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ARTICLE HIGHLIGHTS

* Why did we undertake this study?
There remains a significant gap in our understanding of how to effectively identify and manage diabetes and depression multimorbidity within
primary health care settings.

* What are the specific questions we wanted to answer?
How can an integrated model be developed for patients with diabetes and depression in low- and middle-income countries, and is this care model
effective?

* What did we find?
In this well-powered cluster randomized controlled trial, the intervention group had significant improvements in mental health and HbA4, compared
with usual care. Participants from rural areas benefited more from the intervention.

* What are the implications of our findings?
The community-based integrated care model for patients with diabetes and depression model enhances integrated care and addresses the critical
need for accessible mental health resources in primary health care settings.
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OBJECTIVE

To develop a care model for patients with both diabetes and depression and as-
sess the model’s effectiveness.

RESEARCH DESIGN AND METHODS

In this pragmatic cluster randomized trial, we allocated eight community health cen-
ters into two groups: the enhanced usual care group and the intervention group. A
comprehensive care plan was developed for the intervention group based on the in-
tegrated care model. We recruited individuals aged =18 years with type 2 diabetes
and depression (Patient Health Questionnaire-9 score =10). The primary outcome
was the between-group difference in the percentage of patients who had at least a
50% reduction in depressive symptoms and a reduction of at least 0.5 percentage
points in HbA;.. The outcome analysis was conducted within the intention-to-treat
population; missing data were multiply imputed.

RESULTS

We enrolled 630 participants, with 275 in the intervention group and 355 in the
control group. A significantly greater percentage of patients in the intervention
group met the primary outcome at 12 months (for depressive symptoms: risk dif-
ference [RD] 31.03% [62.06% vs. 31.02%, respectively; 95% Cl 21.85-40.21]; for
HbA;.: RD 19.16% [32.41% vs. 13.25%, respectively; 95% Cl 11.35-26.97]). The pa-
tients in the intervention group showed significant enhancements in mental qual-
ity of life (mean difference [MD] 6.74 [46.57 vs. 39.83, respectively; 95% ClI
3.75-9.74]), diabetes self-care activities (MD 0.69 [3.46 vs. 2.78, respectively; 95%
Cl 0.52-0.86]), medication adherence (MD 0.72 [6.49 vs. 5.78, respectively; 95% CI
0.37-1.07]), and experience of care (MD 0.89 [3.84 vs. 2.95, respectively; 95% ClI
0.65-1.12]) at 12 months. Rural participants benefited more from the intervention.

CONCLUSIONS

The implementation strategy can serve as a valuable blueprint for the identifica-
tion and treatment of patients with physical and mental multimorbidity in pri-
mary health care settings.

The co-occurrence of diabetes and depression is a prevalent and noteworthy manifes-
tation of multimorbidity. Diabetes constitutes a rapidly escalating global health crisis
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Effect of CIC-PDD

in the new millennium (1). Notably,
China boasts the highest prevalence of
diagnosed diabetes cases in the world
(2). Among individuals with diabetes,
depression emerges as the predomi-
nant mental health disorder (3). The
risk of depression in individuals with
type 2 diabetes (T2DM) is 1.5-2.0 times
higher than that observed in the gen-
eral population (4). At least one-third
of people with diabetes also have de-
pressive disorders (5). The concurrent
prevalence of diabetes and depression
ranges between 25% and 45%, with an
average of 35.7%, in low- and middle-
income countries (LMICs), which is signifi-
cantly higher than that observed in high-
income countries (HICs) (3). In China,
approximately 10-50% of patients with
diabetes have depression (6); overall point
prevalence is 28.9% (7).

Effectively managing the multimorbidity
of diabetes and depression poses a formi-
dable challenge for both patients and
health care system (8). As a consequence
of poor quality of life and diminished life
expectancy, these patients experience a
significant illness burden. Specifically, de-
pression in people with diabetes exerts
adverse influence on glycemic control,
increases the risks of microvascular and
macrovascular complications (9), dimin-
ishes quality of life (10), and even in-
creases mortality (11). In parallel, they
also carry a considerable treatment bur-
den. Patients must go to multiple spe-
cialist clinics, a process that is not only
inconvenient for patients but also ineffi-
cient for the health care system itself
(12,13). This issue is particularly pro-
nounced in primary health care (PHC)
settings in LMICs, where a substantial
number of potential patients with mental
and physical multimorbidity remain un-
recognized and underserved. In addition,
this situation arises due to the limited
availability of mental health resources and
the fragmented nature of the health care
delivery system.

The integration of mental and physical
health care represents a pivotal approach
in the identification and treatment of pa-
tients with complex health care challenges.
This approach involves the seamless coor-
dination between primary and secondary
health care, as well as the integration of
health care and social care (14). According
to our review, most integrated care mod-
els have been developed, implemented,
and evaluated in HICs (15). Additionally,

previous intervention studies predomi-
nantly were conducted in urban settings,
raising uncertainties about the generaliz-
ability of these findings. In China, since
new health care reforms, diabetes man-
agement has been well structured within
PHC settings. However, with limited
mental health resources, a substantial
proportion of mental health cases re-
main undiagnosed and untreated, espe-
cially in rural areas, where the challenges
of managing physical-mental multimorbid-
ity are particularly acute. In the present
study, we implemented and examined the
effectiveness of a community-based inte-
grated care model for patients with diabe-
tes and depression (CIC-PDD).

RESEARCH DESIGN AND METHODS

Trial Design

The CIC-PDD study was a pragmatic cluster
randomized controlled trial conducted in
two counties in China, with randomization
at the community health center (CHC)
level. The trial protocol and prespeci-
fied statistical analysis plan were pub-
lished previously (16).

Study Population

Patient recruitment occurred in two
phases: initial screening and eligibility
testing. In the first stage, primary health
care providers (PCPs) contacted patients
with T2DM and provided a brief over-
view of the CIC-PDD study. Subsequently,
PCPs reviewed existing electronic health
records to identify preliminary potential
study participants. During the eligibility
testing stage, patients who met the ini-
tial criteria from the initial screening
were invited for additional eligibility as-
sessments and given detailed informa-
tion about the CIC-PDD intervention.

Eligible participants met the following in-
clusion criteria: aged =18 and =85 vyears,
confirmed diagnosis of T2DM, Patient
Health Questionnaire-9 (PHQ-9) score
=10, no serious hearing or vision im-
pairment, able to complete telephone
interviews, and willingness to consent to
randomization.

If any of the following conditions ex-
isted, individuals were excluded from
participation: a serious medical condi-
tion and/or advanced stage of disease
(e.g., heart disease, kidney failure, cancer,
major organ failure); diagnosed with bi-
polar disorder or schizophrenia; currently
taking antipsychotic medication or mood
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stabilizers, or required psychiatric treat-
ment in a medical facility, or had active
suicidal thoughts and intent (item 9 of
the PHQ-9); pregnant or lactating; lived
in a long-term care facility; participated
in other clinical trials; had no fixed ad-
dress or contact details; the PCPs had re-
moved them from the practice diabetes
database or, for other reasons, the PCPs
considered the patient unsuitable to par-
ticipate in this study.

All participants, including patients and
CHCs, provided written informed consent.
The study was approved by the Institu-
tional Review Board at Peking University
(no. IRB00001052-21104) and was con-
ducted in accordance with the published
protocol.

Randomization

We randomized CHCs in each county on
a 1:1 ratio, ensuring an equal number
of CHCs (n = 4) in each group. Addition-
ally, the ratio of urban to rural CHCs in
both the intervention and control groups
was maintained at 1:1. Randomization was
performed by a statistician who was not in-
volved in the study’s implementation.

Due to the nature of the intervention,
blinding of participants and care teams
was not feasible. However, all recruited
outcome assessors remained blinded to
the status of the patient group and
worked independently of the interven-
tion team and study team. Additionally,
the groups were coded and anonymized,
ensuring that researchers were blinded
during the entire analysis and writing
process.

Intervention Components

The CIC-PDD intervention is grounded in
a patient-centered care model, aiming
to enhance the continuity, coordination,
and efficiency of both mental and physi-
cal health care (Supplementary Fig. 1).
The key elements of the CIC-PDD model
are refined to include a multiprofessional
approach, a structured patient treatment
plan, scheduled patient follow-up, and en-
hanced interprofessional communication.

Multi-Professional Approach

The multidisciplinary team comprises three
pivotal roles: specialist team, case manager
(CM), and health communicator. Each role
serves different functions, as described
next. For specific details, please refer to
the published protocol (16).
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Specialist Team. The specialist team
consists of a diabetes specialist, psychi-
atrist, and psychotherapist. Their pri-
mary functions include participating in
collaborative meetings; offering expert
consultation services for patients; deliv-
ering training and professional guidance
to CMs; assisting CMs in adjusting care
plans; and recording regular video ses-
sions to provide ongoing training and
patient self-management support.

Case Managers. In the CIC-PDD model,
CMs are PCPs. Specifically, in urban set-
tings, CMs are typically general practi-
tioners, whereas in rural areas, village
doctors take on this role. Their key re-
sponsibilities include delivering proac-
tive follow-up services over 18 sessions
for patients; attending team meetings
to report on key patients’ conditions;
and making necessary adjustments to
the management plan as needed. In ad-
dition, CMs act as intermediaries be-
tween patients and the specialist team.
Health Communicators. Students from
medical universities are recruited as
health communicators. Their main re-
sponsibilities include organizing and doc-
umenting team meetings; conducting
online health status assessments (e-visits);
verifying the quality of follow-up visits;
and supporting patient self-management.

A Structured Patient Treatment Plan

Each patient receives a tailored treatment
plan based on the CIC-PDD manuals. The
CIC-PDD model uses measurement and
monitoring techniques, incorporating behav-
joral activation strategies, and technology-
based tools (e.g., WeChat official account).

Scheduled Patient Follow-up

In this study patients were proactively fol-
lowed up by CMs over a maximum of
18 sessions over 1 year, encompassing
both high-intensity and low-intensity
phases. These sessions were conducted
either in person or via telephone.

Enhanced Interprofessional Communication
To improve interprofessional communi-
cation and patient management, collab-
orative meetings have been instituted.
The health communicators are responsi-
ble for organizing these meetings to as-
sist CMs and the specialist team in
reviewing patient progress and develop-
ing effective management strategies.
Supplementary Fig. 1 shows the po-
tential components of CIC-PDD model.

In the control group, PCPs were to be
informed about patients’ depressive
symptoms. Notably, health management
of patients with T2DM is one of the serv-
ices provided by the Basic Public Health
Service Package. Therefore, patients in
the control group received enhanced
usual care (EUC).

Data Collection and Follow-up
Patients in both groups attended study
assessments at baseline (prior to ran-
domization) and at 6 and 12 months.
Data collection through interviews was
conducted by trained outcome assessors
who were blinded to group assignments.
Throughout the study, patients were
queried about the occurrence of serious
adverse events. Given the patient popu-
lation, the occurrence of deaths was ex-
pected. CMs reported full details of each
adverse event, including any potential as-
sociations with the intervention. These
details were then discussed with the in-
dependent data monitoring committee.

Outcomes

The primary outcome was the between-
group difference in the unadjusted per-
centage of patients achieving at least a
50% improvement in depression symp-
toms, as measured by the Symptom
Checklist-20 (SCL-20) (17), and at least a
0.5 percentage point reduction in HbA;.
at 6 and 12 months.

Several secondary outcomes were de-
fined for process analysis and mecha-
nism investigation. We assessed change
in quality of life using the 12-ltem Short
Form Health Survey (18). Additionally,
we assessed changes in self-management
behaviors and perceptions, including dia-
betes self-care activities (Summary of Di-
abetes Self-Care Activities Questionnaire)
(19) and medication adherence (Morisky
Medication Adherence Scale) (20); and
burden of treatment (Multimorbidity
Treatment Burden Questionnaire) (21).
Furthermore, data on the care process
experience were collected using the Pa-
tient Assessment of Chronic lllness Care
(PACIC) (22).

Statistical Analysis

The study’s statistical power was based
on detecting between-arm differences
in achieving the primary outcome. We
adjusted for the potential clustering ef-
fect by using an intraclass correlation
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coefficient of 0.03. This adjustment was
based on previous literature (23) and
ensures that the power calculation is
appropriate for the study design. Specif-
ically, with a sample size of 480 patients
(n = 240 per group) across eight CHCs,
we achieved greater than 80% power to
detect a 20% absolute mean difference
(MD) between groups for the primary
outcome (a = 0.05). To further ensure
robustness, we accounted for a 10-15%
potential loss to follow-up by increasing
the sample size to 280 per group. To
tour knowledge, this study has the larg-
est sample size among similar studies.

We used multiple imputation techni-
ques to handle missing data. This pro-
cess yielded 30 complete data sets for
analysis, taking into account the ran-
domization group and covariates. Given
the missing data comprise individuals
who died or who withdrew from the
study, our primary analysis was con-
ducted excluding these participants. As
a part of sensitivity analysis, we reeval-
uated our findings using the data after
multiple imputations.

We undertook an intention-to-treat
analysis for all outcomes, analyzing data
according to patients’ randomization group.
The risk differences (RDs) in achieving the
primary outcome between the intervention
and usual care groups at 6 and 12 months
were calculated. Between-group differ-
ences in means of secondary outcomes
were estimated using linear regression
models. The aforementioned analysis did
not adjust for baseline characteristics but
did account for clustering by using cluster
SEs at the CHC level. In addition, we con-
ducted a sensitivity analysis by controlling
for baseline patient characteristics, which
included sex, age, marital status, residency,
educational attainment, household income,
tobacco use, and alcohol use. Prespecified
subgroup analyses were conducted on the
basis of the baseline characteristics to in-
vestigate potential heterogeneity in inter-
vention effects. For each subgroup, the
primary analysis was repeated, incorpo-
rating the subgroup variable and its
interaction with the treatment to as-
sess the significance of the subgroup
effects.

Analyses were conducted using Stata
17. Estimates are presented with 95% Cls
using two-sided statistical tests, with a sig-
nificance threshold of P < 0.05. The
conduct of the trial was monitored by
independent trial steering and data
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monitoring committees. This trial was reg-
istered with the Chinese Clinical Trial Regis-
try (registration no. ChiCTR2200065608).

RESULTS

We recruited eight CHCs, which collec-
tively served 4,735 patients with diabetes.
A total of 3,759 patients were invited to
participate in the baseline assessment.
Among these patients, 275 individuals
eventually were assigned to the CIC-PDD
group and 355 were assigned to the con-

December 2022 and was completed on
20 January 2023. Differences by study arm
are illustrated in Supplementary Fig. 2.
Table 1 lists demographic characteris-
tics and clinical variables of participants
at baseline. Of 630 participants, most
were older (mean age [SD], 67.58 [7.16]
years), female (n = 441; 70.00%), mar-
ried (n = 525; 83.33%), lived in a rural
area (n = 451; 71.59%), and had a mid-
dle school education or less (n = 406;
64.44%). Most participants did not smoke
(n = 509; 80.79%) or drink alcohol (n =
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and HbA,. level were 1.37 (SD 0.67) and
8.11 (SD 1.39), respectively. Patients in
the two study arms were similar in most
respects.

Outcome data were available for 601
(95.40%) and 585 (92.86%) participants at
the 6- and 12-month follow-up visits. In
terms of primary outcomes, statistically
significant differences were observed be-
tween the CIC-PDD and EUC groups. Inter-
vention participants were more likely to
achieve a 50% reduction in depressive
symptoms (RD 29.92% [49.81% vs. 19.88%,

trol group. Recruitment commenced on 1 488; 77.46%). The patients’ SCL-20 score  respectively]; 95% ClI 20.84-39.01)
Table 1—Baseline characteristics of the study participants
Characteristic Overall EUC group Integrated care group P value
n 630 355 275
Sociodemographic characteristics n(%)
Sex 0.011
Male 189 (30.00) 92 (25.92) 97 (35.27)
Female 441 (70.00) 263 (74.08) 178 (64.73)
Age, mean (SD), years 67.58 (7.16) 67.91 (7.01) 67.15 (7.35) 0.19
Marital status 0.693
Married 525 (83.33) 294 (82.82) 231 (84.00)
Not married 105 (16.67) 61 (17.18) 44 (16.00)
Residency <0.001
Urban 179 (28.41) 78 (21.97) 101 (36.73)
Rural 451 (71.59) 277 (78.03) 174 (63.27)
Educational attainment 0.709
Middle school or less 406 (64.44) 231 (65.07) 175 (63.64)
High school or more 224 (35.56) 124 (34.93) 100 (36.36)
Household income (RMB) 0.001
<26,000 349 (55.40) 218 (61.41) 131 (47.64)
=26,000 281 (44.60) 137 (38.59) 144 (52.36)
Tobacco use 0.048
Currently 54 (8.57) 28 (7.89) 26 (9.45)
Ever 67 (10.63) 29 (8.17) 38 (13.82)
Quit 509 (80.79) 298 (83.94) 211 (76.73)
Alcohol use 0.008
Currently 80 (12.70) 40 (11.27) 40 (14.55)
Ever 62 (9.84) 25 (7.04) 37 (13.45)
Quit 488 (77.46) 290 (81.69) 198 (72.00)
Clinical characteristics
Diabetes and depression indices
SCL-20 score, mean (SD) 1.37 (0.67) 1.38 (0.69) 1.37 (0.64) 0.849
HbA. (%), mean (SD) 8.11 (1.39) 8.09 (1.19) 8.14 (1.61) 0.694
Quality of life
PCS-12 score, mean (SD) 36.62 (9.22) 37.05 (9.38) 36.05 (9.00) 0.176
MCS-12 score, mean (SD) 36.85 (18.54) 36.15 (20.6) 37.77 (15.49) 0.276
Behaviors and perceptions
SDSCA score, mean (SD) 2.59 (0.77) 2.57 (0.79) 2.61 (0.75) 0.428
Morisky-8 score, mean (SD) 5.55 (2.21) 5.45 (2.32) 5.7 (2.06) 0.184
MTBQ score, mean (SD) 7.1 (13.67) 6.59 (12.62) 7.76 (14.92) 0.287
Experience of care
PACIC-20 score, mean (SD) 2.96 (1.11) 2.94 (1.08) 2.98 (1.15) 0.725

MCS-12, Mental Component Summary-12; Morisky-8, Morisky Medication Adherence Scale 8; MTBQ, Multimorbidity Treatment Burden Ques-
tionnaire; PCS-12, Physical Component Summary-12; SDSCA, Summary of Diabetes Self-Care Activities Questionnaire.
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compared with the EUC group. For
HbA,. at 6 months, the RD was 11.50%
(19.69% vs. 8.19%, respectively; 95% CI
5.17-17.84). At 12 months, the CIC-PDD
group had an RD of 31.03% (62.06% vs.
31.02%, respectively; 95% Cl 21.85-40.21)
for depressive symptoms and 19.16%
(32.41% vs. 13.25%, respectively; 95%
Cl 11.35-26.97) for HbA;. compared with
the EUC group (Fig. 1 and Table 2). Sen-
sitivity analyses showed that these find-
ings were robust in adjusted models
(Supplementary Tables 1 and 2).

Results for measures of secondary
outcomes at 6 months are presented in
Table 2. There was no evidence of a dif-
ference between the intervention and
EUC groups with respect to measures of
physical health-related quality of life.
Compared with the EUC group, the in-
tervention group demonstrated higher
mental health-related quality of life, with
an MD of 5.67 (42.99 vs. 37.32, respec-
tively; 95% Cl 2.73-8.60) at 6 months
and 6.74 (46.57 vs. 39.83, respectively;
95% Cl 3.75-9.74) at 12 months.

Moreover, regarding changes in behav-
iors and perceptions, patients in the inter-
vention group made significant improve-
ments in diabetes self-care activities, with
an MD of 0.68 (3.35 vs. 2.67, respectively;
95% Cl 0.54-0.83) at 6 months and 0.69
(3.46 vs. 2.78, respectively; 95% CI
0.52-0.86) at 12 months. Additionally,
medication adherence improved, with

SCL-20
—e— Enhanced Usual Care

804

60

40

204

Patients with 250% improvement in SCL-20 score, %

—e— Integrated Care

an MD of 0.63 (6.33 vs. 5.70, respec-
tively; 95% Cl 0.28-0.97) at 6 months
and 0.72 (6.49 vs. 5.78, respectively;
95% Cl 0.37-1.07) at 12 months. No
cases of patients taking antidepressants
were found.

The assessment of patient-centered
care, measured by the PACIC scale, also
revealed benefits from the intervention,
with an MD of 0.52 (3.49 vs. 2.97, respec-
tively; 95% Cl = 0.35-0.69) at 6 months
and 0.89 (3.84 vs. 2.95, respectively; 95%
Cl 0.65-1.12) at 12 months.

Notably, the rural participants derived
more benefits compared with the urban
in primary outcomes (for depressive symp-
toms, P = 0.047; for HbA;., P = 0.032)
(Fig. 2). Additionally, medication adher-
ence (P = 0.016) and diabetes self-care
activities (P < 0.001) also showed a more
pronounced effect in the rural population
(Supplementary Figs. 3 and 4).

During the trial, a total of 12 (1.90%)
of the 630 patients died, and 33 (5.24%)
withdrew from the study. There was no
evidence of a difference in the number
of patients lost to follow-up between the
intervention and control group (x2 = 1.58;
P = 0.208) (Supplementary Table 3). None
of the deaths were possibly associated with
the CIC-PDD intervention. In addition, the
sensitivity analysis was conducted to mitigate
the bias from missing data, and the results
remained consistent (Supplementary Tables
4 and 5).

40+

30

20

Patients with 20.5% reduction in HbA,,, %

0 6
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CONCLUSIONS

In this cluster randomized control trial
involving patients with diabetes and de-
pression, a multicomponent integrated
care intervention (CIC-PDD) achieved
clinically meaningful improvements in
depression and HbA,., especially among
rural participants. Compared with EUC,
there were enhancements in diabetes
self-management activities and medica-
tion adherence. Furthermore, the inter-
vention led to noteworthy enhancements
in the patient-centered care experience.
The trial provides new insights into
the effects of an integrated care model
on clinical parameters among patients
with diabetes and depression. This study
has identified that the CIC-PDD inter-
vention was effective in ameliorating
depressive symptoms in patients with
both depression and diabetes, aligning
with our prior systematic review (15).
Additionally, we also found that inter-
vention resulted in significant enhance-
ments in emotional functional outcomes,
consistent with the Ell et al. study (24). In
contrast, Johnson et al. (25) did not ob-
serve a positive effect, likely due to a
smaller sample size. Regarding physical
health, the present study revealed that
the intervention yielded improvements in
patients’ HbA,. values and did not affect
physical health-related quality of life. Other
related but substantially more intensive
interventions also did not demonstrate

HbA,

—e— Integrated Care

Time after randomization, mo

6 12

Time after randomization, mo

Figure 1—Effects of CIC-PDD Intervention on Primary Outcomes (12 months). The dots represent the estimated values (red: intervention group;
blue: control group), and the bars represent 95% confidence intervals.
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Table 2—Effectiveness of the CIC-PDD intervention on the primary and secondary outcomes

6-Month follow-up 12-Month follow-up

Integrated Unadjusted Integrated Unadjusted
Outcome EUC group care group difference P value*  EUC group care group difference P value*
n 342 259 332 253
Primary outcome
RD
=50% 68 (19.88) 129 (49.81) 29.92 (20.84 <0.001 103 (31.02) 157 (62.06) 31.03 (21.85  <0.001
improvement in to 39.01) to 40.21)
SCL-20 score
=0.5-percentage 28 (8.19) 51 (19.69) 11.5 (5.17 <0.001 44 (13.25) 82 (32.41) 19.16 (11.35 <0.001
point reduction to 17.84) to 26.97)
in HbA;.
Secondary outcomes
MD
SCL-20 score, 1.26 (0.73) 0.76 (0.58) —0.51 (—0.61 <0.001 1.08 (0.69) 0.64 (0.57) —0.44 (—0.54 <0.001
mean (SD) to —0.40) to —0.33)
HbA;., mean (SD) 8.08 (1.06) 7.99 (1.43) —0.08 (—0.28  0.408 8.03 (1.07) 7.81 (1.37) —0.21 (—0.41  0.036
to 0.12) to —0.01)
Quality of life
PCS-12 score, 37.68 (9.09) 38.66 (11.72) 0.98 (—0.68  0.248  38.63 (10.94) 40.06 (11.92) 1.42 (—0.44  0.134
mean (SD) to 2.64) to 3.28)
MCS-12 score, 37.32 (19.59) 42.99 (16.16) 5.67 (2.73 <0.001 39.83 (19.8) 46.57 (16.18) 6.74 (3.75 <0.001
mean (SD) to 8.6) to 9.74)
Change in behaviors
and perceptions
SDSCA score, mean  2.67 (0.95) 3.35 (0.86) 0.68 (0.54 <0.001 2.78 (1.02) 3.46 (1.05) 0.69 (0.52 <0.001
(SD) to 0.83) to 0.86)
Morisky-8 score, 5.70 (2.16) 6.33 (1.79) 0.63 (0.28 <0.001 5.78 (2.4) 6.49 (1.46) 0.72 (0.37 <0.001
mean (SD) to 0.97) to 1.07)
MTBQ score, mean  6.33 (11.88)  6.09 (14.00) —0.24 (—2.31  0.822 6.15 (10.61) 5.71 (9.69) —0.44 (—2.12  0.603
(SD) to 1.83) to 1.23)
Experience of care
PACIC-20 score, 2.97 (1.08) 3.49 (0.89) 0.52 (0.35 <0.001  2.95 (1.18) 3.84 (1.01) 0.89 (0.65 <0.001
mean (SD) to 0.69) to 1.12)

Data are reported as mean (SD) or n (%), unless otherwise indicated; treatment effects are presented as unadjusted results. *P values repre-
sent statistical significance of overall between-group RD or MD calculated by cluster SE. Values in bold are statistically significant. MCS-12,
Mental Component Summary-12; Morisky-8, Morisky Medication Adherence Scale 8; MTBQ, Multimorbidity Treatment Burden Questionnaire;
PCS-12, Physical Component Summary-12; SDSCA, Summary of Diabetes Self-Care Activities Questionnaire.

evidence of improved quality of life (24).
The results regarding HbA;. were consis-
tent with those reported in some previ-
ous reviews (26), but differed from others
(15,27). Moreover, the findings of this
study align with those of the Integrating
Depression and Diabetes Treatment (IN-
DEPENDENT) study conducted in India
(28). In contrast, we observed an expan-
sion in effects from 6 to 12 months, which
may be attributed to differences in the in-
tervention plan. Previous studies imple-
mented follow-up intervals ranging from
weekly to monthly. In comparison, the
CIC-PDD model, which consists of two
phases with a relatively moderate fol-
low-up frequency, appears to show ef-
fects attributable directly to the care
plan itself. To delve deeper into its
mechanism, the study uncovered partici-
pants in the intervention group made

significantly greater improvements in
self-health management, encompass-
ing enhancements in diabetes self-
care behaviors and medication adhe-
rence.

Despite the absence of significant
changes in treatment burden, patients
reported notable improvements in care
experience. Although few studies have
focused on the measurement of patients’
self-perceptions, these perceptions are cru-
cial in the patient-centered care model
(15). Additionally, managing multimor-
bidity imposes a substantial burden on
patients, in addition to the burden of
illness (3,28). In China, limited resour-
ces have led to inadequate attention to
mental health concerns, particularly in
PHC settings, with only 0.5% of patients
with depressive disorders receiving
adequate treatment (29). Consequently,

patients may not yet be fully aware of
the treatment burden associated with
depression, rendering current measure-
ment tools insufficiently sensitive for
these patients. When comparing our re-
sults with other multimorbidity patterns
(30), it is evident that participants in our
study experienced a relatively lower
treatment burden. The changes imple-
mented through the CIC-PDD interven-
tion were significant enough to report
improvements in the patient-centered
care experience. The fragmentation of
mental and physical health care often
results in poorly coordinated health
care (28). Enhancing the patient experi-
ence aligns with one of the three aims of
health care (31). Therefore, delivering in-
tegrated care that is demonstrably more
patient-centered can be seen as a suffi-
cient justification for its implementation.
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SCL-20 HbA,,
Sex (P=0.305) | | Sex (P=0.411) | |
Male | | — Male | | —_—
Female | | — Female | | ——
| |
Age, years (P =0.918) : Age, years (P =0.24) :
<65 | | — <65 | | ——
>65 | — >65 | | —_—
| |
Marital Status (P=0.24) | | Marital Status (P=0.925) | |
Married | ! — Married | | —_—
Not married : — Not married : —
| |
Educational Attainment (P=0.609) | | Educational Attainment (P=0.679) | |
Middle school or below | | — Middle school or below | | —
High school or above : —— High school or above : ——
Household Income (P=0.364) : Household Income (P =0.394) :
<26,000 | | — <26,000 | | ——
26,000 | | — 26,000 | | —
| |
Residency (P=0.047) : Residency (P = 0.032) :
Urban I — Urban | T
Rural | | — Rural | —
| |
Tobacco Use (P=0.329) | | Tobacco Use (P=0.463) | |
Yes || — Yes || —_—
Ever : — Ever : —
No | — No || —
| |
Alcohol Use (P=0.473) | | Alcohol Use (P=0.757) | |
Yes | | —— Yes | | —
Ever : — Ever : —
No | — No | —
0 15 30 45 60 0 10 20 30 40

Figure 2—Subgroup Analysis of Primary Outcomes (12 months). The dots represent the estimated RDs between the intervention and control
groups across various categories, and the bars represent 95% Cls.

The CIC-PDD intervention helps address
the urban-rural inequality in multimorbid-
ity, with more pronounced benefits ob-
served in patients residing in rural areas.
For the majority of subgroups, this study
did not reveal significant heterogeneity in
treatment effects. The possible explanation
is that the sample size hindered meaningful
subgroup analysis and conclusions. Never-
theless, patients in rural areas experienced
more significant improvements in primary
outcomes in this study. On one hand,
this may be attributed to this subgroup’s
lower socioeconomic status and lower
awareness of self-health management
compared with their urban counter-
parts. Consequently, patients in rural
areas seemed to be more responsive to
the intervention. This is affirmed by a
higher degree of medication adherence
and more significant improvements in
diabetes self-management activities in
rural areas (Supplementary Figs. 2 and
3). Additionally, in rural areas, the village

physician has a closer social bond be-
yond their trustworthy doctor-patient
relationship, compared with patients in
urban settings (32).

This study provides valuable insights
into the management of physical and
mental multimorbidity within PHC set-
tings. In China, there are approximately
20,000 psychiatrists, of whom only about
4,000 are fully qualified (33). Moreover, it
has been observed that high-quality men-
tal health services are predominantly cen-
tralized within major psychiatric specialty
hospitals in urban areas (29). The CIC-PDD
model achieves a redeployment of the
scarce resources. This study furnishes new
evidence that the effective identification
and treatment of patients with diabetes
and depression can be accomplished even
in diverse, low-resource, and fragmented
health care settings.

Our findings provide crucial and ac-
tionable insights for the advancement
of integrated care models and theories.

The CIC-PDD model achieves the triple
integration of physical and mental health,
primary (CM) and secondary care (spe-
cialist team), and health and social care
(health coordinators). In HICs, the role of
the CM is typically performed by a nurse
(15,34). However, in rural areas of China,
there is a shortage of nurses, and in ur-
ban CHCs, nurses mainly focus on medi-
cal services. In the CIC-PDD model, we
designated PCPs as CMs and introduced
health communicators to bridge the
gap between CMs and specialist teams.
Establishing this PCP-led integrated model
underscores the need for contextual adap-
tation when implementing it in diverse
PHC settings. Effective adaptation will re-
quire aligning the model with the primary
roles of local PCPs and the structure of
health care human resources.

Future efforts should focus on refin-
ing and adapting the CIC-PDD model.
This could involve initiatives such as in-
tegrating the model with electronic
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health record systems and developing
digital platforms for multimorbidity
management. In addition, longer-term
implementation studies are needed to
fully understand the CIC-PDD model, in-
cluding its cost-effectiveness and opti-
mal methods to integrate it into routine
practice, as well as its generalizability
and sustainability. Considering that the
implementation of CIC-PDD involves
changes in health care service delivery
mode and health resources, it is essential
to analyze the components and evolving
trends of facilitators and barriers. This
would contribute to the generalizability
and the feasibility of translating the model
into practice.

Strengths

This trial has several notable strengths.
First, it is a well-powered trial of an in-
tegrated care intervention aimed at en-
hancing the treatment of patients with
comorbid depression and diabetes. It is
also, to our knowledge, the first inter-
vention study tailored for patients with
multimorbidity, and stands as the pio-
neering implementation study providing
microlevel evidence for an integrated
health care system in China. Second,
the trial is highly pragmatic, effectively
demonstrating the practicability, accept-
ability, and effectiveness of the CIC-PDD
model. Finally, unlike previous studies
conducted exclusively in urban clinic
settings, this study encompassed CHCs
from both rural and urban areas, en-
abling a comprehensive representation
of PHC and community settings. Impor-
tantly, this study not only broadens the
scope of the study but also provides evi-
dence that the CIC-PDD model mitigates
health inequality related to mental and
physical multimorbidity across urban and
rural divides.

Limitations

The CIC-PDD study, along with this analy-
sis, has some limitations. First, the results
presented are based on two follow-up as-
sessments at 6 and 12 months, and the
maintenance effects remain uncertain.
Although the data presented show sig-
nificantly efficacy of CIC-PDD interven-
tion, we acknowledge that observing
the sustained effects is necessary to en-
hance its potential for practical imple-
mentation. Second is that self-reported
outcomes may introduce assessment

bias. To address this, all outcome asses-
sors received training on the survey
tools and underwent simulated assess-
ments, and all outcome data were col-
lected through in-person interviews.
We implemented a strict protocol dur-
ing the data collection process, ensur-
ing that interviews occurred within a
dedicated, isolated space. Additionally,
stringent measures were enforced to
ensure that no unrelated individuals
were present on-site. Last, there was a
slight imbalance in cluster size and indi-
vidual-level characteristics at baseline,
a common issue in cluster designs. We
took meticulous steps to mitigate po-
tential selection bias, including conceal-
ing randomization allocation until the
completion of recruitment and baseline
data collection. Moreover, we made ad-
justments for predefined covariates.

Conclusions

We have demonstrated that patients
with comorbid depression and diabetes
can attain significant benefits from CIC-
PDD interventions, with particularly no-
table advantages in rural areas under
the PCP-led care model in China. It is of
utmost importance for the health and
well-being of individuals with mental
and physical multimorbidity that future
research focuses on effectively imple-
menting integrated care models into
routine PHC settings in LMICs. In this
study, we provide a blueprint, a verita-
ble template, for such efforts.
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