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Implications
Practice: An integrated behavioral interven-
tion for co-occurring obesity and depression im-
proved diet and physical activity over 6 months; 
future efforts can focus on maintenance of be-
havior change.

Policy: An integrated behavioral intervention for 
co-occurring obesity and depression was not only 
effective for improving weight and depression but 
also for improving relevant health behaviors.

Research: There was no evidence of mediation 
of the positive effect of the integrated collabora-
tive care intervention on either weight or depres-
sive symptoms by theory- and empirically based 
hypothesized mediators.
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Abstract
The RAINBOW trial demonstrated that an integrated 
collaborative care intervention was effective for improving 
weight and depression. This study examined mediation of 
the treatment effect by a priori specified lifestyle behaviors 
and cognitive functioning. Participants were randomized to 
a 12-month integrated intervention (n = 204) or usual care 
(n = 205). Body mass index (BMI) and 20-item Depression 
Symptom Check List (SCL-20) were co-primary outcomes 
(Y). To examine mediation, we assessed (a) the effect of the 
integrated intervention (X) on lifestyle behaviors (diet and 
physical activity) and cognitive functioning (problem-solving; 
M, X→M path a) and (b) the association of these behaviors with 
BMI and SCL-20 (M→Y path b). Mediation existed if paths a and 
b were significant or if path a and the product of coefficients 
test (paths a and b) were significant. Compared with usual care, 
the intervention led to significant improvements in leisure time 
physical activity (201.3 MET minutes/week [SD, 1,457.6]) 
and total calorie intake (337.4 kcal/day [818.3]) at 6 months 
but not 12 months (path a). These improvements were not 
significantly associated with improvements in BMI or SCL-20 
(path b). However, avoidant problem-solving style score and 
increased fruit and vegetable intake significantly correlated with 
improvements in BMI at 6 and 12 months, respectively. Also, 
increased fruit and vegetable intake, higher dietary quality, and 
better problem-solving abilities significantly correlated with 
improvements in SCL-20 at 6 and 12 months. These findings 
did not support the hypothesized mediation, but suggest 
lifestyle behaviors and cognitive functioning to target in future 
intervention optimization.
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INTRODUCTION
Adults with multiple chronic conditions account for 
almost three-quarters of total health care spending in 
the USA [1]. It is estimated that 25% [2, 3] to 40% [1] 
of Americans suffer from more than one chronic con-
dition and the most prevalent contributors are those 
related to obesity (e.g., hypertension, dyslipidemia, 
and diabetes) and mental health (e.g., mood and 
anxiety disorders) [1]. Effective approaches for 
managing multiple chronic conditions are urgently 

needed to increase quality of care, improve popula-
tion health, and address healthcare costs [4].

Obesity and depression are two highly prevalent 
chronic conditions that often co-occur. Obesity af-
fects approximately 40% of US adults [5] and depres-
sion affects 21% of US adults at least once in their 
lifetime [6]. Adults with obesity are 32% more likely 
to be depressed than those who are normal weight 
[7]. Similarly, adults with depression are 30% more 
likely to be obese than adults without depression 
(43% versus 33%) [8]. Although generally treated as 
unrelated conditions [9], behaviors common to both 
conditions including physical inactivity, unhealthy 
diet, and maladaptive problem-solving abilities 
suggest possible shared mechanisms. Thus, an inte-
grated treatment approach targeting shared mechan-
isms may be needed for effective treatment of both 
conditions. The recent RAINBOW (Research Aimed 
at Improving Both Mood and Weight) trial demon-
strated that an integrated collaborative care interven-
tion for comorbid obesity and depression resulted 
in significantly greater improvements in weight loss 
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and depressive symptoms at 6 and 12 months com-
pared with usual care [10]. However, the interven-
tion effects were modest; the between-group mean 
difference at 12  months (primary endpoint) was 
−0.66 (95% CI: −1.13, −0.18; Cohen’s d = 0.28) for 
body mass index (BMI) and −0.19 (95% CI: −0.35, 
−0.03; Cohen’s d=0.23) for the 20-item Depression 
Symptom Check List (SCL-20). Moreover, inter-
vention response (e.g., clinically significant im-
provement in primary outcome) varied. Among 
participants who engaged in the intervention, 30% 
achieved clinically significant weight loss (≥5%) and 
32% achieved a clinically significant reduction in de-
pressive symptoms (≥50%), whereas those who were 
not engaged 17% achieved ≥5% weight loss and 12% 
achieved ≥50% reduction in depressive symptoms 
at 12  months [11]. Thus, efforts to augment inter-
vention effectiveness are needed to promote future 
translation of this intervention into primary care. 
A deeper understanding of the processes that influ-
enced the intervention effect can inform strategies 
to augment intervention effectiveness. 

To understand these processes and to inform fu-
ture optimization of the intervention, we examined 
mediation of the treatment effect on the primary 
outcomes according to an a priori specified concep-
tual framework (Fig. 1). The conceptual framework 
specified that engagement in the intervention would 
lead to improvements in lifestyle behaviors (physical 
activity and dietary intake) and cognitive functioning 
(problem-solving abilities) and that these improve-
ments would lead to the observed improvements 
in the primary outcomes of weight and depressive 
symptoms. The lifestyle behaviors and cognitive 
functioning measures were selected based on the de-
sign of the integrated collaborative care intervention. 
The integrated collaborative care intervention tar-
geted modest weight loss (5%–7%) and a 50% reduc-
tion in depression symptoms through improvements 
in diet, physical activity, and problem-solving abil-
ities. Therefore, we hypothesized that these target 
measures would mediate the effect of the interven-
tion on improving weight and depressive symptoms.

METHODS
This study used data collected at baseline, 
6 months, and 12 months from the RAINBOW trial. 
The trial protocol was previously published [12]. 

Briefly, 409 primary care patients (age ≥18 years) 
with obesity (BMI ≥30 or ≥27 if Asian) and depres-
sion (9-item Patient Health Questionnaire [PHQ9] 
≥10) randomized to receive a 12-month integrated 
collaborative care intervention for obesity and de-
pression (n  =  204) or usual care (n  =  205). The 
co-primary outcomes were changes in BMI and 
SCL-20 [13, 14] from baseline to 12 months, which 
were published [10]. 

Intervention
All participants continued to receive usual medical 
care from their primary care provider. Usual care 
also included information on mental health and 
weight management resources available at their 
clinic and an activity monitor. The integrated col-
laborative care intervention combined 2 evidence-
based interventions: Group Lifestyle Balance 
(GLB) for obesity and Program to Encourage 
Active, Rewarding Lives (PEARLS) for depression. 
Adapted from the Diabetes Prevention Program, 
GLB is a behavioral lifestyle intervention aimed at 
modest weight loss (5%–7% of baseline weight) and 
at least 150 minutes of moderate-to-vigorous phys-
ical activity per week [15]. The PEARLS interven-
tion utilizes problem-solving therapy as first-line, 
behavioral activation (including promotion of 
physical activity) and antidepressant medication as 
needed with a goal of reducing depressive symp-
toms by 50% or achieving PHQ-9<5 [16]. The inte-
grated collaborative care intervention included a 
6-month intensive phase comprised of 9 in-person 
individual sessions of 60 minutes each and 11 GLB 
videos of 20–30 minutes each viewed at home. The 
maintenance phase included monthly phone calls 
for another 6 months. Facilitated by a health coach 
dually trained on GLB and PEARLS, the interven-
tion initiated with the PEARLS and added the GLB 
videos at the 5th session. 

Data collection and measures
Trained research assistants blinded to interven-
tion assignment conducted in-person assessments, 
including physical measurements, at baseline, 6, and 
12 months. Participants filled out self-administered 
online questionnaires at the same time points. 

The primary outcomes were BMI and SCL-20. 
Research assistants measured weight (and height 

Treatment (X):
• Integrated intervention
• Usual care

Potential mediator (M):
• Diet
• Physical activity
• Problem-solving

abilities

Outcome (Y):
• Weight
• Depression

a b

Fig. 1 | Conceptual framework for mediation analysis.
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at baseline only) at baseline and 6 and 12  month 
follow-up using a standardized protocol [17] and 
BMI was calculated by dividing weight by height in 
meters squared. Participants self-administered the 
SCL-20 to assess their depressive symptoms and a 
total score was calculated by averaging the 20 items; 
each item ranged from 0 (best) to 4 (worst). The 
SCL-20 has been validated and extensively used in 
primary care [14, 18].

Target measures of lifestyle behaviors and cogni-
tive functioning were obtained by interview or self-
report. Research assistants interviewed participants 
to conduct multiple-pass 24-hour recalls using the 
Nutrition Data System for Research (NDSR) [19] 
and 7-day Physical Activity Recalls per standardized 
protocol [20, 21]. As an index of overall diet quality, 
the DASH (Dietary Approach to Stop Hypertension) 
score was computed based on 9 nutrient targets 
(total fat, saturated fat, protein, cholesterol, fiber, 
magnesium, calcium, sodium, and potassium) [22] 
provided by the NDSR software. For each nutrient 
target, participants were assigned a point if they 
achieved the target and half a point if they achieved 
an intermediate target (i.e., half-way between the 
DASH target and the population mean), and the 
DASH score was the sum of points across all nine 
nutrients [23, 24]. Additional dietary target meas-
ures included daily servings of fruits and vegetables, 
daily total energy (kilocalories), and daily total fat 
consumption (g) given that the intervention empha-
sized increasing fruit and vegetable consumption 
and decreasing overall calories and fat.

Target measures of reported physical activity in-
cluded Metabolic Equivalent Task (MET) minutes 
per week of leisure time physical activity based on 
the sum of the weighted physical activity minutes for 
moderate (weight: 4 METs), hard (weight: 6 METs), 
and very hard (weight: 10 METs) activities from the 
7-day physical activity recall [25, 26]. Also, total en-
ergy expenditure in kilocalories per kilogram per 
day was derived from MET-minutes/day using the 
conversion 1 MET = 1 kcal/kg/h [25, 26]. 

Participants self-administered the 25-item Social 
Problem-solving Index-Revised Short Form (SPSI-
R:S) to assess total problem-solving ability and 5 
subscales including problem orientation (positive 
and negative) and problem-solving styles (rational, 
impulsive/careless, and avoidant), which has been 
previously validated [27, 28]. Each subscale was 
scored by summing the respective 5 items (each 
from 0 to 4), and the total problem-solving ability 
score ranged from 0 to 20 by averaging the subscale 
scores.

Statistical analysis
Longitudinal (e.g., change in target measure from 
baseline to 6 months and change in outcome from 
baseline to 12 months) and contemporaneous (e.g., 
changes in both target measure and outcome from 

baseline to 12  months) mediation were examined 
separately using the approach described by Kraemer 
et al. [29] and MacKinnon’s product of coefficients 
test [30]. According to Kramer and colleagues, me-
diation exists if there is a significant effect of the 
intervention (X) on the target measure (M, X→M 
path a) and the target measure is significantly asso-
ciated with the outcome either as a main effect or 
an interaction effect with treatment group (M→Y 
path b; Fig. 1). Using MacKinnon’s product of coef-
ficients test, mediation exists if there is a significant 
effect of the intervention on the mediator (path a) 
and the mediation indirect effect is significant. Path 
a was tested using repeated-measures linear mixed 
models to obtain between-group differences of the 
target measure and 95% confidence intervals (CIs) 
by tests of group-by-time interactions. The fixed 
effects of each model included baseline value of 
the target measure, randomization covariates (i.e., 
clinic, age, sex, race/ethnicity, education, any anti-
depressant medications if taken at the time of en-
rollment, and number of hospitalizations in the 
year pre-baseline), group (intervention or control), 
time point (6 or 12  months), and group-by-time 
interaction. The random effects accounted for re-
peated measures with an unstructured covariance 
matrix and clustering of patients within primary 
care physicians. Path b was tested using ordinary 
least square regression to test whether individual 
target measures (main effect) and/or the interaction 
of a target measure with group (intervention or con-
trol) predicted the corresponding outcome (BMI 
or SCL-20), adjusting for the baseline value of the 
outcome and randomization covariates. In addition, 
as a sensitivity analysis for path b for SCL-20, we 
included change in antidepressant medication pre-
scription as a covariate to account for any effect of 
these medications. Change in prescription was de-
fined as a new medication or a change in dose in 
the 12 months after randomization compared to the 
12  months prior. MacKinnon’s product of coeffi-
cients test [30] for indirect effects was performed, al-
lowing for group-mediator interaction as per Valeri 
and Vanderweele [31], 95% confidence limits calcu-
lated using bootstrapping. 

We conducted two additional analyses of medi-
ation. First, we tested for moderated mediation ef-
fects by moderators of age (i.e., ≥45 versus <45), sex, 
severity of comorbidities (e.g., baseline BMI and 
SCL-20: BMI ≥35 versus BMI<35 and SCL-20 ≥1.5 
versus SCL-20  <1.5), and self-reported antidepres-
sant medication use at baseline using the approach 
described by Hayes [32]. Second, we examined me-
diation according to adherence to the intervention 
because we hypothesized that if mediation by the 
target measures existed it would most likely occur 
among those who adhered to the intervention. Given 
that information on adherence in the control group 
did not exist, we created a propensity score of the 
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probability of adhering to the intervention. The pro-
pensity score was created using all observed baseline 
profiles of sociodemographic, behavioral, clinical, 
and psychosocial characteristics. Participants in 
the intervention group were matched with control 
participants on an allowable absolute difference 
between exact propensity scores using 1:1 ratio 
[33]. Adherence was defined as attending interven-
tion sessions consistently throughout the 12-month 
intervention and was based on a definition that we 
previously demonstrated to be related to clinically 
significant treatment outcomes [11]. Specifically, ad-
herence was defined as having attended at least 1 
intervention session in at least 3 out of 4 quarters 
of the 12-month intervention. Using this definition, 
those who were classified as adhering to the inter-
vention attended an average of 14.5 sessions (SD 
1.8) out of 15 sessions. We used the same mediation 
analyses as previously described for the subgroup of 
intervention adhered and propensity score matched 
control participants [34] and incorporated matched 
pairs information (e.g., matched pairs as random ef-
fects in path a model to generate the intervention 
effects on all the potential mediators.) 

All analyses were conducted using SAS, ver-
sion 9.4 (SAS Institute Inc., Cary, North Carolina). 
p  <  0.05 (2-sided) was considered statistically sig-
nificant. p-Values were not adjusted for multiple 
comparisons as this was an exploratory study, and 
additional dedicated studies are needed to confirm 
the results [35].

RESULTS
Participants were predominantly middle-aged (mean 
51.0 [SD 12.1] years), female (70%), and college-
educated (69% at least a college degree; Table  1). 
The average BMI was 36.7 (SD 6.4) and the average 
SCL-20 score was 1.5 (SD 0.5), indicating moder-
ately severe obesity and depression.

Path a (X→M): intervention effect on target measures 
The intervention had a positive effect on physical ac-
tivity and total calorie intake at 6 months (Table 2). 
Compared with control participants, intervention 
participants significantly increased their leisure time 
physical activity by 201.3 (SD 1,457.6) MET min-
utes more per week (p = 0.02) and decreased total 
calorie intake by 337.4 (SD 818.3) kilocalories more 
per day (p = 0.02) from baseline to 6 months. These 
between-group differences were no longer significant 
by 12 months (Table 2). Between-group differences 
also were not significant for changes in daily energy 
expenditure, DASH score, daily servings of fruits and 
vegetables, fat intake, or any of the problem-solving 
measures from baseline to 6 or 12 months. 

Path b (M→Y): effect of target measures on outcomes 
Daily servings of fruits and vegetables were as-
sociated with a change in BMI and SCL-20 score 

(Figs.  2 and 3, Appendix). For every increase of 
daily serving of fruits and vegetables from baseline 
to 6 months, BMI from baseline to 12 months de-
creased by 0.4 (SD 0.2) units (p = 0.04). For every 
increase in daily servings of fruits and vegetables 
at 6 months, SCL-20 decreased by 0.09 (SD 0.04) 
points at 6 months (p = 0.03) and 0.11 (SD 0.05) 
points at 12 months (p = 0.03). At 12 months, how-
ever, an increase in servings of fruits and vegetables 
was associated with a decrease in SCL-20 in the con-
trol group only (−0.13 [SD 0.04], p < 0.001) given 
the interaction term estimate of 0.13 (SD 0.06, 
p = 0.003). Likewise, at 12 months, an increase in 
the DASH score was associated with a decrease in 
SCL-20 in the control group only (−0.13 [SD 0.04], 
p  =  0.001) given the interaction term estimate of 
0.14 (SD 0.06, p = 0.02). 

Changes in problem-solving overall, orientation, 
and style were not associated with changes in BMI 
with one exception (Fig.  2; Appendix). A  unit in-
crease in the avoidance style score was associated 
with a decrease of 0.31 (SD 0.13) BMI units (p = 0.02). 
Improvements in the overall problem-solving score 
as well as negative problem orientation and avoid-
ance style from baseline to 6 and 12 months were sig-
nificantly associated with improvements in SCL-20 
over the same time periods (Fig. 3; Appendix). For 
every one-point improvement in the SPSI-R:S score, 
the SCL-20 decreased by 0.13 (SD 0.05) points from 
baseline to 6 months (p = 0.004) and 0.14 (SD 0.04) 
points from baseline to 12 months (p = 0.002). One-
point improvements on the subscales of negative 
problem orientation and avoidance style from base-
line to 6 and 12 months were significantly associated 
with contemporaneous decreases in SCL-20 scores 
from baseline to 6 and 12 months in the range of 
0.11–0.13 points (p  <  0.01). Similarly, a one-point 
improvement in the impulsivity/carelessness style 
subscale from baseline to 6 months was associated 
with a 0.11 (SD 0.05) point improvement in SCL-
20 scores from baseline to 6 months (p = 0.02), yet 
there was no significant association by 12 months. 
Including change in antidepressant medication pre-
scription as a covariate did not change the results 
for the associations of target measures and SCL-20.

Additional mediation analyses
We examined the indirect effect for target measures 
that were significantly impacted by the intervention. 
The indirect effect of the change in leisure time phys-
ical activity and total calorie intake from baseline to 
6 months on change in BMI and SCL-20 from base-
line to 6  months and baseline to 12  months were 
not significant (data not shown). We also examined 
moderated mediation by the a priori moderators of 
age, sex, comorbidity severity, and antidepressant 
medication use at baseline and did not find evidence 
for moderation of the mediation effect of any of the 
target measures on the corresponding outcomes 
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(data not shown). Finally, among those who adhered 
to the intervention and those in the control group 
who were matched using a propensity score to es-
timate those in the control group who would have 
likely adhered if they had been assigned to the inter-
vention group, we did not find any significant medi-
ation of the intervention effect of any of the target 
measures on the corresponding outcomes (data not 
shown).

DISCUSSION
In this secondary analysis of the RAINBOW trial, 
we examined a priori hypothesized mediators, 
including physical activity, diet, and problem-
solving abilities of the benefit of the intervention on 
weight and depressive symptoms to support future 
translation. We did not find evidence of mediation 
of the effect of the intervention on either weight or 
depressive symptoms by these theory- and empiric-
ally based target measures. Nevertheless, the posi-
tive effect of the intervention on physical activity 
and total calorie intake from baseline to 6 months 
provides information that can inform optimization 
of the intervention. Similarly, associations of fruit 
and vegetable intake with weight and depressive 
symptoms as well as problem-solving abilities with 
depressive symptoms can contribute to intervention 
optimization. This is important for future translation 
into primary care because although the intervention 
resulted in significant improvements in weight and 
depressive symptoms at 12  months, the improve-
ments were modest and variable [10].

The reasons for our findings that the beneficial 
intervention effect was not mediated by the a priori 
identified lifestyle behaviors and cognitive func-
tioning may be related to measurement and selec-
tion of the mediators. In regard to measurement, it is 
possible that the mediators were not measured with 
adequate precision and validity and/or that they 
were not measured at adequate time intervals. The 
7-day physical activity recall and single multiple pass 
24-hour dietary recall may not have been able to ac-
curately capture the changes that participants made 
over the 12-month follow-up period to lose weight. 
Similarly, it is possible that the SPSI-R:S was not 
sensitive to the improvements in problem-solving 
skills that the participants achieved as a result of 
participating in the intervention. It is also possible 
that the measures of behaviors related to diet, phys-
ical activity, and problem-solving abilities at only a 
few discrete time points over 12 months and by self-
report were not able to capture the timing of changes 
associated with the intervention and with outcomes. 
Future trials can include additional, ecologically 
and temporally more precise and objective measure-
ments of diet, physical activity, and problem-solving 
to improve the ability to understand their mediating 
effects on intervention outcomes. In regard to selec-
tion of mediators, the intervention may have been 
mediated by factors other than those that we meas-
ured. For example, the effectiveness of the PEARLS 
intervention could be due to behavioral activation 
and/or changes in antidepressant medications. 
However, behavioral activation and antidepressant 
use (e.g., prescriptions filled, medications taken) 

Table 1 | Baseline characteristics by intervention group

Characteristic Overall (n = 409) Intervention (n = 204) Usual care (n = 205)

Age, years 51.0 (12.1) 50.9 (12.2) 51.0 (11.9)
Female, No. (%) 287 (70) 144 (71) 143 (70)
Race/ethnicity, No. (%)
 Non-Hispanic White 289 (71) 147 (72) 142 (69)
 African American 6 (1) 3 (1) 3 (1)
 Asian/Pacific Islander 40 (10) 20 (10) 20 (10)
 Hispanic 56 (14) 26 (13) 30 (15)
 Other 18 (4) 8 (4) 10 (5)
Education, No. (%)
 High school/GED or less 28 (7) 10 (4) 18 (9)
 Some college 98 (24) 51 (25) 47 (23)
 College graduate 150 (37) 78 (39) 72 (35)
 Post college 133 (32) 65 (32) 68 (33)
Annual family income, No. (%), n = 365
 <$75,000 93 (26) 46 (26) 47 (25)
 $75,000–<$150,000 117 (32) 54 (31) 63 (33)
 ≥$150,000 155 (42) 76 (43) 79 (42)
BMI 36.7 (6.4) 36.7 (6.9) 36.6 (5.8)
SCL-20 score 1.5 (0.5) 1.5 (0.5) 1.5 (0.6)
Values are mean (SD) unless otherwise noted.
BMI, body mass index; GED, general educational development; SCL-20, Depression Symptom Checklist-20.
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were not measured. Data on antidepressant medica-
tion use was limited to self-reported use at baseline 
and prescriptions from Electronic Health Record 
during the follow-up period. Future studies should 

include these measures and examine their mediating 
effect on outcomes.

Despite the fact that we did not find evidence 
of mediation, the findings can inform efforts to 

Table 2 | Models testing association between intervention and potential mediators

Outcome measures

Unadjusted estimates, mean (SD) Intervention differences

Intervention Usual Care Coefficient p Value

n = 205 n = 204 (95% CI)a  

Leisure time physical activity, MET minutes/weekb

 Baseline 758.6 (955.3) 668.1 (774.9)   
 Change from baseline to 6 months 201.3 (1,457.6) 9.7 (998.2) 276.5 (39.0, 513.9) 0.02
 Change from baseline to 12 months −72.7 (1,283.7) 9.6 (1,174.9) 17.4 (−233.7, 268.9) 0.89
Total energy expenditure, kilocalories /kg/dayc

 Baseline 33.4 (2.3) 33.4 (2.2)   
 Change from baseline to 6 months 0.4 (3.0) 0.1 (2.5) 0.3 (−0.3, 0.9) 0.30
 Change from baseline to 12 months −0.3 (2.8) −0.1 (2.7) −0.2 (−0.7, 0.4) 0.54
DASH scored

 Baseline 2.3 (1.3) 2.2 (1.3)   
 Change from baseline to 6 months −0.1 (1.6) 0.1 (1.7) −0.1 (−0.4, 0.2) 0.35
 Change from baseline to 12 months 0.1 (1.7) 0.2 (1.7) −0.1 (−0.4, 0.2) 0.42
Fruit and vegetable, servings/day
 Baseline 3.5 (3.2) 3.7 (3.7)   
 Change from baseline to 6 months −0.1 (3.9) 0.1 (4.3) −0.6 (−1.2, 0.1) 0.09
 Change from baseline to 12 months −0.0 (3.4) 0.1 (4.1) −0.2 (−0.8, 0.4) 0.54
Total calorie intake, Kilocalories/day
 Baseline 1,812.4 (791.8) 1,868.6 (792.3)   
 Change from baseline to 6 months −337.4 (818.3) −139 (832.3) −160.5 (−293.7, −27.3) 0.02
 Change from baseline to 12 months −228.1 (892.6) −262.6 (843.9) −12.5 (−129.4, 154.4) 0.86
Total fat, g/day
 Baseline 75.4 (44.3) 79.7 (41.5)   
 Change from baseline to 6 months −16.0 (48.2) −6.1 (49.3) −7.8 (−15.7, 0.2) 0.06
 Change from baseline to 12 months −13.0 (51.6) −11.3 (47.4) −3.3 (−11.6, 5.0) 0.43
Social Problem-solving Inventory-Revised Short Forme

 Baseline 11.9 (2.6) 11.8(2.6)   
 Change from baseline to 6 months 0.8 (2.0) 0.6 (1.7) 0.2 (−0.2, 0.7) 0.26
 Change from baseline to 12 months 0.8 (2.2) 0.9 (2.0) −0.04 (−0.5, 0.4) 0.86
Positive Problem Orientationf

 Baseline 10.1 (4.1) 9.4 (4.5)   
 Change from baseline to 6 months 1.3 (3.8) 0.9 (4.3) 0.7 (−0.1, 1.6) 0.10
 Change from baseline to 12 months 1.3 (4.0) 1.7 (3.8) 0.0 (−0.8, 0.8) 0.99
Negative Problem Orientationf

 Baseline 8.6 (3.6) 8.5 (3.7)   
 Change from baseline to 6 months −0.9 (3.4) −0.8 (3.3) −0.2 (−0.8, 0.5) 0.61
 Change from baseline to 12 months −1.1 (3.2) −0.9 (2.9) −0.3 (−0.9, 0.2) 0.25
Rational Problem-solving styleg

 Baseline 9.6 (4.5) 9.4 (4.2)   
 Change from baseline to 6 months 1.0 (3.9) 0.7 (3.5) 0.4 (−0.4, 1.1) 0.42
 Change from baseline to 12 months 0.7 (3.9) 1.2 (4.0) −0.4 (−1.3, 0.5) 0.45
Impulsivity/carelessness styleg

 Baseline 4.4 (3.6) 4.3 (3.4)   
 Change from baseline to 6 months −0.1 (3.3) −0.3 (3.0) 0.3 (−0.3, 0.9) 0.32
 Change from baseline to 12 months −0.3 (3.3) −0.1 (2.8) 0.0 (−0.6, 0.7) 0.90
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optimize the intervention and translate the interven-
tion into practice. The intervention had a positive 
effect on diet (total calorie intake) and physical ac-
tivity (leisure time physical activity) relative to the 
control group at 6 months but not 12 months. This 
appeared to be due, at least in part, to a lack of main-
tenance of these behaviors in the second 6 months 
of the intervention. Other studies of behavioral 
obesity interventions have also documented chal-
lenges with behavior maintenance in the second 
6 months [36–38]. Given that the strategies to sup-
port behavior adoption and behavior maintenance 
are distinct, the intervention could increase focus 
on the skills that support maintenance [39, 40]. 
For example, overcoming relapses is an important 
skill for maintaining successful behavior change. 
Additionally, given that the intervention was de-
signed with a decrease in direct participant contact 
in the second 6 months, as in the majority of behav-
ioral lifestyle interventions, the intervention could 
incorporate feasible strategies to support continued 
contact for successful maintenance of behavior 
changes. Technology-mediated strategies via mobile 
applications and text messages may be feasible for 
continued contact. Increasing focus on behavioral 
maintenance and identifying feasible approaches for 
continued participant contact will be critical for sup-
porting translation in primary care.

Other strategies for intervention optimization 
based on our findings relate to fruit and vege-
table consumption and problem-solving abilities. 
Increases in daily servings of fruits and vegetables 
at 6  months were associated with improvements 

in weight at 12  months and depressive symptoms 
at 6 and 12  months in both treatment groups. 
Thus, to optimize effectiveness, the intervention 
could emphasize the importance of fruit and vege-
table consumption for improving both health out-
comes. While interventions targeting weight loss 
typically focus on nutrition, this is less common 
for interventions targeting depression. In addition, 
the contemporaneous associations of changes in 
problem-solving abilities with changes in SCL-20 
scores over 6 and 12 months underscore the import-
ance of using problem-solving therapy for treating 
depressive symptoms. Other studies have also shown 
that patients with lower problems solving abilities 
as well as maladaptive problem orientations and 
problem-solving styles tend to have higher levels 
of depressive symptoms [41–43]. To augment the 
effectiveness of problem-solving therapy, the inter-
vention could incorporate alternative or additional 
emotion regulation strategies. Future research can 
examine the effectiveness of these strategies to aug-
ment intervention, which will be important for trans-
lation into primary care.

Several notable weaknesses may have limited our 
findings. As noted, measurement error of the hy-
pothesized mediators may have limited our ability 
to detect significant mediation if it was indeed pre-
sent. Measurement of diet and physical activity re-
lies on individual’s ability to recall, which may have 
differed by group—it is possible that participants 
randomized to the intervention may recall their diet 
and physical activity more accurately compared 
to those randomized to usual care given that the 

Outcome measures

Unadjusted estimates, mean (SD) Intervention differences

Intervention Usual Care Coefficient p Value

n = 205 n = 204 (95% CI)a  

Avoidance styleg 
 Baseline 6.8 (4.6) 6.9 (4.5)   
 Change from baseline to 6 months −0.7 (3.4) −0.6 (3.7) −0.3 (−1.0, 0.4) 0.37
 Change from baseline to 12 months −0.6 (3.7) −1.0 (4.0) 0.2 (−0.6, 1.0) 0.64
CI, confidence interval; DASH, Dietary Approaches to Stop Hypertension; MET, metabolic equivalent.
aAdjusted analysis for intervention versus usual care: adjusted coefficient (linear mixed model) and 95% CI. Mixed effect models accounting for primary care provider and 
repeated measure random effects were adjusted for baseline value of the outcome of interest, study site, sex, age, race/ethnicity, education, and therapeutic class of anti-
depressant medication taken, number of hospitalizations. Baseline data are mean (SD) scores, mean (95% CI) difference, and P value for the mean difference, derived from 
baseline t test differences without covariates.
bPhysical activity levels were measured by the interview-administered Stanford 7-day Physical Activity Recall. Leisure-time physical activity = non–work-related moderate 
activity min/wk × 4 METs + hard activity min/wk × 6 METs + very hard activity min/wk × 10 METs. One MET is defined as the energy expenditure for sitting quietly.
cThe Stanford 7-day Physical Activity Recall data also provided estimates of total daily energy expenditures. Total energy expenditure = sleep hours × 1 MET + light activity 
hours × 1.5 METs + moderate activity hours × 4 METs + hard activity hours × 6 METs + very hard activity hours × 10 METs.
dDASH scores were calculated based on combining nine nutrient targets (i.e., total fat, saturated fat, protein, cholesterol, fiber, magnesium, calcium, sodium and potassium). 
The intermediate target of each nutrient was half-way between the DASH target and population mean (based on the National Health and Nutrition Examination Surveys 
2007–2008, latest data available at the inception of this study). For a nutrient, participants reaching the DASH target were assigned one point, those reaching the inter-
mediate target were assigned a half-point, and those not meeting the intermediate target were given 0 points. The DASH score was the sum of points for all nine nutrients.
eAn increase in the composite score indicates an improvement in problem-solving skills.
fPositive and negative problem orientation were used to measure problem-solving orientation. An increased score for positive problem orientation is an improvement; while 
an increased score for negative problem orientation is a worsening.
gThree problem-solving styles: An increase in the rationale problem-solving style score is an improvement; while for the other two styles, an increase in the score is a 
worsening.

Table 2 | Continued
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intervention recommended self-tracking of these 
behaviors. Thus, for example, if those randomized 
to usual care tended to overestimate their consump-
tion of healthy foods and amount of physical activity 
and underestimate their consumption of unhealthy 

foods, this could result in an overestimate of im-
provements in the control group, an underestimate 
of the intervention effect on the hypothesized medi-
ators, and an underestimate of the mediator effect on 
weight. Additionally, mediation may vary according 

A
Interven�on: black, control: grey

a). β for main effect: -0.31 (0.13), p=0.02 b). β for main effect: -0.40 (0.20), p=0.04

B
Interven�on: black, control: grey

a). β for main effect: -0.09 (0.04), p=0.03 b). β for main effect: -0.11 (0.05), p=0.03 c). β for main effect: -0.13 (0.04), p<0.001; 
Interac�on: 0.13 (0.06), p=0.03
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Fig. 2 | (A) Behavior variables BMI. (B) Behavior variables SCL-20

Interven�on: black, control: grey
a). β for main effect: -0.13 (0.05), p=0.004 b). β for main effect: 0.12 (0.04), p=0.006 c). β for main effect: 0.11 (0.04), p=0.006
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to specific subgroups such as age, sex, obesity and/or 
depression severity, and antidepressant medication 
use. Although we examined moderated mediation, 
it remains possible that we lacked sufficient power 
to detect significant mediation in these smaller sub-
groups. Finally, findings may not be generalizable 
to more diverse populations given that participants 
were primarily white and college educated. 

Despite these limitations, this study has several 
strengths that enabled a thorough analysis of poten-
tial mediators of the integrated collaborative care 
intervention for comorbid obesity and depressive 
symptoms to inform intervention optimization and 
support future translation into primary care. We 
used validated measures of diet, physical activity, and 
problem-solving abilities as well as blinded assessment 
of outcomes. Although we did not detect significant 
mediation of the intervention effect by our a priori hy-
pothesized mediators, the findings provide evidence 
that can be used to optimize the intervention prior to 
translating into primary care practice. Future research 
can examine the effectiveness of the strategies identi-
fied to optimize the integrated collaborative care inter-
vention. Additionally, future research to understand 
behavioral mediators of an integrated intervention for 
obesity and depression can improve measurement of 

the mediators and increase sample size to allow for in-
creased power for moderated mediation analysis.
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