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OBJECTIVE

We estimated the cost-effectiveness of the Program ACTIVE (Adults Coming
Together to Increase Vital Exercise) II community-based exercise (EXER), cognitive
behavioral therapy (CBT), and EXER1CBT interventions in adults with type 2
diabetes and depression relative to usual care (UC) and each other.

RESEARCH DESIGN AND METHODS

Data were integrated into the Michigan Model for Diabetes to estimate cost and
health outcomes over a 10-year simulation time horizon from the health care sector
and societal perspectives, discounting costs and benefits at 3% annually. Primary
outcome was cost per quality-adjusted life-year (QALY) gained.

RESULTS

From the health care sector perspective, the EXER intervention strategy saved $313
(USD) per patient and produced 0.38more QALY (cost saving), the CBT intervention
strategy cost $596 more and gained 0.29 more QALY ($2,058/QALY), and the
EXER1CBT intervention strategy cost $403more and gained 0.69moreQALY ($585/
QALY) compared with UC. Both EXER and EXER1CBT interventions dominated the
CBT intervention. Compared with EXER, the EXER1CBT intervention strategy cost
$716 more and gained 0.31 more QALY ($2,323/QALY). From the societal per-
spective, compared with UC, the EXER intervention strategy saved $126 (cost
saving), the CBT intervention strategy cost $2,838/QALY, and the EXER1CBT
intervention strategy cost $1,167/QALY. Both EXER and EXER1CBT interventions
still dominated the CBT intervention. In comparison with EXER, the EXER1CBT
intervention strategy cost $3,021/QALY. Resultswere robust in sensitivity analyses.

CONCLUSIONS

All three Program ACTIVE II interventions represented a good value for money
compared with UC. The EXER1CBT intervention was highly cost-effective or cost
saving compared with the CBT or EXER interventions.

The personal and economic burden of type 2 diabetes is considerable and growing
worldwide. More than 34.1 million adults in the U.S. have diabetes (1), resulting in
annual costs exceeding $327 billion (2). Low-income urban and rural areas bear a
disproportionate burden of theU.S. type 2 diabetes epidemic (1). Patients with type 2
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diabetes are two times more likely to
experience depressive symptoms than
their peers without diabetes, with one
in four patients reporting elevated de-
pressive symptoms and 11.4% meeting
criteria for major depressive disorder
(MDD) (3). Depressive symptoms are
associatedwithworse diabetes outcomes
including higher blood glucose levels,
greater rates and severity of diabetes
complications (4), decreased adherence
todiabetes care regimens, increased func-
tional disability, decreased quality of life
(QoL), and earlier all-cause mortality (5).
Multiple studies havedocumented the

considerable medical costs and associ-
ated decrements in QoL for patients with
depression (6–9) and type 2 diabetes
(10,11), as individual disease states
and comorbid conditions (12–14). In
the general population, the cognitive
behavioral therapy (CBT) (15), exercise
(16), and antidepressant (17) interven-
tions have been widely demonstrated to
be effective treatments for depression,
and a recent decision-analytic modeling
analysis (18) showed that over a 5-year
simulation time horizon, CBT versus the
second-generation antidepressant treat-
ment could be cost-effective or even cost
saving as the initial treatment of depres-
sion for adults with newly diagnosed
MDD. However, only randomized con-
trolled behavioral intervention trials us-
ing the Collaborative Caremodel tailored
for the treatments of depression and type 2
diabetes have studied the cost-effectiveness
of these interventions (14,19,20). More-
over, many patients in rural and under-
served communities lack access to health
care systems offering collaborative care,
depending instead on community-based
programs to extend access to the de-
pression treatment. To date, no studies
have evaluated the comparative cost-
effectiveness of community-basedbehav-
ioral interventions for treating depression
among patients with type 2 diabetes.
Program ACTIVE (Adults Coming To-

gether to Increase Vital Exercise) II was a
multicenter repeated-measures random-
ized controlled trial conducted in three
U.S. states including Ohio, West Virginia,
and Indiana (21,22). The study used a
community-engaged research approach
in which community organizations par-
ticipated in recruitment, intervention
implementation, and dissemination of
findings. The study protocol was ap-
proved by the institutional review boards

of IndianaUniversity, Ohio University, and
West Virginia University. The study design
and outcomes have previously been pub-
lished (21–23). Overall, Program ACTIVE II
(22) demonstrated that compared with
usual care (UC), the community-based
exercise (EXER), and CBT interventions
delivered individually (EXER alone or
CBT alone) and concurrently (EXER1CBT)
resulted in significant improvements in
depression, diabetes distress, or car-
diometabolic outcomes among rural
and urban adults with type 2 diabetes
and MDD.

Based on results of Program ACTIVE II
(22), we extended the analyses with a
computer simulation model to estimate
the longer-term costs and health out-
comes and to assess the longer-term
cost-effectiveness of the community-
based EXER and CBT interventions de-
livered individually (EXER alone or CBT
alone) and in combination (EXER1CBT) to
treatMDDinadultswithtype2diabetes in
comparison with UC and with each other.

RESEARCH DESIGN AND METHODS

Program ACTIVE II
InProgramACTIVE II (22), thecomparative
effectiveness of the community-based
EXER, CBT, and EXER1CBT interventions
relative to UCwas assessed in a sample of
140 adults with type 2 diabetes who met
the DSM-IV, Text Revision (DSM-IV-TR),
criteria for MDD at the baseline assess-
ment time point. Participants were fol-
lowed over a total of 15 months’ follow-
up, including a 3-month intervention
period followed by a 12-month follow-up
assessment period. The DSM-IV-TR crite-
ria for MDD include depressed mood and/
or a loss of interest or pleasure in daily
activities for at least 2 weeks and at least
five of nine specific symptoms (e.g.,
hypo-/hypersomnia, changes in appetite
or weight, fatigue, decrements to con-
centration, psychomotor retardation or
agitation, feelings of worthlessness or
excessive guilt, and suicidal ideation, in-
tent, or plan) that cause clinically signif-
icant impairment in social, work, or other
important areas of functioning nearly
every day. At baseline, the mean age
of the study population was 56 years,
diabetes duration 12 years, HbA1c 7.9%,
and BMI 37 kg/m2; 77% of the study
population was female and 71% White.

At the postintervention assessment
visit (3 months after randomization),
all three active intervention groups

showed significant remission rates of
MDD in comparison with UC. The EX-
ER1CBT group showed a significant im-
provement in HbA1c in comparison with
UC. Specifically, in the whole study co-
hort, theEXER1CBTgroup showeda0.4%
improvement in HbA1c (P 5 0.016) after
adjustment for baseline education status,
baseline HbA1c levels, and postinterven-
tion changes in glycemic control medica-
tions in comparison with UC at the
postintervention assessment visit. An ex-
ploratory subgroup analysis for the ma-
jority subsample of participants with
clinically elevated baseline HbA1c values
$7.0% at baseline revealed that the
EXER1CBTgrouphada1.1%improvement
in HbA1c (P, 0.0001) in comparison with
UC at the postintervention assessment
visit, and the improvement persisted
through the 15-month follow-up assess-
ment visit after randomization. Moreover,
comparedwithUCat thepostintervention
assessment visit, participants in all three
active intervention groups showed greater
improvements in depressive symptoms (P
,0.05), negative automatic thoughts (P,
0.05), and diabetes-related distress (P ,
0.01) and those in theEXERandEXER1CBT
groups showed significant improvements
in physical QoL (P , 0.05) and diabetes-
specific QoL (P , 0.01).

Simulation Model
We used a validated microsimulation
model for type 2 diabetes, the Michigan
Model for Diabetes (MMD), version 2.0,
to simulate the longer-term cost-
effectiveness of the EXER, CBT, and EXER1
CBT interventions compared with UC and
with each other. Disease progression in
the MMD is based on six discrete-time
discrete-event submodels that simulate
diabetes-related complications (coronary
heart disease, cerebrovascular disease,
retinopathy, nephropathy, and neuropa-
thy) and death. Transition probabilities in
these submodels are functions of individ-
ual characteristics, risk factor levels, and
current disease and treatment states. The
model also estimates the costs of diabe-
tes and its complications and the health-
relatedQoL associatedwith health states.
Details of theMMD have previously been
published (24–29).

Simulation Population Characteristics
and Modeled Health Outcomes
We incorporated empirical information
about the characteristics of the Program
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ACTIVE II trial participants and the ef-
fectiveness of the trial interventions into
the MMD. The time horizon for the
simulation began at the end of the follow-
up in Program ACTIVE II, i.e., 15 months
after randomization. For risk factors (i.e.,
HbA1c, systolic blood pressure [SBP], and
lipids) and health utilities that had within-
or between-group differences, the inter-
vention group–specific summary statistics
at 15 months after randomization were
used as the initial simulation population
characteristics. For other variables (e.g.,
BMI, diastolic blood pressure) that did not
have within- or between-group differen-
ces, the summary statistics based on the
pooled population at 15 months after
randomization were used for the model
simulation (Supplementary Table 1).
Continuous measures at 15 months

following randomization were simulated
with a Gaussian distribution with the
given mean (median) and SD but trun-
cated at 3 SDs. Height and weight were
simulated with a correlation of 0.51. SBP
and diastolic blood pressure were sim-
ulated with a correlation of 0.82 (29).
Highly skewed distributions such as
HbA1c and triglyceride levels were sim-
ulated using log normal distributions.
To evaluate the long-term effective-

ness and cost-effectiveness of the inter-
ventions, we estimated the incidence of
clinical outcomes, life expectancy, and
quality-adjusted life expectancy (QALE).
The seven clinical outcomes included
three-point major adverse cardiovascu-
lar event (MACE) (including nonfatal
myocardial infarction [MI], nonfatal
stroke, or cardiovascular death), fatal
or nonfatal MI, fatal or nonfatal stroke,
coronary revascularization procedures,
hospitalization for heart failure, death
fromcardiovascular causes, andall-cause
mortality.

Intervention-Related Costs and
Outcome Costs
We considered both the intervention-
related costs and the outcome costs in the
cost-effectiveness analyses. To estimate
intervention-related costs (Supplemen-
tary Table 2), we included the costs of 1)
implementing the CBT and EXER inter-
ventions by CBT therapists and exercise
trainers, 2) passes/memberships to fit-
ness facilities provided for participants in
the EXER and EXER1CBT intervention
groups, and 3) participant time spent on
participation in CBT and EXER sessions.

Moreover, we recognized that either by
causing side effects or by improving
health, the Program ACTIVE II interven-
tions might affect the resource use and
cost of medical care outside the study. To
estimate the medical costs of care in-
curred or averted by the Program ACTIVE
II interventions during the 15-month trial
for each of the four intervention groups,
we surveyed participants and estimated
the cost of using outpatient, urgent care,
emergency room, and hospitalization
services; laboratory testing; and self-
monitoring of blood glucose. Taken to-
gether, these costs were summed to
derive the total intervention-related costs.
In consideration of these costs in the for-
mal health care sector, the per-participant
intervention-related costs were $1,615,
$1,346, $1,757, and $1,736 for the UC,
EXER, CBT, and EXER1CBT groups, re-
spectively, over15months.As recommended
bytheSecondPanelonCost-Effectiveness in
Health and Medicine (30), resources and
costs for the purpose of cost-effectiveness
analysis in health and medicine can be
categorized as those that fall within
the formal health care sector and those
that fall outside of it, the latter including
the informal health care sector. Costs
within the informal health care sector
include time costs of patients in seeking
and receiving health care, time costs of
informal (unpaid) caregivers in caring for
patients, or transportation costs. In fur-
ther consideration of the costs in both
the formal health care sector and the
informal health care sector (e.g., costs
of patient time spent on participation in
CBT and EXER sessions), the per-participant
intervention-related costs over 15 months
were $1,615, $1,532, $1,983, and $2,138
for the UC, EXER, CBT, and EXER1CBT
groups, respectively (Supplementary
Table 2).

Outcome costs refer to the direct
medical costs of type 2 diabetes and
its complications. The MMD incorporates
a cost module to estimate outcome costs
based on the published literature. Costs
were assessed according to sex, BMI,
glucose-lowering therapy, and diabetes-
related complications. The costs of com-
plications were estimated as the cost
incurred during the 1st year that a com-
plication occurred (event cost) and the
cost in each subsequent year after the
complicationoccurred (ongoing cost).We
also considered the costs of death. All
costs were expressed in 2014 U.S. dollars.

Health Utilities
Health utility scores are a measure of
health-related QoL, in which perfect
health is assigned a value of 1.0 and death
is assigned a value of 0.0. In economic
analyses, the health utility score for each
health state is multiplied by the time a
subject spends in that health state. These
arethensummedtocalculate theQALE,as
expressed in quality-adjusted life-years
(QALYs), which is accrued over a specified
period of time. The MMD incorporates a
health utility module to calculate yearly
and cumulative QALYs based on subjects’
demographic, glucose-lowering therapy,
and complication and comorbidity status.

Base-Case and Sensitivity Analyses
In the base-case analysis, we assumed
that no additional interventions were
implemented after the end of the
follow-up in Program ACTIVE II (i.e.,
15 months after randomization) and
that the intervention effects observed
at 15 months of the trial diminished over
the simulation time horizon. Under this
scenario, intervention-related costs only
include the costs incurred over the
15-month trial period. We projected
trajectories of HbA1c, blood pressure,
and lipids after 15 months according
to the equations derived from the UK
Prospective Diabetes Study Outcomes
Model (UKPDS-OM) (31), which demon-
strated gradual convergence of each risk
factor as the treatment effects wore off.
We assessed the cumulative incidence of
diabetes complications, life expectancy,
costs, and QALYs over 10 years of the
simulation time horizon. We then esti-
mated the 10-year cost-effectiveness of
interventions by calculating the incre-
mental cost-effectiveness ratios (ICERs)
as incremental total costs divided by
incremental QALYs. In these analyses,
following the recommendations of the
Second Panel on Cost-Effectiveness in
Health and Medicine (30), we adopted
a health care sector perspective for con-
sideration of formal health care sector
medical costs (i.e., the intervention-
related and outcome costs) borne by
third-party payers. The impact inventory
for components considered in the cost-
effectiveness analyses is provided in Sup-
plementary Table 3.

In sensitivity analyses, we first as-
sessed the 10-year cost-effectiveness
of interventions from a societal perspec-
tive by including both formal and informal
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health care sector medical costs. Then, we
ran the MMD simulation for 5 years to
assess the shorter-term cost-effectiveness
of interventions from a health care sector
perspective. Third, we assumed that the
interventioneffectsobservedat15months
persisted over the simulation time horizon
and the levels of risk factors (i.e., HbA1c,
blood pressure, and lipids) for predicting

diabetes complications did not change over
time, and then we assessed the 10-year
cost-effectiveness of interventions from
a health care sector perspective. Last, we
assessed the effects of increasing the
intervention-related costs on the 10-year
cost-effectiveness of interventions from
a health care sector perspective. Specif-
ically,we recalculated the costs of theEXER,

CBT, and EXER1CBT interventions, assum-
ing that there was a 400% increase of the
fee for passes/memberships to fitness
facilities, a 50% increase of the hourly
rate for CBT therapists, and a 50% increase
of the hourly rate for exercise trainers.

In all analyses, we simulated 3,000
individuals for each of the four interven-
tion groups and repeated the simulations
1,000 times. Results from the simulation
of the four intervention groups were
evaluated with SAS (SAS Institute, Cary,
NC).We assessed the cost-effectiveness of
interventions by calculating the ICERs of
the three interventions (EXER, CBT, and
EXER1CBT) relative to UC and to each
other. We discounted both costs and
QALYs at 3% per year.

RESULTS

Population Characteristics
Supplementary Table 1 shows the char-
acteristics of the four study groups at the
end of the 15-month trial and the char-
acteristics of the four simulatedgroups at
the initiation of the model simulation.
The simulated population of adults with
type 2 diabetes and depression reflected
the pooled sample means from the four
trial groups. The mean age of the sim-
ulated population was 57.3 years, 24%
were male, 70.7% were White, mean
type 2 diabetes duration was 13.3 years,
and mean BMI was 36.6 kg/m2. At the
end of the trial, the UC group had the
highest HbA1c, total cholesterol (TC), HDL
cholesterol (HDLc), and LDL cholesterol;
the EXER group had the lowest TC, HDLc,
LDL cholesterol, and SBP; and the EX-
ER1CBT group had the lowest HbA1c but
the highest SBP. The UC group had the
lowest health utility score, while the
EXER1CBT group had the highest health
utility score. Figure 1 shows the gradual
convergence of risk factors for diabetes
progression over the simulation period in
thebase-case analysis scenario. Themag-
nitude of the difference in risk factors
among the four intervention groups be-
comes smaller over time.

Health Outcomes
Table 1 summarizes the simulated
10-year cumulative incidence of diabetes
complications by intervention group. In
the base-case analysis scenario in which
we modeled diminishing intervention
effects over time, clinical outcomes
were generally best for the EXER1CBT
or EXER groups and worse for the CBT and

Figure 1—Simulated risk factor trajectories for the scenario assuming thediminishing intervention
effects after the end of Program ACTIVE II and over the simulation period.
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UC groups. For instance, the cumulative
incidence of cardiovascular death was
lower and similar in the EXER1CBT
(9.00%) and EXER (8.99%) groups but
higher in the CBT (9.16%) and UC
(9.02%) groups. In the sensitivity analysis
scenario in which wemodeled persistent
interventioneffectsover time, ingeneral,
clinical outcomes were best for the EX-
ER1CBT group and worst for the CBT
group. For example, the cumulative in-
cidence of three-point MACE was lowest
in the EXER1CBT group (11.3%), followed
by the EXER (12.2%), UC (12.2%), and CBT
(12.9%) groups.

Base-Case Analyses
Table 2 summarizes the simulated cost-
effectiveness outcomes for the base-case
analysis of comparing the EXER, CBT, and
EXER1CBT interventions with the UC in-
tervention. Over a 10-year period, the
EXER1CBT intervention was associated
with the longest QALE (5.355 QALYs). The
EXER intervention resulted in the lowest
total costs over 10 years ($75,714). Com-
paredwithwithUC, the EXER intervention
cost $313 less, resulted in a gain of 0.382
QALY, andwas cost saving. Thus, the EXER
intervention dominated the UC interven-
tion. Compared with UC, the CBT inter-
vention cost $596more and gained 0.290
moreQALY, leading toan ICERof;$2,100
per QALY gained, and EXER1CBT cost
$403 more and gained 0.690 more
QALY, resulting in an ICER of ;$600 per
QALY gained. Supplementary Table 4 sum-
marizes the simulated cost-effectiveness
outcomes for the base-case analysis
of comparison among the EXER, CBT,
and EXER1CBT interventions. Compared
with the CBT intervention, EXER and

EXER1CBT cost $908 and $192 less
and gained 0.092 and 0.401 more QALY,
respectively. Therefore, both the EXER
and EXER1CBT interventions were cost
saving and dominated the CBT interven-
tion. Compared with EXER, EXER1CBT
cost $716 more and gained 0.308 more
QALY, leading to an ICER of;$2,300 per
QALY gained.

Sensitivity Analyses
We used sensitivity analyses to assess
the effects of the analytic perspective,
simulation time horizon, and plausible
changes in intervention effectiveness
and costs on the cost-effectiveness of
the Program ACTIVE II interventions
(Table 3 and Supplementary Table 4).
Whenasocietal perspectivewasadopted
to also include informal health care sec-
tor costs, the ICER of the EXER1CBT
intervention versus the UC and EXER
interventions increased to ;$1,200
and $3,000 per QALY gained, respec-
tively. Adopting a societal perspective
had little effect on the cost-effectiveness
of the EXER and CBT interventions versus
the UC intervention and that of the EXER
and EXER1CBT interventions versus the
CBT intervention. Adopting a shorter
simulation time horizon (5 years) had
little effect on the cost-effectiveness of
the EXER, CBT, and EXER1CBT interven-
tions versus the UC intervention. Both
the EXER and EXER1CBT interventions
still dominated the CBT intervention
over a 5-year simulation time horizon,
while the ICER of the EXER1CBT inter-
vention versus the EXER intervention
increased to ;$3,500 per QALY gained.

When we assumed that the interven-
tion effects observed at 15 months

persisted over 10 years, compared
with the UC intervention, the EXER in-
tervention was still cost saving, while the
CBT intervention produced an increased
ICER to;$4,800perQALYgainedand the
EXER1CBT intervention became cost
saving. Both the EXER and EXER1CBT
interventions still dominated the CBT
intervention, and the EXER1CBT inter-
vention would dominate the EXER
intervention. Increasing the intervention-
related costs increased the ICERs. Com-
pared with the UC intervention, the ICER
of the EXER, CBT, and EXER1CBT inter-
ventions would increase up to ;$800,
$3,300, and $2,000 per QALY gained,
respectively. Compared with the CBT
intervention, the EXER intervention
was still cost saving, while the ICER for
the EXER1CBT intervention could in-
crease up to ;$1,100 per QALY gained.
Compared with the EXER intervention,
the ICER for the EXER1CBT intervention
could increase up to ;$3,500 per QALY
gained.

CONCLUSIONS

Type 2 diabetes with comorbid depres-
sion is common, but access to treatment
remains limited. This is the first study to
examine the comparative cost-effective-
nessof twocommunity-basedbehavioral
treatment strategies, EXER and CBT, for
depression and type 2 diabetes using the
community fitness and mental health
partnerswhoprovided the interventions.
In Program ACTIVE II (22), we observed
significant improvements in depression
in all three active intervention groups
comparedwithUC. TheEXER1CBTgroup
showed a significant improvement in
HbA1c compared with UC. While prior

Table 1—Cumulative incidence of complications when the intervention effects diminish or persist over 10 years of the
simulation time horizon by intervention group

Scenario with the diminishing intervention effects* Scenario with the persistent intervention effects†

UC EXER CBT EXER1CBT UC EXER CBT EXER1CBT

MI 6.15 (0.36) 6.17 (0.35) 6.15 (0.35) 6.03 (0.33) 4.80 (0.31) 4.97 (0.30) 4.88 (0.31) 4.64 (0.29)

Stroke 6.49 (0.34) 6.45 (0.34) 6.67 (0.34) 6.61 (0.35) 4.92 (0.31) 4.70 (0.31) 5.51 (0.32) 4.49 (0.29)

Cardiovascular death 9.02 (0.39) 8.99 (0.40) 9.16 (0.40) 9.00 (0.40) 6.92 (0.35) 6.92 (0.37) 7.37 (0.36) 6.11 (0.34)

Three-point MACE 15.7 (0.52) 15.7 (0.53) 15.9 (0.50) 15.7 (0.51) 12.2 (0.46) 12.2 (0.46) 12.9 (0.47) 11.3 (0.45)

Revascularization procedure 13.9 (0.49) 14.0 (0.51) 13.9 (0.48) 13.7 (0.48) 11.1 (0.44) 11.5 (0.45) 11.2 (0.44) 10.8 (0.43)

Congestive heart failure 24.2 (0.60) 24.1 (0.60) 24.5 (0.61) 24.6 (0.62) 21.0 (0.57) 21.1 (0.57) 21.9 (0.55) 13.6 (0.48)

All-cause death 17.1 (0.51) 17.1 (0.53) 17.2 (0.52) 17.1 (0.52) 15.1 (0.50) 15.1 (0.50) 15.5 (0.49) 14.3 (0.48)

Data are% (SD). *Weused theUKPDS-OM risk equations to project gradual convergence trajectories of the postintervention levels of all risk factors for
diabetes complications (i.e., HbA1c, SBP, and lipid ratio [TC divided by HDLc]) as the treatment effect wears off over the simulation time horizon. †We
assumedthat thepostintervention levelsofall risk factors fordiabetescomplications (i.e.,HbA1c, SBP,and lipid ratio [TCdividedbyHDLc])didnotchange
over the simulation time horizon.
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trials tested individual interventions
(32–34), this trial demonstrated that the
EXER alone, CBT alone, and combination
therapy (EXER1CBT) interventions were
comparable in improvingMDDdiagnosis in
anunderserved type2diabetespopulation
drawn from both rural and urban regions.
These findings demonstrate that depres-
sion and hyperglycemia can be effectively
controlled in adults with type 2 diabetes
with MDD by use of multiple behavioral
strategies.
In the current study, the cost-

effectiveness analyses of the Program
ACTIVE II interventions demonstrated
that from the health care sector perspec-
tive over a 10-year simulation time ho-
rizon, the EXER, CBT, and EXER1CBT
interventions were either cost saving
(;$300 less) or highly cost-effective
(less than;$2,100 per QALY gained) rel-
ative to the UC intervention, the EXER
and EXER1CBT interventions were cost
saving (;$190 to $900 less) relative to
the CBT intervention, and the EXER1CBT
intervention was highly cost-effective
(less than ;$2,400 per QALY gained)
compared with the EXER intervention.
The results were robust in the analyses
froma societal perspective and in several
sensitivity analyses.
There are no absolute criteria for cost-

effectiveness in the U.S., and the long-
cited benchmark of $50,000 per QALY
gained for an intervention to be deemed
cost-effective is largely unsupported
(35). Nevertheless, in general, interven-
tions costing,$20,000 per QALY gained
may be considered to have strong
evidence for adoption, those costing

$20,000–$100,000 per QALY gained to
have moderate evidence for adoption,
and those.$100,000perQALY gained to
have weaker evidence for adoption (36).
Recently, it has been suggested that a
threshold of $100,000 or $150,000 per
QALY gainedmay better reflect themod-
ern U.S. health care environment (37)
and represent good value for money.

Three randomized controlled behav-
ioral intervention trials tailored for the
treatment of MDD among patients with
type 2 diabetes using the Collaborative
Care model have assessed the cost-
effectiveness of the interventions (14,19,20).
In thePathways StudybySimonet al. (14),
the systematic depression intervention
program with a combination of the struc-
tured antidepressant pharmacotherapy
program, problem-solving treatment psy-
chotherapy, and specialty mental health
consultation was integrated within pri-
mary care clinics to treat depression in
adults with diabetes for 12 months com-
pared with UC. They reported that over a
24-month follow-up period, the interven-
tion produced a lower average outpatient
health services cost of $314 per patient
relative to UC, but they did not report the
intervention impact on QALYs. In the
TEAMcare study by Katon et al. (19),
the nurse care manager–led multicondi-
tion collaborative care intervention pro-
gram,whichwas aimed to improvedisease
control of depression, diabetes, hyperten-
sion, and dyslipidemia, was added to the
primary care team for the systematicman-
agement of adults with depression and
elevated HbA1c or coronary heart disease
for 12 months compared with UC. They

reported that over a 24-month follow-up
period, the intervention that produced a
lowermean outpatient health cost of $594
and a gain of 0.335 additional QALY per
patient was cost saving relative to UC. In
another study by Hay et al. (20), the
socioculturally adapted Multifaceted Dia-
betes and Depression Program (MDDP),
which was aimed at increasing patient
exposure to evidence-based depression
psychotherapy and/or pharmacotherapy,
was integrated within public safety net
clinics to manage depression among low-
income, predominantly Hispanic patients
with diabetes for 12 months compared
with UC. They reported that over an
18-month follow-up period, the MDDP
intervention relative to UC cost $515
more and gained 0.13 more QALY, leading
to an ICER of ;$4,000 per QALY gained.

Comparison of the cost-effectiveness
results between our study and previous
studies could not be made directly and
must take into account significant dis-
crepancies in the nature of study pop-
ulations, context of study interventions
and their deliveries, intervention and
follow-up periods, and analytical design,
approaches, and assumptions. For in-
stance, participants in Program ACTIVE
II had overall higher depression severity,
meeting the full criteria for MDD per
DSM-IV-TR criteria (38) at baseline com-
pared with those with the elevated de-
pressive symptoms measured using a
self-report questionnaire. The Program
ACTIVE II interventions were delivered
in community settings with providers
drawn frommultiple health care systems
and practice settings compared with the

Table 2—Base-case analysis from the health care sector perspective for the 10-year simulation cost-effectiveness*

UC EXER CBT EXER1CBT

Intervention-related cost ($)† 1,615 1,346 1,757 1,736

Cost of the EXER or CBT intervention 0 320 694 1,033

Resource use and cost of medical care outside
Program ACTIVE II

1,615 1,026 1,063 704

Outcome cost ($)‡ 74,411 74,368 74,865 74,693

Total cost ($) 76,026 75,714 76,622 76,429

QALYs 4.665 5.047 4.955 5.355

Incremental total cost vs. UC ($) 2313 596 403

Incremental QALY vs. UC 0.382 0.290 0.690

ICER vs. UC ($) Cost saving 2,058 585

*Cost-effectivenessof theProgramACTIVE II interventionsassumingthediminishing interventioneffectsafter theendof the trial.†Intervention-related
cost refers to the per-participant costs over the 15-month intervention period of ProgramACTIVE II and includes the costs of the EXER intervention, CBT
intervention, and EXER1CBT intervention and the resource use and cost of medical care outside Program ACTIVE II. ‡Outcome cost refers to the per-
participant medical costs of type 2 diabetes and its complications.
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collaborative care interventions led by
nurse case managers in primary care
clinics. In addition, the total contact
for the Program ACTIVE II interventions
could be considered more intensive for
bothproviders andpatientsovera shorter
intervention period of 3 months com-
pared with the case management ap-
proach involving the extended brief
contact with patients over a 12-month
intervention period. Moreover, our study
was a modeling-based cost-effectiveness
analysis over a 10-year simulation time
horizon, while prior studieswere the trial-
based cost-effectiveness analysis over a
1.5-year or 2-year follow-up period.
Several limitations to our study should

be acknowledged. First, no simulation
model can perfectly represent reality,
and all models have inherent limitations
(39). The validity of our modeling results
is contingent on data quality and model

assumptions. Misspecifications of model
parameters (e.g., uncertainty about the
estimation of themodel parameters) and
model structure (e.g., uncertainty about
the structure or assumptions of the
model) are generally the most important
sources of uncertainty. The SDs provided
with our simulated results account for
Monte Carlo uncertainty and population
uncertainty but not model parameter
and structure uncertainty. For this study,
we updated the structure of the MMD
(version 2), incorporated the UKPDS haz-
ardequationsand recalibrated themodel
parameters to recent clinical studies, and
performed both internal and external
validation studies to verify the model’s
performance, and the validation studies
demonstrated very good performance of
the model (25). Second, the study
included a predominantly female and
White sample and relatively small sample

sizes that may skew findings of cost-
effectiveness. Future studies may be
warranted to explore whether hetero-
geneity of treatment effectiveness and
cost-effectiveness from the Program
ACTIVE II interventions may exist by sex
or race. Sensitivity analyses conducted to
evaluate the stability of estimates in light
of small sample sizes demonstrated the
consistency of findings when assuming a
400% increase in facility fees for exercise
and a 50% hourly rate increase for CBT
therapists and/or exercise trainers.
Third, the sample represented socioeco-
nomic, ethnic, and geographic diversity
but did not include Latinos and Asian
Americans, thereby limiting the gener-
alizability of the findings to these pop-
ulations. Consistent with many other
trials, participants in this study may
not be generalized to all adults with
type 2 diabetes and MDD. Finally, the

Table 3—Sensitivity analyses for cost-effectiveness of the EXER, CBT, and EXER1CBT interventions versus the UC intervention

EXER vs. UC CBT vs. UC EXER1CBT vs. UC

Incremental
total cost ($)

Incremental
QALY

ICER
($)

Incremental
total cost ($)

Incremental
QALY

ICER
($)

Incremental
total cost ($)

Incremental
QALY

ICER
($)

Base-case analysis* 2313 0.382 Cost
saving

596 0.290 2,058 403 0.690 585

Societal perspective 2126 0.382 Cost
saving

822 0.290 2,838 805 0.690 1,167

5-year simulation time
horizon

2340 0.214 Cost
saving

473 0.163 2,904 266 0.387 687

Effectiveness:
persistent
intervention effects

2182 0.384 Cost
saving

1,379 0.286 4,822 24,266 0.712 Cost
saving

Cost
400% increase of

the cost for
passes/
memberships to
fitness facilities†

204 0.382 533 596 0.290 2,058 919 0.690 1,332

50% increase of the
hourly rate for
CBT therapists

2313 0.382 Cost
saving

943 0.290 3,256 773 0.690 1,120

50% increase of the
hourly rate for
exercise trainers

2217 0.382 Cost
saving

596 0.290 2,058 486 0.690 705

400% increase of
the cost for
passes/
memberships to
fitness facilities†
and 50% increase
of the hourly rate
for both CBT
therapists and
exercise trainers

299 0.382 784 943 0.290 3,256 1,371 0.690 1,987

*The base-case analysis was from the health care sector perspective over a 10-year simulation time horizon for the cost-effectiveness of the Program
ACTIVE II interventions assuming thediminishing intervention effects after the endof the trial.†The cost of passes/memberships tofitness facilitieswas
assumed to increase by 400%, whichwould provide participants with free access to fitness facilities for the first 3months of the study period ($129 per
participant in the base-case analysis) vs. for the total 15 months of the study period ($645 per participant in the sensitivity analysis).
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effects reported in this study and across
Program ACTIVE II more generally de-
scribe the impacts of the CBT and EXER
interventions in the absence of diabetes
self-management education and support
(DSMES). Prior studies have demon-
strated significant positive effects of
DSMES interventions on mood and di-
abetes-related distress in adults with
type2 diabetes (40). Future studies could
evaluate the incremental effectiveness
of this standard treatment in conjunction
with theProgramACTIVE II interventions.
Insummary,ProgramACTIVE IIusedaset

of manualized interventions for the treat-
ment of depression in adults with type 2
diabetes and demonstrated the cost-effec-
tiveness of the EXER, CBT, and EXER1CBT
interventions at 5 and 10 years beyond the
endof the trial frombothhealth care sector
and societal perspectives. These findings
demonstrate the value for health care
systems to partner with community-based
fitness and mental health professionals to
extend the availability of depression treat-
ment options that are complementary to
medical care for patients with type 2 di-
abetes in order to achieve improvements in
depression and diabetes outcomes.
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