention effect, difference 21.3 (1.2) 23.4 (2.5) 0.53
P value, within group 0.30 0.18

*Longitudinal mixed-effects model–based estimates, adjusted for time-dependent weight, age, sex, site, psychiatric diagnosis, and baseline weight.
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our definition of diabetes included self-
reported diabetes, a single fasting glu-
cose level $126 mg/dL, or use of any
diabetes medications. It is unclear if use
of self-reported diabetes in the SMI pop-
ulation is reliable. However, in our sensi-
tivityanalysis,we found that results for the
primary outcome of absolute weight loss
were unchanged. Additionally, we did not
have hemoglobin A1c data available, and
fasting glucose has high variability re-
lated to differences in fasting timebefore
testing, medications, activity, and stress
(26). Therefore, misclassification of di-
abetes status may have occurred.
In conclusion, overweight and obese

individuals with SMI successfully lost
weight in the ACHIEVE behavioral
weight loss intervention regardless of
whether they had diabetes. This finding
is important because of the substantial
burden of diabetes in patients with SMI
and the dearth of information on the
effectiveness of weight loss interventions
in SMI patients with diabetes. Our results
suggest that the behavioral weight loss
intervention tested in the ACHIEVE trial
could produce as large or greater weight
loss in thosewith versuswithout diabetes
in the population of people with SMI.
However, larger studies are needed to
confirm this hypothesis. Nonetheless,
with effective behavioral weight loss in-
terventions like the one developed and
tested in the ACHIEVE trial, we may be
able to substantially improve the health
of this vulnerable and understudied
population.
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