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The coexistence of type 2 diabetes (T2DM) and depression is a prominent
example of multimorbidity. In previous work, we reported the results of a

completed cluster-randomized controlled trial that was conducted in eight

community health centers in China. We enrolled adults (>18 years) with type 2
diabetes and depressive symptoms. In the intervention group, a comprehen-
sive care plan was developed based on the Integrated Care Model for Patients
with Diabetes and Depression (CIC-PDD). In this study, we explore the cost-
effectiveness of the CIC-PDD by conducting a one-year within-trial economic
evaluation from the health system, multipayer and societal perspectives.
Health outcomes are quality-adjusted life years (QALYs) and depression-free
days (DFDs), and we calculate incremental cost-effectiveness ratios (ICERs)
and cost-effectiveness probability. Among 630 participants (275 intervention,

355 usual care), the cost per QALY gained is $7,922.82, $7,823.85, and
$7,409.46, with cost-effectiveness probabilities of 66.41%- 94.45%. The cost
per DFD is $2.63-$2.82, requiring a willingness-to-pay of $9.00-$10.50 for
>95% probability of cost-effectiveness. We find that the CIC-PDD model
demonstrates cost-effectiveness within primary health care settings, but fur-
ther studies are needed to assess its long-term sustainability and scalability.
Trial registration: 35 ChiCTR2200065608.

Multimorbidity has emerged as one of the greatest challenges facing
healthcare systems in the 2Ist century>. Moreover, there is not a
greater challenge than providing effective and high-quality healthcare
for patients with coexisting physical-mental multimorbidity>*, marked
by increasing prevalence and diverse patterns of healthcare utilization,
placing substantial burdens on individuals, families, and society’.
Among the various patterns of physical-mental multimorbidity,
the coexistence of type 2 diabetes (T2DM) and depression is particu-
larly prominent?, especially in China. Research indicates that indivi-
duals with T2DM are twice as likely to suffer from depression
compared to those without T2DM?, a trend particularly evident in

primary health care (PHC) settings®. T2DM prevalence among adults
aged 20-79 years in China is projected to increase from 8.2% in 2020 to
9.7% in 203078, making it the country with the largest population
affected by comorbid T2DM and depression globally. Moreover, the
coexistence of T2DM and depression leads to poorer health outcomes
compared to either condition alone. Depression is linked to heigh-
tened rates of T2DM complications, increased disability’, and reduced
life expectancy*'®. Treatment costs for T2DM escalate significantly
when depression is present, amounting to 4.5 times higher expenses
compared to managing T2DM alone®. As the prevalence continues to
rise and health outcomes deteriorate, the health system faces dual
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challenges: delivering quality care and managing the substantial eco-
nomic burden™".

While the beneficial effects of integrated care for patients with
T2DM and depression are well established, evidence regarding health
economics evaluation is scarce. Individuals with both conditions exhibit
higher hospitalization rates and costs, more frequent and costly out-
patient visits, increased specialist consultations and total healthcare costs
compared to those with a single condition®”. However, these challenges
are compounded by the increasing specialization and fragmentation
within healthcare systems”. This underscores the urgent need for inte-
grated and continuous healthcare delivery strategies to address these
complexities®®™, Integrated care has emerged as an effective approach
for managing T2DM and depression multimorbidity, by meeting the
complex health needs of patients through seamless coordination across
primary and secondary care and the integration of healthcare with social
support’®. However, there is a lack of consistent evidence on the eco-
nomic evaluation of integrated care for this condition, although initial
findings indicate potential cost savings and better outcomes”. Existing
evidence on the cost-effectiveness of integrated care predominantly
originates from developed countries and may not fully account for the
intricacies of PHC settings'. Given the limited mental health resources in
low- and middle-income countries (LMICs), conducting economic eva-
luation is crucial for informing decision-makers about effective imple-
mentation strategies to support integrated care delivery".

In our previous study, we demonstrated that the Community-
based Integrated Care for Patients with Diabetes and Depression (CIC-
PDD) program could enhance patient health outcomes by enhancing
health perceptions and promoting behaviors®. This raises an impor-
tant health policy question: Can CIC-PDD improve quality of life and
prove cost-effective, thereby supporting the development of an
evidence-based integrated care model? To address this, our current
study evaluates the 12-month cost-effectiveness of community-based
integrated care from multiple perspectives as part of the CIC-PDD trial.

Results
Patient characteristics
Out of the 3759 patients invited for the baseline assessment, 275
individuals were eventually assigned to the integrated care group,
while 355 were assigned to the control group. Supplementary Fig. 1
delineates the trial profile by study arm. The mean depressive symp-
toms score is 1.37 (0.67) in the CIC-PDD group and 1.38 (0.69) in the
usual care group. Health utility at baseline is also similar across both
groups. Cost components are divided into four categories: costs
related to screening, intervention costs, costs related to health care
utilization, and indirect costs. There are no statistically significant
differences in these four categories of costs between the two groups at
baseline (Supplementary Table 1).

No evidence is found of a difference in the number of patients lost
to follow-up between the intervention and control groups (y? 1.58;
p=0.208) (Supplementary Table 2).

Cost components

Table 1 presents a descriptive overview of costs and health effects at
12 months for integrated care group and usual care group. From the
perspectives of the health system, multipayer, and society, the accu-
mulated mean (SD) total costs for patients in the integrated care group
are 1245.35 (1705.26) US dollars, 1276.95 (1769.46) US dollars, and
1407.53 US dollars (1889.26), respectively. In comparison, for the usual
care group, the costs are 1043.89 (2066.30) US dollars, 1078.07
(2139.24) US dollars, 1219.39 (2374.66) US dollars, respectively. In terms
of cost composition, healthcare utilization costs represent the largest

Table 1. | Descriptive analysis of costs, utility, and effective-

ness outcomes after 12 months

Group Usual Integrated
care group care group
Costs types and components
Direct costs related to screening
Depression screening by 8.68 8.68
PCP, mean
Overhead, mean 0.87 0.87
Subtotal, mean 9.54 9.54
Direct costs related to the intervention
Intervention setup
Model development cost, mean 31.90
Training cost, mean 3.14
Intervention delivery
Case manager salaries, mean 921
Manuals cost, mean 1.46
Collaborative meetings 34.45
cost, mean
Health videos cost, mean 8.61
Health communicators sal- 28.71
aries, mean
Gift cost, mean 13.16
Overhead, mean 21.35
Subtotal, mean 234.88

Direct costs related to health care utilization

Outpatient cost, mean (SD)

201.43 (397.94)

208.36 (321.93)

Inpatient cost, mean (SD) 689.38 610.15 (1550.56)
(1793.68)

Self-treatment cost, mean (SD) 143.55 (788.26) 182.41 (404.25)

Subtotal, mean (SD) 1034.35 1000.92 (1705.26)
(2066.30)

Indirect costs

Food costs for outpatient visits, 3.19 (4.09) 3.63 (4.92)

mean (SD)

Transportation costs for outpatient 4.15 (8.21) 4.29 (6.78)

visits, mean (SD)

Food and transportation cost of 3.10 (5.75) 3.19 (4.68)

escorts for outpatient visits,
mean (SD)

Food costs for inpatient visits,
mean (SD)

15.86 (43.68)

13.80 (37.92)

Transportation costs for inpatient
visits, mean (SD)

10.97 (35.42)

9.88 (31.44)

Food and transportation cost of
escorts for inpatient visits,
mean (SD)

19.94 (51.23)

17.78 (44.28)

Subtotal, mean (SD)

57.21 (133.57)

52.57 (113.43)

Time costs and lost productivity

Lost productivity due to outpatient
care, mean (SD)

37.57 (92.65)

50.33 (95.19)

Lost productivity due to inpatient
care, mean (SD)

48.80 (153.80)

32.81(71.01)

Escort time costs for outpatient
visits, mean (SD)

7.51(18.53)

10.07 (19.04)

Escort time costs for inpatient visits,
mean (SD)

24.40 (76.90)

16.41(35.50)

Subtotal, mean (SD)

118.29 (312.42)

109.62 (191.92)

Total, mean (SD)

proportion of all costs for both the integrated care and usual care Health System Perspective 1043.89 1245.35 (1705.26)
X . (2066.30)
groups, accounting for 71.11% and 87.83%, respectively (Supplementary m .
Fig. 2). Intervention-related costs constitute 16.69% of the total costs for Multipayer Perspective 2;73%%) P
the integrated care group.
Nature Communications | (2025)16:2986 2


www.nature.com/naturecommunications

Article

https://doi.org/10.1038/s41467-025-58120-x

Table 1 (continued) | Descriptive analysis of costs, utility, and
effectiveness outcomes after 12 months

Group Usual Integrated
care group care group
Societal Perspective 1219.39 1407.53 (1889.26)
(2374.66)

Health effects
DFDs, mean (SD)
QALYs, mean (SD)

147.74 (109.90)
0.77 (0.13)

Please see Supplementary Table 1 for the cost calculation details.
SD standard deviation, DFDs depression-free days, QALYs quality-adjusted life years.

218.63 (98.81)
0.79 (0.1)

Unadjusted between-group differences in cost details are pre-
sented in Table 2.

Formal health sector: screening and intervention

The screening administered by PCPs to identify eligible patients
incurred a cost of 9.54 US dollars per patient. On average, the inter-
vention costs for the integrated care group amount to 234.88 US
dollars per patient (Table 1). The intervention setup, constituting
14.91% of these costs, is primarily driven by model development
expenses, which total 31.90 US dollars per patient. The largest share of
the intervention costs is attributed to case manager salaries, at 92.11 US
dollars per patient, accounting for 39.21%. Additionally, collaborative
meeting expenses represented 14.67% of the intervention costs,
amounting to 34.45 US dollars per patient.

Formal health sector: health care utilization

The total mean healthcare utilization costs for the integrated care
group (1000.92 (1705.26) US dollars) are lower than those for the usual
care group (1034.35 (2066.30) US dollars), though this difference is
not statistically significant. Notably, the integrated care group incurs
higher costs for outpatient services and self-treatment compared to
the usual care group (Tables 1 and 2). Healthcare utilization emerges as
the most substantial non-intervention cost component (Table 1).

Indirect costs

Costs related to food, transportation, time, and lost productivity are
largely similar between the two groups (Table 1). The integrated care
group shows slightly lower food and transportation costs (41.45 (111.69)
US dollars) compared to the usual care group (46.76 (128.35) US dollars),
as well as lower time costs and lost productivity (integrated care group:
109.62 (191.92) US dollars; usual care group: 118.29 (312.42) US dollars)
due to inpatient care in the usual care group. Conversely, indirect costs
related to outpatient care are slightly lower in the integrated care group
(11.11 (16.07) US dollars) compared to the usual care group (10.44 (16.06)
US dollars), though these differences are not statistically significant.

Health effects

As indicated in Table 2, patients in the integrated care group experi-
ence greater gains in both QALYs and DFDs over the course of 12
months compared to those in the usual care group (Table 1). Specifi-
cally, the unadjusted between-group difference in DFDs is 70.89 (95%
Cl 61.76 to 80.02) (Table 2). Regarding QALYs, a notable improvement
of 0.03 is observed in the integrated care group (0.79 (0.11)) compared
to the usual care group (0.77 (0.13)), resulting in a between-group
difference in QALYs of 0.03 (95% CI 0.01 to 0.04). We examined the
variation in effects of the intervention across sex using interaction
term and found no statistically significant differences between male
and female participants (Supplementary Table 3).

Cost-effectiveness
Table 3 presents the ICERs based on the differences in cost and
effectiveness over the 12-month period. For QALYs assessed from the

perspectives of the health system, multipayer, and society, the inte-
grated care intervention incurs costs of 7922.82 US dollars, 7823.85 US
dollars, and 7409.46 US dollars per QALY gained, respectively. The
likelihood that the intervention proves to be cost-effective ranges from
66.41% to 94.45% across different willingness-to-pay thresholds,
spanning from 13,064 US dollars to 39,192 US dollars. Concerning
DFDs, the integrated care intervention incurs costs of 2.82, 2.78, and
2.63 US dollars per DFD gained, respectively. To achieve a probability
of cost-effectiveness exceeding 95%, the required willingness-to-pay
per DFD ranges from 9.00 to 10.50 US dollars. Furthermore, across all
perspectives considered, the integrated care intervention demon-
strated cost-effectiveness compared to usual care for all outcomes.

Sensitivity analyses
The bootstrapped estimates of net costs and QALYs are presented on
a cost-effectiveness plane in Fig. 1. The simulations predominantly
reside in the upper-right quadrant, indicating that integrated care
incurs net costs but also delivers a net health benefit (QALY gain).
The spread of points is more vertical than horizontal, indicating
greater uncertainty in the estimated net QALYs compared to the
estimated net costs. As illustrated in Fig. 1, the integrated care
intervention demonstrates a probability of being cost-effective for
QALYs ranging from 75.88% (3794/5000 replications) to 97.88%
(4894/5000 replications) from the health system perspective,
74.66% (3733/5000 replications) to 97.80% (4890/5000 replications)
from the multipayer perspective, and 72.20% (3610/5000 replica-
tions) to 97.72% (4886/5000 replications) from the societal per-
spective, at willingness-to-pay thresholds of 1 to 3 times the per
capita GDP (13,064 to 39,192 US dollars).

The cost-effectiveness acceptability curve (CEAC) depicted in
Fig. 2 supports this estimation.

Robustness checks

Our findings remained robust across various sensitivity analyses.
Firstly, after adjusting for baseline outcomes, the differences in DFDs
and QALYs between the integrated care group and usual care group
remained statistically significant, with values of 75.59 (95% CI:
61.98-89.20) and 0.03 (95% CI: 0.00- 0.05), respectively (see Sup-
plementary Table 4). Secondly, considering the inherent character-
istics of cluster RCTs, we observed some baseline imbalances between
the two groups. To address this, we conducted a reanalysis after
adjusting for baseline characteristics (DFDs: 66.95 [95% CI:
56.92-76.98]; QALYs: 0.02 [95% CI: 0.00-0.04]) and found that our
results remained robust (see Supplementary Table 5 and Supplemen-
tary Table 6). Thirdly, when using different thresholds to define DFDs,
the resulting ICER ranged from 2.86 to 4.25, well below the threshold
necessary for achieving 95% cost-effectiveness (see Supplementary
Table 7). Fourthly, upon calculating DFD-QALYs and re-implementing
the analysis, the probability of cost-effectiveness exceeded 95%, sig-
nificantly higher than the current results (see Supplementary Table 8).
Fifthly, the clustered bootstrap method revealed the probability of
being cost-effective ranged from 73.98% (3699/5000 replications) to
97.22% (4861/5000 replications) (see Supplementary Fig. 3). Sixthly,
our results remained consistent after multiple imputations (see Sup-
plementary Table 9 and Supplementary Table 10). Seventhly, re-
estimating the incremental costs using a Tobit model showed that for
QALYs, the probability of cost-effectiveness for the integrated care
model exceeded 75% at willingness-to-pay values ranging from 1 to 3
times the per capita GDP, with ICERs for DFDs ranging from 1.80 to
2.05 across the three perspectives (see Supplementary Table 11, Sup-
plementary Table 12 and Supplementary Table 13). Finally, we reana-
lyzed using T2DM-specific costs from three different perspectives and
found that the probability of cost-effectiveness ranged from 75.07% to
96.76%, which is higher than the current results (see Supplementary
Table 14).

Nature Communications | (2025)16:2986


www.nature.com/naturecommunications

Article

https://doi.org/10.1038/s41467-025-58120-x

Table 2. | Unadjusted incremental costs, utility, and effectiveness outcomes after 12 months

Usual care group  Integrated Incremental difference between intervention 95% CI P value
care group and control (Unadjusted)
Cost estimates: direct part
Costs related to screening 9.54 9.54
Costs related to intervention setup 234.88
and delivery
Costs related to health care 1034.35 1000.92 (1705.26) -33.50 -562.94 0.901
utilization (2066.30) to 495.94
Cost estimates: indirect part
Food and transportation costs due  10.44 (16.06) 11.11 (16.07) 0.67 -4.68 to 6.02 0.806
to outpatient
Food and transportation costs due  46.76 (128.35) 41.45 (111.69) -5.36 -35.40 to 24.67 0.726
to inpatient
Time costs and lost productivity 118.29 (312.42) 109.62 (191.92) -8.72 -116.62 to 99.18 0.874
Utility and effectiveness estimates
DFDs 147.74 (109.90) 218.63 (98.81) 70.89 61.76 to 80.02 <0.001
QALYs 0.77 (0.13) 0.79 (0.11) 0.03 0.01to0 0.04 0.012

DFDs depression-free days, measured by SCL-20, QALYs quality-adjusted life years, measured by SF-12.

Discussion

To our knowledge, this study represents the first health economic
evaluation of a randomized controlled trial examining integrated care
for multimorbidity in China. It is also the largest trial of its kind to date.
Through a within-trial economic assessment of a culturally tailored, 12-
month integrated care intervention for patients with T2DM and
depression across eight diverse PHC settings in China, we determine
that the community-based integrated care model is a cost-effective
strategy.

Our study findings contribute significantly to the existing research
on the development of integrated care models for patients with phy-
sical and mental multimorbidity. In our review, we identified only one
study from LMICs: the Integrating Depression and Diabetes Treatment
(INDEPENDENT) study in India’®. They revealed a probability of cost-
effectiveness of 56.4% using a willingness-to-pay threshold of $16,654
per QALY, with a threshold per DFD exceeding $19.9 to achieve a
probability of cost-effectiveness >95%'®. Notably, the INDEPENDENT
study differed from ours in its intervention components, prominently
featuring a decision-support electronic health record system, and was
limited to urban clinics with a smaller sample size.

In contrast, research from developed countries has yielded dif-
ferent results due to varying contexts. For instance, the TEAMcare and
Multifaceted Diabetes and Depression Program (MDDP) studies from
the United States reported divergent findings. The TEAMcare study
indicated that collaborative care reduced costs rather than increasing
them?. Conversely, the MDDP reported an ICER of $4053 per QALY
gained®. It’s important to note that the TEAMcare study focused on
patients with depression and poorly controlled diabetes or coronary
heart disease (CHD), which differs from the population in our study.
Similarly, the Collaborative Interventions for Circulation and Depres-
sion (COINCIDE) study from the UK reported an incremental cost of
$16,597.63 per QALY gained, suggesting potential cost-effectiveness in
population with mental-physical multimorbidity”. Additionally,
Canadian research identified incremental cost-effectiveness ratios of
$6.57 per DFD or $17,788.64 per QALY for collaborative care under the
health system perspective’. Our comparative analysis highlights that
the cost per QALY gained with CIC-PDD is lower than the majority of
previous studies. While the benefits in DFDs are not as pronounced as
in other investigations, the observed ICER in our trial is notably lower
than reported in other economic evaluations.

The cost-effectiveness analysis contributes to a thorough eva-
luation of CIC-PDD intervention. Aligned with our protocol’s theore-
tical framework, this health economics evaluation stands as a crucial

component. Our original effectiveness analysis indicated enhance-
ments in depressive symptoms and glycemic control in the integrated
care group”. The current study’s findings serve to complement and
extend previous evidence by demonstrating not only effectiveness but
also cost-effectiveness. Moreover, the analyses from multiple per-
spectives and sensitivity analyses suggest the cost-effectiveness of
CIC-PDD, enhancing the robustness of the results and strengthening
the quality of evidence. Nevertheless, it is essential to conduct more in-
depth analysis, such as qualitative analysis, to explore the economic
impact and health effects of CIC-PDD. This will provide deeper insights
into how the intervention influences patient experiences and health-
care delivery within PHC settings®, especially given the limited mental
health resources that require careful allocation by decision-makers.
Additionally, when optimizing the components of the CIC-PDD model,
it is crucial to balance the costs and effectiveness associated with each
element. For instance, integrating health electronic systems could
improve decision-making and service efficiency but might also raise
intervention costs. Furthermore, our analyses revealed that CIC-PDD
was not associated with significant medical cost savings but rather
increased outpatient visits and self-treatment healthcare utilization,
with a small effect size in QALYs. Therefore, while the CIC-PDD inter-
vention proved highly cost-effective, further research is necessary to
determine its clinical relevance and whether integrated care would
decrease patients burden and alter health utilization behavior.

The economic evaluation provides crucial evidence supporting
CIC-PDD implementation in practice and offers valuable insights for
decision-makers shaping integrated healthcare systems. This study
strengthens the evidence base for managing patients with T2DM and
depression, addressing gaps arising from limitations in comprehensive
analyses across various perspectives”. Additionally, implementation
research underscores the significance of health economics evaluations
that consider resource implications and hidden costs to facilitate
evidence-based practice’®. Our study contributes by conducting a
detailed cost analysis that spans from model development to mid-term
intervention costs and subsequent post-implementation costs. We also
comprehensively evaluate health effects using measures such as DFDs,
QALYs, and DFD-QALYs, which helps mitigate measurement biases and
enables a thorough economic assessment. These comprehensive
analyses are both theoretically and practically valuable as they directly
address payer budget concerns and align with implementation science
contexts where financial considerations impact program adoption and
sustainability'. While our study focuses on T2DM and depression
multimorbidity, the CIC-PDD model serves as a guiding framework for
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Fig. 2 | The cost-effectiveness acceptability curve. The vertical dotted lines
represent the willingness-to-pay thresholds. QALY quality-adjusted life years, GDP
gross domestic product. The CEAC illustrate the cost-effectiveness probability of
CIC-PDD across different willingness-to-pay thresholds. Source data are provided
as a Source Data file.

Our study possesses several notable strengths. Firstly, we utilized
health administrative records to meticulously measure health utiliza-
tion and costs. In contrast to other studies'®*** that primarily rely on
self-reported data, which can be susceptible to recall bias and may not
always accurately reflect actual usage. By integrating claim data with

survey data, our method minimizes these biases and enhances the
robustness and precision of our findings. Secondly, our rigorous data
collection and calculation procedures enabled comprehensive health
economics evaluations from multiple perspectives. To our knowledge,
apart from the INDEPENDENT', many other research efforts have
encountered difficulties conducting such analyses due to limitations in
capturing detailed cost data. A systematic review examining health
economics evaluations of integrated care models has pointed out that
only around one-third of these studies included sensitivity analyses
from the societal perspective”. This limitation often arises from
inadequate cost information. Thirdly, this study represents the largest
trial to date, incorporating a wide array of implementation settings.
Unlike studies confined to urban clinics, our research spans a broad
spectrum of PHC settings, encompassing both rural and urban areas.
This diversity significantly enhances the generalizability and scalability
of the care model, making it relevant across diverse regions and
healthcare environments.

Our study also faces several limitations. Firstly, our current
health economics evaluation is limited in its ability to capture long-
term and maintenance phase effects. This study is a within-trial
economics evaluation conducted over a 12-month intervention per-
iod, which means we cannot yet determine whether the CIC-PDD
model remains cost-effective in the post-intervention maintenance
phase. From an implementation science perspective, ensuring the
durability of evidence is essential, emphasizing the need for exten-
ded evaluation periods to ascertain long-term impacts and sustain-
ability. Secondly, as a study conducted in China, the findings may not
be generalizable to other countries or healthcare systems. Despite
encompassing diverse PHC settings, adapting this care model else-
where will necessitate adaptations to harmonize with local health
systems. Moreover, refining cost components to accurately reflect
regional conditions will be essential for ensuring the model’s effec-
tiveness and cost-effectiveness in new contexts. Thirdly, we are
unable to disaggregate healthcare service costs specifically attribu-
table to depression. Nevertheless, this limitation is unlikely to sub-
stantially impact our findings because individuals with severe pre-
existing depression or other psychiatric conditions were excluded
from the trial. Moreover, feedback from PCPs indicated no occur-
rence of serious adverse events related to depression during the
intervention period. Fourthly, the calculation of service team salaries
utilizes a fixed-cost approach. In China, village doctors often do not
receive standardized salary incomes, and health communicators who
are medical students. For salaries, we referenced payment standards
from the basic public health service package to ensure consistency
and acceptability in our calculations. Lastly, we acknowledge that not
all costs from a societal perspective could be fully captured. Despite
a thorough analysis of indirect costs, certain elements—such as
informal caregiver time, lost household production, and potential
accommodation costs—remain unaccounted for.

Integrated care, as implemented in the CIC-PDD trial, represents a
promising strategy for managing patients with T2DM and depression
multimorbidity. This health economics evaluation underscores the
cost-effectiveness of the integrated care model in PHC settings. Fur-
ther long-term analysis and qualitative studies are essential to assess
the sustainability and scalability of the CIC-PDD model.

Methods

The CIC-PDD study was a pragmatic cluster randomized controlled
trial (RCT) conducted in two counties in China, approved by Institu-
tional Review Board at Peking University (no. IRBO0001052-21104).
Randomization took place at community health centers (CHCs), with
CHCs in each county randomized on a 1:1 ratio (see Supplementary
Fig. 1). This ensured that the ratio of urban to rural CHCs in both the
intervention and control groups was maintained at 1:1. The trial pro-
tocol was previously published”.
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Participants

Patient recruitment involved initial screening and eligibility testing.
Primary healthcare providers (PCPs) identified potential participants
with T2DM through electronic health records and provided a brief
study overview. Eligible patients were then invited for further assess-
ment and detailed information on the CIC-PDD intervention.

Eligible participants are between 18 and 85 years old and have a
confirmed diagnosis of T2DM and a PHQ-9 score of 10 or higher. They
must not have serious hearing or vision impairments and must be able
to complete telephone interviews. All participants provided written
informed consent. Recruitment commenced on December 1, 2022, and
was completed on January 20, 2023.

Randomization and masking

We randomized CHCs in each county on a 1:1 ratio, and the ratio of
urban to rural CHCs in both the intervention and control groups was
maintained at 1:1. The allocation of clusters to each study arm was
overseen by a statistician who was not involved in implementing
the study.

All outcome assessors remained blinded and worked indepen-
dently from both the intervention and study teams. Additionally, data
were coded and anonymized to ensure that researchers were blinded
during the entire analysis and reporting phases.

Intervention

The CIC-PDD intervention is based on an integrated care model, with
the goal of merging healthcare and social services, as well as primary
and secondary healthcare, along with mental and physical healthcare.
Key components of the model include:

(1) Multidisciplinary approach: The team comprises diabetes
specialists, psychiatrists, psychotherapists from secondary or tertiary
hospitals, case managers (CMs), and health communicators, who are
students from medical universities.

(2) Customized patient management plan: Each patient receives
an individualized treatment plan, emphasizing patient-centered
assessment and engagement. It incorporates Behavioral Activation
(BA) strategies and employs self-management plans.

(3) Regular patient follow-ups: Patients benefit from proactive
management by CMs, involving up to 18 sessions over one year.

(4) Improved inter-professional communication: All team mem-
bers participate in collaborative meetings, facilitated by health com-
municators, to ensure thorough reviews of patients” health status.

(5) Supplementary resources: Intervention manuals and WeChat
official accounts complement the intervention.

Comparators

In the control group, PCPs were informed about patients’ depressive
symptoms, and these patients received usual care. Notably, the health
management of patients with T2DM is a key component of the Basic
Public Health Service Package (BPHSP), with PCPs providing essential
health education and promotion services.

As outlined in our protocol (Supplementary Protocol)”’, we con-
ducted a comprehensive assessment of CIC-PDD using the RE-AIM
(reach, efficacy, adoption, implementation, and maintenance) frame-
work. Here, the health economics evaluation serves as a part of the
evaluation plan. Our findings are reported in accordance with the
current guidelines for cost-effectiveness research, namely the Con-
solidated Health Economic Evaluation Reporting (CHEERS) guidelines
(see Supplementary Note 1)*,

Economic evaluation
Here, we evaluated the health effects, cost, and cost-effectiveness over
the 12-month follow-up evaluation period.

(1) Health Effects

In assessing effectiveness, we employed two measures: health
utility and health effects, specifically focusing on quality-adjusted life
years (QALYs) and the number of depression-free days (DFDs) during
the follow-up period.

QALYs serve as a comprehensive longitudinal measure of treat-
ment effectiveness, combining health-related quality-of-life (HRQoL)
associated with an individual’s health state and the duration spent in
that health state. Health utilities were evaluated using the Short-Form
Health Survey (SF-12)*°. QALYs were then computed from these utility
scores, representing the area under the curve and assuming linear
changes in scores between baseline, 6, and 12 months®.

We computed DFDs based on the SCL-20 score, following the
method proposed by ref. 31. To calculate DFDs, we used threshold
scores to classify depression severity at baseline and follow-up visits.
Patients were classified as depression-free (DFD =1) if their score was
below this threshold (SCL-20 score < 0.5) and as experiencing symp-
tomatic depression (DFD=0) if their score exceeded the upper
threshold (SCL-20 score >1.37), which was derived from the mean SCL-
20 score at baseline. Scores falling between these thresholds were
linearly interpolated to convert them into proportional DFDs ranging
from O to 1. The ultimate calculation of DFDs accrued by patients
involves multiplying the number of days between assessment time
points by the corresponding severity level of depression (ranging from
0 to 1). This calculation represents the area under the depression
severity curve over time. Supplementary Note 2 gives the details of
calculation.

(2) Cost Components

Direct costs: screening/case finding. To identify T2DM and depres-
sion multimorbidity, we initially conducted screening among patients
with T2DM. The total screening cost is calculated by multiplying the
number of potentially eligible patients (n=1594+2145) by the
screening cost per patient. This fee is a fixed payment to the PCP. Per-
patient screening costs are determined by dividing the total screening
costs by the number of patients randomly assigned to the study.

We add a 10% overhead to account for the training on the PHQ-9,
as well as the review and verification of screening results by the
research team during this process.

Direct costs: intervention setup and delivery. Costs related to the
intervention encompass two main components: intervention setup
and delivery. First, the intervention setup costs include the costs of the
CIC-PDD model development and the offline training costs. Develop-
ment costs specifically include fees for expert consultations, as well as
accommodation and travel expenses incurred during site visits. Offline
training costs encompass the expenses associated with training the
integrated care teams, comprising CMs, health communicators, and
the specialist team, to ensure proficiency in their roles and requisite
skills. These costs involve expenditures for expert lectures conducted
both onsite and online, as well as costs of the curriculum and educa-
tional materials.

For intervention delivery, the costs include the salaries for CMs
conducting visits, labor costs for the care team during collaborative
meetings (including time spent by psychiatrists, diabetologists, and
psychotherapists), and salaries for health communicators. Addition-
ally, expenses include the instructional costs for the specialist team to
maintain ongoing skills, printing costs for educational materials, and
the cost of gifts provided to patients.

Lastly, a 10% administrative overhead is added to account for the
marginal impact on the primary care work.

Direct costs: health care utilization. Costs associated with healthcare
utilization include expenses for outpatient care, inpatient care, and
self-treatment. Data on utilization and costs for outpatient and
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inpatient care are sourced from medical insurance claims, whereas
self-treatment data are collected through semi-annual surveys.

Indirect costs: time, lost productivity, food, and transportation costs.
Patient and escort expenses for food and transportation related to
outpatient and inpatient care are derived from survey data. For patients,
the cost of lost productivity is estimated by combining the number of
outpatient visits and inpatient days, multiplied by their average daily
wage. Specifically, each outpatient visit is assumed to result in a 0.5-day
loss, and the loss for inpatient care equals the total number of hospi-
talization days. Escort costs for lost time are estimated using self-
reported data provided by patients. Please see Supplementary Note 3
for more details.

All costs are measured in US dollar. Given that the analytic horizon
is only one year, no discounting of costs and effects is applied.

Supplementary Table 15 provides an overview of costs and cost
perspectives.

Statistical analysis

We conducted an intent-to-treat analysis to assess the intervention’s
effects, utilizing a rich dataset for the economic evaluation of CIC-
PDD. We performed within-trial cost-effectiveness analyses compar-
ing integrated care with usual care from healthcare, multipayer, and
societal perspective. The multipayer perspective included costs
incurred directly within the health sector, intervention costs, as well
as, indirect costs related to food and transportation. The societal
perspective further included all other indirect costs, such as patient
time costs for care and lost productivity due to illness. A societal
perspective is the recommended option for public health economic
analyses, as it comprehensively considers all costs affecting both
beneficiaries and payers, thereby reflecting the broader impact on
society as a whole (see Supplementary Note 4 and Supplementary
Table 1).

Cost-effectiveness is measured using the incremental cost-
effectiveness ratio (ICER), calculated by comparing the incremental
cost (the difference in mean cost between integrated care and usual
care) to the incremental health effects (the accompanying differences
in mean DFDs and QALYs). The ICER represents the additional costs
per additional effectiveness gained from the CIC-PDD intervention
compared to usual care.

For QALYs, we followed World Health Organization guidelines,
which suggest using a threshold ranging from one to three times the
country-specific gross domestic product (GDP) per capita®. In the
context of China’s 2023 per capita GDP, this translates to thresholds
between 13,064 and 39,192 US dollars per QALY. Since there is no
established willingness-to-pay threshold for DFDs, we calculated the
theoretical willingness to pay per DFD needed to achieve a predefined
probability of cost-effectiveness at 95%.

We then constructed a cost-effectiveness acceptability curve
(CEAC) to represent the probability that the ICER would fall below a
specified willingness-to-pay threshold for QALYs from various costing
perspectives. This CEAC enables decision-makers to evaluate the
likelihood that the interventions are cost-effective, considering the
uncertainties inherent in decision-making and sampling®.

To mitigate uncertainty stemming from sampling variation, we
employed a nonparametric bootstrap procedure with 5000 replica-
tions. This approach involved resampling with replacement to gen-
erate an empirical joint distribution of incremental costs and health
effects®***. This uncertainty is subsequently illustrated in cost-
effectiveness planes.

We allow for within-CHC correlation in patients’ costs and health
effects by clustering the standard error at the CHC level. To address
missing measurements, including those from individuals who either
died or withdrew from the study, we employed multiple imputation
techniques. Our primary analysis excluded these participants’ data. As

a sensitivity analysis, we reevaluated our findings using data after
multiple imputations (30 imputation datasets).

Patients were surveyed face-to-face at baseline, with outcomes
reported at 6 months and 12 months subsequent to enrollment.
Trained outcome assessors, blinded to group assignments, conducted
the interviews. Additionally, we utilized medical insurance system and
work logs to obtain data on some costs and health care utilization
(outpatient and inpatient utilization), which were linked with the
patient survey data (see Supplementary Table 1).

The study’s statistical power was calculated to detect differences
between arms in the primary outcome, incorporating an intraclass cor-
relation coefficient (ICC) of 0.03 based on prior literature to account for
clustering effects®. With 480 patients (240 per group) across 8 CHCs,
the study was powered at over 80% to detect a 20% absolute mean
difference between groups for the primary outcome (x=0.05). To
mitigate the impact of an anticipated 10%-15% loss to follow-up, the
sample size was increased to 280 per group. All analyses were conducted
using Stata 17, and estimates were reported with 95% confidence inter-
vals (Cls) using two-sided statistical tests, with a significance threshold
set at P < 0.05. The study was approved by Institutional Review Board at
Peking University (no. IRBO0O001052-21104). This trial was registered
with ClinicalTrials.gov, registration number ChiCTR2200065608.

We conducted sensitivity analyses to assess the robustness of our
findings. Firstly, to mitigate potential confounding factors inade-
quately balanced by randomization, we conducted a sensitivity ana-
lysis by adjusting for baseline values of outcomes and baseline
characteristics. Secondly, we varied the definition of DFDs by using
different thresholds, specifically employing an SCL-20 score greater
than 1.7 to classify fully symptomatic depression (DFD = 0). Thirdly, we
computed depression-specific QALYs (DFD-QALYs) based on the SCL-
20 score®. Fourthly, given the cluster RCT design of our study, we
addressed within-group correlation by employing a clustered boot-
strap method to re-simulate uncertainty from three perspectives®.
Fifthly, we recalculated the cost differences using a Tobit model.
Lastly, we reanalyzed the cost-effectiveness using healthcare costs
attributed to T2DM. For more details of sensitivity analyses, please see
Supplementary Note 5.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Access to the data underlying this study is restricted to protect parti-
cipant privacy and confidentiality in accordance with ethical guidelines
and data protection regulations. Researchers with an approved
research proposal may request access to the data, which will be pro-
vided in as de-identified/anonymized participant data to ensure con-
fidentiality, including participants characteristics, health outcomes,
and cost data. The study protocol is provided in the Supplementary
Information. Requests for data access should be directed to Ping He at
phe@pku.edu.edu. Each request will be assessed, and a response will
be issued within 90 days of submission. Source data are provided with
this paper.

Code availability

The code used for data analyses in this study can be obtained by
contacting the corresponding authors. Requests for access to the code
will be considered for academic use and provided within 30 days of
submission.
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