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Abstract
Purpose of Review To synthesize evidence from randomized controlled trials on the effects of integrated behavioral inter-
ventions for comorbid obesity and depression in adults.
Recent Findings Seven trials (n = 33 to 409) were included. The quality of evidence was mixed. In 2 trials, integrated 
interventions led to greater improvements in both obesity and depression over 12 months, compared with usual care. Of 4 
trials comparing integrated interventions with a standalone obesity intervention, 2 showed incremental effects on depres-
sion only, and 2 did not detect a significant effect for either outcome. One 3-arm trial compared an integrated intervention 
with standalone obesity and depression interventions and only detected incremental effects on obesity when compared with 
a standalone depression intervention.
Summary The effects of integrated interventions for comorbid obesity and depression are varied but promising. Implications 
for future research to guide intervention optimization and implement integrated interventions in clinical practice are provided.

Keywords Obesity · Depression · Integrated behavioral intervention · Weight · BMI

Introduction

Obesity and depression are substantial public health con-
cerns that are frequently comorbid. Adults with obesity 
are 55% more likely to develop depression, and adults with 
depression are 58% more likely to develop obesity, relative 
to their respective counterparts without the index condition 
[1]. Comorbid obesity and depression are associated with 
greater morbidity, poorer treatment adherence, and worse 
quality of life than either condition alone [2–4]. Changes in 
diet and physical activity levels [5, 6] and increased social 

isolation [7] during the coronavirus (COVID-19) pandemic 
elevated the concern that obesity and depression would affect 
more people than ever before. Indeed, weight gain during 
lockdown was reported by 11.1 to 72.4% of participants in a 
review of 36 observational studies among adults and adoles-
cents older than 16 years [8], and the prevalence of depres-
sion symptoms grew from 8.5% in 2017–2018 to 27.8% in 
2020 among adults [9]. As a result, the population affected by 
co-existing obesity and depression are expected to increase 
markedly, and effective interventions that treat these condi-
tions together, namely, in an integrated manner, are critically 
needed to support recovery from the COVID-19 pandemic.

In a widely accepted form of treatment, behavioral inter-
ventions are traditionally designed to treat obesity [10] and 
depression [11] separately. However, these conditions share 
behavioral and psychosocial risk factors (e.g., physical 
inactivity, maladaptive eating behaviors, body dissatisfac-
tion) [12–14] and biological mechanisms (e.g., epigenet-
ics, inflammation, neural dysregulation) that are modifiable 
through interventions addressing these risk factors [15]. 
These overlapping risk factors and mechanisms suggest that 
integrated interventions designed to treat both conditions 
simultaneously hold great potential for synergistic and effec-
tive treatment of these comorbidities.
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To inform clinical practice and future research, the pur-
pose of this review is to synthesize evidence from rand-
omized controlled trials (RCTs) on the effects of integrated 
behavioral interventions designed to treat comorbid obesity 
and depression in adults.

Methods

Review Design and Study Selection

An electronic literature search was conducted to identify 
relevant articles published through July 2021, with no begin-
ning date limit imposed. PubMed, CINAHL, PsycInfo, and 
Cochrane databases were searched using database-specific 
variations on the following search terms: obesity AND 
depression AND (weight OR body mass index OR BMI 
OR waist OR fat). The search strategy is detailed in Sup-
plementary Table 1. The study design was limited to RCTs 
that examined the effects of an integrated behavior change 
intervention designed for adults age 18 years or older with 
comorbid obesity and depression on both weight-related and 
depression outcomes relative to any type of control group. 
Integrated behavioral interventions were defined as those 
that included theory-based behavior change components 
specifically designed to address obesity and depression. 
Interventions designed to address obesity alone or depres-
sion alone were excluded. Any setting and length of follow-
up were allowed. Studies that were unavailable in English 
were excluded. Duplicate records were removed using End-
Note (version 8.2, Clarivate, London, UK). Two researchers 
(NL and EK) reviewed titles and abstracts against inclusion 
and exclusion criteria (Supplementary Table 2) to identify 
potentially eligible articles. The same two researchers then 
independently reviewed articles selected for full-text review 
to determine the final list of eligible studies. Disagreements 
were resolved through discussion and consultation with the 
senior researcher (JM).

Data Extraction and Risk of Bias Assessment

Data were extracted from each of the included articles by 
NL. Data elements included study design, study setting, 
study duration, eligibility criteria, baseline participant 
characteristics, study retention, characteristics of the treat-
ment and control groups, treatment duration, and primary/
secondary weight-related and depression outcomes. The 
Cochrane risk of bias tool was used to assess the qual-
ity of each study (high, low, or unclear risk of bias) on 
7 domains: random sequence generation, allocation con-
cealment, blinding of participants and research person-
nel, blinded outcome assessment, incomplete outcome 
data, selective outcome reporting, and other sources of 

bias [16]. Two researchers (NL and EK) independently 
assessed each study, and disagreements were resolved 
through discussion. The senior researcher was consulted 
when necessary. The consistency of outcome measures and 
research designs across studies was examined to deter-
mine whether a meta-analysis or qualitative synthesis was 
appropriate [17].

Results

Study Identification

Of the 1077 references identified, 1057 were excluded 
based on title, language, or study type (n = 924) and abstract 
reviews (n = 133). Candidate full-text articles (n = 20) were 
assessed for eligibility and 13 were excluded. Reasons for 
exclusion at all stages are depicted in Fig. 1. Reasons for 
exclusion on full-text review are detailed in Supplemen-
tary Table 3, which included primarily (1) participants 
do not have comorbid obesity and depression (n = 9), and 
(2) intervention has no behavior change component or is 
not designed for comorbid obesity and depression (n = 3). 
Table 1 details main features of the 7 studies, which are 
summarized below. Additional details of the studies can be 
found in Supplementary Table 4.

Study Design

Participant Characteristics

A total of 1031 participants were included in the 7 stud-
ies (sample size range, 33 to 409). All studies included 
adults over 18 years with the mean age ranging from 45 to 
59 years. One study reported the median age of 29 years in 
the integrated intervention group and 32 years in the life-
style modification-only control group [18]. An upper age 
restriction of 65 to 70 years was imposed in 4 trials [19–22]. 
Participants were required to be female in 3 studies [18–20], 
while 3 studies that included both female and male reported 
a predominantly female sample [21–23], and 1 study that 
included the USA veterans reported a predominantly male 
sample [24]. More than half of participants were white in 5 
of the 7 studies [18–20, 22, 23]. Study participants met base-
line criteria for obesity (mean BMI range of 32.3 to 39.5) 
and depression assessed by several measures, including the 
9-item Patient Health Questionnaire (PHQ-9), Structured 
Clinical Interview for DSM-IV (SCID-IV), Beck Depression 
Inventory-II (BDI-II), Hamilton Depression Rating Scale 
(HDRS), and Center for Epidemiologic Studies Depression 
Scale (CES-D).
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Study Design and Setting

All included RCTs were conducted in the USA. Out-
comes were assessed across a range of timepoints includ-
ing 8 weeks [18, 24], 16 weeks [18, 24], 20 weeks [22], 
6 months [19–21, 23], 46 weeks [22], and 12 months 
[19–21, 23]. Measures of obesity included BMI and 
weight. Measures of depression included the 20-item 
Depression Symptom Checklist (SCL-20) [25], HDRS 
[26], BDI-II [27], CES-D [28], and PHQ-9 [29]. SCL-20 
scores range between 0 (best) and 4 (worst), with scores 
of > 1.5 to 2.0 and > 2.0 representing moderate depression 
and severe depression, respectively [23]. HDRS scores 
range from 0 (least severe) to 52 (most severe), with 
scores of 0 to 6 indicating minimal depressive symptoms, 
7 to 17 indicating mild depression, 18 to 24 indicating 

moderate depression, and > 24 indicating severe depres-
sion [30]. BDI-II scores range from 0 to 63, with scores of 
0 to 13 indicating minimal depression, 14 to 19 indicating 
mild depression, 20 to 28 indicating moderate depression, 
and ≥ 29 indicating severe depression [31]. CES-D scores 
range from 0 to 60, with scores of ≥ 16 indicating clinical 
depression [28]. PHQ-9 scores range from 0 to 27, with 
scores at or above 10, 15, and 20 corresponding to moder-
ate, moderately severe, and severe depression, respectively 
[29]. The experimental integrated interventions were com-
pared with usual care [21, 23] or standalone interventions 
(e.g., weight-loss or lifestyle-only intervention) [18–20, 
22, 24]. All studies stated that analyses were conducted 
following intention-to-treat principles. However, randomi-
zation was overridden for 3 participants in one study [18].

Fig. 1  Results of search for 
relevant studies
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Intervention Design

Integrated Intervention Intensity, Duration, Format, 
and Content

The 7 integrated interventions ranged in duration from 
8 weeks to 1 year with varied frequency of contacts through-
out the course of the program (e.g., weekly, biweekly, 
monthly). The number of sessions ranged from 15 to 38 
during the entire intervention. Three 12-month interventions 
[19, 20, 23] had distinct intensive and maintenance phases, 
6 months per phase. Two interventions [19, 22] utilized in-
person group sessions, 2 interventions [18, 23] utilized in-
person individual sessions, 2 interventions [20, 21] utilized 
a combination of in-person individual and group sessions, 
and 1 intervention [24] primarily utilized phone sessions. 
In addition to group and individual sessions, 2 interventions 
[20, 23] also utilized phone contacts during the maintenance 
phase.

All 7 integrated interventions included both an obesity 
and a depression treatment component. In 3 of them [20, 
21, 23], the obesity treatment components were based on the 
Diabetes Prevention Program (DPP) [32]. The depression 
treatment components in these integrated inventions were 
various cognitive behavioral therapies (CBTs), including 
evidence-based strategies such as behavioral activation and 
problem-solving. Two interventions [20, 23] treated depres-
sion symptoms first with the obesity treatment component 
introduced in week 6 or week 9, 1 intervention [21] treated 
obesity first with the depression treatment component intro-
duced in month 7, and the other 4 interventions [18, 19, 
22, 24] treated obesity and depression concurrently. One 
integrated intervention [23] reported the use of as-needed 
antidepressant medications as a supplement to the first-line 
CBT for depression.

Theoretical Basis

Although all 7 behavioral lifestyle interventions used evi-
dence-based cognitive-behavioral strategies (e.g., self-mon-
itoring, goal setting, and problem-solving, and behavioral 
activation), only one study [23] reported social cognitive 
theory [33] as a theoretical basis for the Group Lifestyle 
Balance (GLB) program for weight loss which was adapted 
from the DPP and identified overlapping cognitive and 
behavioral principles with problem-solving treatment for 
depression [34].

Interventionists and Care Team

Four integrated interventions [19, 21–23] were deliv-
ered by interventionists who were cross-trained to deliver 
both the obesity and depression treatment components. 

Interventionists had varied prior experience (e.g., clinical 
psychologist, bachelor’s level health coach). In 3 interven-
tions [18, 20, 24], the obesity and depression treatment com-
ponents were delivered by separate trained interventionists 
(e.g., dietitian and exercise physiologist or trained counselor 
for obesity treatment and master’s or doctoral level counse-
lor or clinical psychologist for depression treatment). Two 
interventions [19, 23] reported weekly care team meetings 
among interventionists and obesity or depression experts to 
conduct ongoing case reviews and discuss challenging cases 
or questions arising from treatment sessions.

Efficacy

Heterogeneity of the outcomes and research designs across 
the 7 eligible studies precluded a meta-analysis. Instead, we 
summarize the key findings of the individual studies.

Comparisons of Integrated Interventions to Usual Care

Two studies [21, 23] reported results on efficacy of the 
integrated interventions compared with usual care. Mon-
crieft et al. [21] reported that an integrated intervention 
combining a DPP-based behavioral weight loss interven-
tion and cognitive behavioral and social learning therapy 
for depression resulted in decreased weight (between-group 
mean difference per month, mean ± SE =  − 0.322 ± 0.124 k
g, P = 0.01) and BDI-II scores (− 1.009 ± 0.226, P < 0.001) 
compared with usual care during the first 6 months. These 
improvements maintained at 12 months. Ma et  al. [23] 
demonstrated that an integrated intervention combining the 
DPP-based Group Lifestyle Balance (GLB) for weight loss 
and problem-solving therapy with as-needed antidepres-
sant medications for depression resulted in decreased BMI 
(between-group mean difference, mean [95% CI] =  − 0.6 
[− 0.9, − 0.3]; P < 0.001 for 6 months; − 0.7 [− 1.1, − 0.2], 
P = 0.01 for 12  months) and SCL-20 scores (− 0.3 
[− 0.4, − 0.1], P < 0.001 for 6 months; − 0.2 [− 0.4, − 0.0], 
P = 0.01 for 12 months) compared with usual care at both 6 
and 12 months.

Comparisons of Integrated Interventions to Standalone 
Interventions

Four studies [18–20, 24] reported results on efficacy of the 
integrated interventions compared with standalone weight 
loss interventions. In 2 studies [18, 19], weight loss and 
depression symptom changes did not differ significantly 
between treatment groups at varied time points from 8 weeks 
to 12 months. Two studies [20, 24] reported no difference 
in weight loss between treatment groups but significantly 
reduced depression symptoms in the integrated interventions 
compared with the standalone weight loss intervention. In 
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Pagoto et al.’s study [20], participants in the integrated inter-
vention showed significantly greater improvement in BDI-II 
scores compared with the standalone DPP at both 6 months 
(mean change ± SD, − 12.5 ± 0.85 vs. 9.2 ± 0.80, P = 0.005) 
and 12 months (− 12.6 ± 0.97 vs. − 9.9 ± 0.93, P = 0.045). 
In Evans-Hudnall et al.’s study [24], participants in the 
integrated intervention showed significantly lower PHQ-9 
scores than participants in the MOVE! Program for weight 
loss at 16 weeks (mean score ± SD, 6.3 ± 7.1 vs. 13.4 ± 6.2, 
P = 0.02).

The only 3-arm RCT among the 7 included studies was 
a pilot study [22] that compared an integrated intervention 
with a standalone weight loss intervention and a standalone 
cognitive behavioral therapy for depression. In this study, 
participants in the integrated intervention lost significantly 
more weight than those in cognitive behavioral therapy 
for depression (mean % weight loss ± SD, − 5.2% ± 1.2% 
vs. − 0.8% ± 1.3%, P < 0.02) at 20 weeks; however, this effect 
on weight loss was not maintained at 46 weeks. In addi-
tion, improvements in depression symptoms did not differ 
between any of the treatment groups.

Risk of Bias Assessment

Scores on the Cochrane Risk of Bias Assessment are 
depicted in Table 2. One of the 7 studies had high risk of 
bias on generation of allocation sequence, blinding of study 
personnel, incomplete outcome data, selective outcome 
reporting, and other sources of bias such as low participant 
retention and short-term pilot study with small sample size 
[18]. One study had high risk of bias on selective outcome 
reporting and other sources of bias such as short-term pilot 
study with small sample size, no primary outcome specified, 

and inconsistent reporting of results and the number of par-
ticipants [24]. This study also did not report enough infor-
mation to enable determination of the risk of bias on alloca-
tion concealment, blinding of study personnel, and blinded 
outcomes assessment [24]. Another study also had high 
risk of bias on low participant retention, and unclear risk of 
bias on sequence generation, allocation concealment, and 
blinding of study personnel [22]. Three of the 7 studies had 
unclear risk of bias on blinding of study personnel [19–21]; 
among them, 1 study had high risk of bias on low participant 
retention [21]. Results from the studies with high risk of bias 
should be interpreted with caution.

Discussion

Multimorbidity (i.e., ≥ 2 chronic conditions [35]) involving 
mental and physical comorbidities is a major public health 
problem [36] that was severely exacerbated by the COVID-
19 pandemic [37–42]. Obesity and depression, in particu-
lar, are highly comorbid, but traditionally treated separately 
despite their shared risk factors and biological mechanisms. 
Implementing integrated interventions that treat comor-
bid obesity and depression simultaneously could improve 
the overall health of a vulnerable population and enhance 
patients’ experiences of care. Integrated behavioral inter-
ventions for comorbid obesity and depression are emerging 
in the literature with varied results. This paper reviewed 7 
RCTs of behavioral interventions among participants with 
mild [22] and moderate [18–21, 23, 24] depression. Of 
these studies, statistically significant effects were detected 
for both obesity and depression in 2 trials that compared 
the integrated interventions with usual care [21, 23]. The 

Table 2  Completed risk of bias tool

Study Cited Sequence 
generation

Allocation 
concealment

Blinding 
participants 
& personnel

Blinded 
outcome 

assessment

Incomplete 
outcome data

Selective 
outcome 
reporting

Other issuesa

Linde et al., 

2011

Pagoto et al., 
2013

Moncrieft et 

al., 2016

Faulconbridge

et al., 2018

Cooney et al., 
2018

Ma et al., 2019

Evans-Hudnall

et al., 2020

, low risk of bias; , high risk of bias; , unknown risk of bias. aOther issues deemed high risk of bias include low participant 
retention (Moncrieff, Faulconbridge, Cooney), short-term pilot study with small sample size (Cooney, Evens-Hudnall), no primary outcome 
specified (Evens-Hudnall), and inconsistent reporting of results and the number of participants (Evens-Hudnall)
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trial by Ma et al. [23] was the largest of the 7 and reported 
significant between-group mean differences for both BMI 
and SCL-20 scores over 12 months. The treatment effects 
were comparable to some of the prior trials that had sepa-
rately tested either component of the integrated interven-
tion in Ma et al. as standalone interventions, i.e., the Group 
Lifestyle Balance program for weight loss only [43] and the 
Program to Encourage Active, Rewarding Lives for Seniors 
(PEARLS) for depression only [44], compared with usual 
care. The other 5 trials [18–20, 22, 24] compared the inte-
grated interventions with one or both of their standalone 
programs. Two of these trials detected significant effects of 
the integrated interventions on depression compared with 
the standalone behavioral interventions for weight loss only 
[20, 24], and one trial detected significant effects of the 
integrated intervention on weight loss compared with the 
standalone behavioral intervention for depression only [22]. 
However, none of the integrated interventions were more 
effective for weight compared with the standalone behav-
ioral interventions for weight loss only or for depression 
compared with the standalone behavioral intervention for 
depression only, suggesting an additive rather than a syn-
ergistic effect of integrating the weight loss and depression 
interventions [18–20, 22, 24].

The varied results among these studies could be 
explained by the varied study and intervention designs. For 
example, both Ma [23] and Pagoto [20] integrated a DPP-
based lifestyle intervention for weight loss and a behavioral 
therapy for depression that included behavioral activation, 
but the two studies employed different control conditions. 
Ma detected significant treatment effects on both weight 
loss and depression compared with usual care, while Pagoto 
only detected significant treatment effects on depression 
compared with the weight loss intervention only. In addi-
tion, intervention integration approaches varied across the 
7 studies. Both Ma and Pagoto prioritized the depression 
treatment component first [20, 23], but others prioritized 
obesity treatment component first [21] or treated both con-
ditions concurrently [18, 19, 22, 24]. There was also het-
erogeneity across intervention delivery models (i.e., indi-
vidual sessions, group sessions, and a combination thereof) 
and modes (i.e., in-person, phone, and a combination of 
both during the intensive and maintenance phases of the 
interventions).

This systematic review has several limitations. First, 
our search was limited to indexed articles reported in 
English; we did not search for gray literature. Second, 
heterogeneity across study outcomes and design pre-
cluded the pooling of data for a meta-analysis. Third, 
although all studies were RCTs, several were designed to 
be pilot studies with small sample sizes and only reported 
within-group effects rather than between-group effects. 
Furthermore, results from the studies with unknown or 

high risk of bias related to personnel blinding, high rate 
of attrition, sequence generation, allocation concealment, 
and selective outcome reporting should be interpreted 
with caution.

Despite these limitations, the results of these studies 
have implications for clinical practice for people with 
comorbid obesity and depression.

• When obesity and depression co-occur, an integrated 
collaborative care treatment approach may be effective. 
The results from the studies reviewed in this paper sug-
gested an additive effect of integrating the weight loss 
and depression intervention. These integrated interven-
tions enable providers to take a whole-person approach 
to treatment for these frequently comorbid conditions. 
This small but promising body of literature supports 
future implementation of integrated collaborative care 
interventions to move toward whole-person care [45] 
in clinical practice.

• For patients with comorbid depression and obesity, it 
may be clinically important to first treat depression 
and then focus on weight. Both integrated interven-
tions that treated depression symptoms first followed 
by obesity showed promising results on improving 
depression and weight outcomes [20, 23]. One study 
reported participants with better depression treat-
ment response and remission lost greater weight [20]. 
This small body of evidence may support a need for 
a sequential treatment model for comorbid depression 
and obesity that can better engage patients with the 
comorbid conditions.

• Transdisciplinary models of clinical practice may sup-
port future implementation of integrated interventions. 
Existing interventions were delivered by teams of inter-
ventionists who had specialized expertise in each of 
the conditions being treated. These studies employed 
varied team models, including delivery of intervention 
components by members with specialized expertise in 
each condition [18, 20, 24] and regular team meetings 
involving the cross-trained interventionist and provid-
ers with specialized expertise [19, 23]. Implementation 
of integrated interventions to treat multimorbidity in 
the future will require health systems that enable trans-
disciplinary team-based models of care.

The promising but heterogeneous results from these 
studies also point to areas for future research that advances 
integrated behavioral interventions for adults with comor-
bid obesity and depression. Four of the 7 studies had 
identifiable high risks of bias [18, 21, 22, 24], and 2 in 
particular [18, 24] raise considerable concern regard-
ing the quality and interpretability of the study findings. 
Assurance of scientific rigor and transparent reporting is 
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warranted in future research, focusing on several priority 
areas as follows.

• Identifying moderators of treatment response may 
explain heterogeneity of effects and inform intervention 
tailoring based on baseline characteristics and clinical 
profiles. Adults with comorbid obesity and depression 
may vary in their baseline behavioral phenotype (e.g., 
one condition may be more severe than the other) [46]. 
However, few studies have examined these baseline phe-
notypic differences, and few integrated interventions 
have utilized baseline patient profiles to explore oppor-
tunities of targeting intervention to the phenotypic differ-
ences. Among the 7 studies included in this review, only 
1 study [24] provided intervention tailored to the severity 
of patients’ baseline depression and anxiety symptoms. 
In this study, patients with moderate-to-severe depression 
received a depression management workbook, those with 
moderate-to-severe anxiety received an anxiety manage-
ment workbook, and those with both conditions worked 
with the study clinician to determine which workbook to 
use based on the condition that was more problematic. 
More research is needed to advance our understanding 
on how baseline characteristics and clinical profiles can 
be used to optimize treatment for comorbid obesity and 
depression using a precision health framework [47].

• Examining early patient engagement patterns and 
response to intervention will advance precise delivery of 
individualized care. Early patient engagement patterns 
(e.g., frequency of self-weighing) or intervention response 
(i.e., early trends in change on clinical outcomes) may be 
identified within the first 6 to 8 weeks of intervention. 
This information can be used to design augmentation or 
ancillary treatments at critical triage points that may bol-
ster long-term outcomes [48]. By monitoring trajectories, 
future research can use innovative research methods, such 
as Sequential Multiple Assignment Randomized Trials 
(SMARTs) [49] or micro-randomization trials [50, 51], 
to design individualized adaptive integrated interventions 
using these early patterns or trajectories.

• Evaluating hypothesized mechanisms underlying inte-
grated interventions for comorbid obesity and depression 
will inform intervention optimization. Evaluating inter-
vention effects on hypothesized mechanisms represents 
another important research area. For example, recent 
proof-of-mechanism trials have suggested that large-
scale neural circuits, particularly the negative affect cir-
cuit, may predict or mediate treatment effects of an inte-
grated intervention on obesity [52] and depression [53]. 
With more information on neural mechanisms, future 
trials may test neural target-driven enhancements of inte-
grated interventions with noninvasive brain stimulation 
(e.g., transcranial direct current stimulation [54–56]) to 

augment the intervention for those who fail to show early 
engagement of the potential neural mediator. Mechanistic 
trials that use innovative approaches such as these are 
needed to optimize integrated interventions for treating 
comorbid obesity and depression.

Conclusions

Overall, this review demonstrates that integrated behavioral 
interventions for comorbid obesity and depression remain 
limited. Although the effects of existing integrated interven-
tions for this population are varied, several are promising 
for improving obesity and/or depression among individuals 
with both conditions. This review suggests that there are 
considerable opportunities to build on the existing interven-
tions using a precision medicine framework to better target 
and tailor interventions based on baseline phenotypes, early 
patient engagement and intervention response, and proven 
mechanisms. This important research will contribute to 
future optimization of integrated interventions that will 
lead to greater health and reduced healthcare costs among 
a growing population of adults with comorbid obesity and 
depression.
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