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Does integrated health management Gl

within a county medical consortium improve
rural type 2 diabetic patients’ self-management
behavior and quality of life? An empirical
analysis from Eastern China
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Abstract

Background Levels of self-management behaviors (SMB) and quality of life (QoL) are suboptimal in Chinese adults
with type 2 diabetes (T2D), especially in rural China. Integrated health management within a county medical con-
sortium, featuring multi-level teams of doctors, nurses, and other professionals offering follow-up services such

as check-ups, assessments, treatment, and health education, is promising in improving this. This study aimed to assess
the effect of integrated health management within a county medical consortium on the SMB and QoL of rural T2D
patients in China.

Methods Based on a survey conducted on the county medical consortium in Eastern China, this study initially
employed propensity score matching (PSM), a nonparametric technique, to precisely estimate the average treatment
effect on the treated (ATT) of integrated health management on SMB and QoL in rural T2D patients. Subsequently,
quantile regression was also performed to estimate the relationship between the implementation of integrated
health management, sociodemographic factors, follow-up services (offered during integrated health management)
and both SMB and Qol.

Results The ATT values for SMB and Qol, representing the net effect of integrated health management

within a county medical consortium on SMB and Qol, were significantly positive. They ranged from 4.34 to 4.67

for SMB and from 0.89 to 1.06 for QolL, respectively, based on the four different PSM modalities. The results of quan-
tile regression also revealed a statistically significant positive association between the implementation of integrated
health management and both SMB (coef. = 4.15) and QoL (coef. = 1.54). These findings suggest that integrated health
management within a county medical consortium can effectively improve SMB and QoL in rural T2D patients. Fur-
thermore, frequency of follow-up service and health behavior guidance were positively associated with SMB and Qol.
Conversely, on-call follow-up services, medication guidance and follow-up services at medical institutions were
negatively correlated with SMB or QoL.
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Conclusions The study highlights the effectiveness of integrated health management within a county medical con-
sortium in improving SMB and QoL among individuals with T2D in rural China. The findings offer invaluable insights
for the advancement of chronic disease management in rural areas of developing countries.

Keywords Self-management behavior, Quality of life, Type 2 Diabetes, Medical consortium, Integrated health

management

Introduction

Diabetes is currently one of the most widespread and
life-threatening chronic illnesses worldwide. The global
prevalence of diabetes among adults aged 20—79 years
was estimated at 9.8% (536.6 million) in 2021; this is pre-
dicted to reach 12.2% (783.2 million) by 2045 [1]. Nota-
bly, China had the highest number of diabetic individuals
in 2021, with a prevalence of 10.6% (total of 141 million
individuals, of which more than 90% have type 2 diabetes
(T2D)) [1]. Moreover, 78% of Chinese adults with T2D
develop several complications [2]. Patients’ physical and
psychological health is significantly impacted by diabetes
and its complications, which also poses a significant chal-
lenge for healthcare and society [3]. Self-management
behavior (SMB) refers to the daily behaviors that dia-
betic individuals adopt to manage their condition. These
behaviors include self-monitoring of blood glucose, med-
ication adherence and compliance, dietary, exercise activ-
ities, and foot care, among others; the aim is to monitor
symptoms and maintain and improve health outcomes.
The World Health Organization (WHO) has emphasized
that improving diabetes patients’ self-management abil-
ity is more effective than any other intervention measure
in disease control [4]. National and international stud-
ies have consistently demonstrated suboptimal levels of
SMB among individuals with T2D. In the United States,
only 42% meet dietary guidelines while 70% fall short in
physical activity [5]. Similarly, Australian T2D patients
attained an average 50% self-management score, with low
performance in exercise and foot care [6]. Several stud-
ies from developing countries have also revealed similar
results [7, 8]. In China, T2D patients have demonstrated
poor adherence to self-monitoring of blood-glucose and
foot care [3]. Notably, owing to the considerable urban-
rural gap in terms of economic and social development,
T2D patients in rural China tend to have lower health
literacy, poorer living environments, and lower quality of
healthcare, resulting in poorer health behaviors and qual-
ity of life (QoL) [9].

Interventions for management of diabetes may improve
patient SMB and QoL. Studies have demonstrated that
support from peers, medical professionals, or health edu-
cation interventions may enhance T2D patients’ SMB
and improve their QoL [10, 11]. However, the impact
of these interventions is limited by a fragmented and

intermittent nature of disease management and treat-
ment, addressing the patients’ wide-ranging and compre-
hensive needs inadequately, and ultimately resulting in a
limited impact in improving SMB and health outcomes
[12]. The WHO first proposed integrated health care
in 1996 [13], marking the advent of a more systematic
approach to managing chronic conditions such as T2D.
This approach was further developed through models
like the Chronic Care Model by Ed Wagner and the Inno-
vative Care for Chronic Conditions (ICCC) [14, 15]. By
connecting services from multiple healthcare providers,
integrated health management helps boost service con-
tinuity while improving health behaviors and outcomes
in patients with chronic conditions. These models have
been successfully implemented in Australia, Russia, and
other countries [16—19]. Studies show that patients with
chronic conditions can benefit from it in terms of both
health behaviors and outcomes [20-22]. In 2016, the
WHO formally defined integrated health management
as “a continuum of health promotion, disease prevention,
diagnosis, treatment, disease management, rehabilitation,
and palliative care services for people, coordinated at dif-
ferent levels and locations within and outside the health
sector’, and emphasizes the importance of integrated
health management in guiding people with chronic dis-
eases to participate in self-management [23].

Promoting integrated health management within
a medical consortium has emerged as a crucial focus
of the ongoing healthcare system reform in China.
In 2017, the General Office of the State Council
issued “Guidance on Promoting the Construction and
Development of Medical Consortium’, emphasizing
the pivotal role of medical consortium for advanc-
ing healthcare reform. In 2020, the National Health
Commission issued the “Management Measures for
Medical Consortium” with the aim of expediting the
establishment of integrated health management within
the medical consortiums. The medical consortium
mainly comprises urban and county-level consortiums.
Urban medical consortiums are in cities and are led
by tertiary public hospitals; they are formed through
collaboration with community health service institu-
tions, nursing homes, and professional rehabilitation
centers. County consortiums are composed of three
levels of medical care institutions in rural areas, led
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by a county-level hospital; township health centers act
as hubs and village health offices act as bases. Inte-
grated health management within a county medical
consortium is provided by teams that combine doc-
tors, nurses, and other healthcare professionals from
various levels including county, township, and village.
The teams provide follow-up services that include rou-
tine check-ups, health assessments, disease diagnosis
and treatment, and health education, among others.
One of the key goals of integrated health management
within a county medical consortium is to help patients
with chronic disease achieve better health behaviors
and outcomes; it therefore offers a promising model
for improving SMB and QoL in T2D patients. Over
the past few years, several studies have assessed the
effect of integrated health management within urban
medical consortiums in China. These studies found
these consortiums were effective in improving health
behaviors and outcomes in individuals with chronic
diseases [24, 25]. However, these studies only reported
a correlation between integrated health management
and health behaviors and outcomes using regression
analysis; they have not provided a precise estimate
of the policy effects of such management approaches
on health behaviors and outcomes. In addition, prior
research has not evaluated the impact of integrated
health management within a county medical consor-
tium on health behaviors and outcomes among rural
patients with chronic disease.

Due to significant urban-rural disparity in China,
T2D patients from rural areas tend to have lower health
literacy, poorer living environments, and lower qual-
ity of healthcare, resulting in poorer SMB and QoL.
Integrated health management within a county medi-
cal consortium provides a viable model for improving
SMB and QoL among rural T2D patients. However, it
remains unclear whether integrated health manage-
ment affects SMB and QoL in rural patients with T2D.
This study initially utilized propensity score match-
ing (PSM), a nonparametric technique, to estimate the
average treatment effect on the treated (ATT) of inte-
grated health management within a county medical
consortium on the SMB and QoL of rural T2D patients.
PSM was employed to control for confounding bias
originating from observable variables in the treatment
and control groups, ensuring accurate assessment of
the net impact of policy implementation. Subsequently,
quantile regression was additionally performed to esti-
mate the relationship between the implementation
of integrated health management, sociodemographic
factors, follow-up services (offered during integrated
health management) and both SMB and QoL in rural
T2D patients.
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Methods

Data source

The data used in this study were obtained from a sur-
vey on integrated health management within the county
medical consortium of Binhai County, Jiangsu Province,
eastern China. In 2019, 24 counties in Jiangsu Province
were selected as pilot areas for closely integrated county
medical communities. As one of the pilot areas, Binhai
county developed a typical county medical consortium,
which is led by Binhai County People’s Hospital; the
Caiqiao Township Health Center serves as the hub and
village health offices serve as the bases. Residents are
provided integrated health management by health man-
agement teams, which comprise doctors and nurses from
medical institutions of different levels within the county
medical consortium. Health management teams regularly
provide follow-up services for T2D patients, monitoring
their health status and providing timely interventions.
The diabetes follow-up service encompasses blood-
glucose monitoring, inquiry about diabetes symptoms,
medication guidance, health behavior guidance, and
treatment for a condition other than diabetes. The teams
deliver services in households or on-call, and patients can
also visit medical institutions for follow-up services.

We included T2D patients from Caigiao Town (which
implemented integrated health management within the
county medical consortium) in the treatment group;
patients from Zhenghong Town were included in the
control group (a town is geographically adjacent, but out-
side the county medical consortium and does not imple-
ment integrated health management). The survey was
conducted in May 2022. All patients were enrolled by
whole-group sampling using the township health center
database, and the survey was conducted by surveyors in
collaboration with family physicians. Inclusion criteria
for participants encompassed the following demographic
characteristics: rural residential registration; the age of
18 years or older; and confirmed T2D diagnosis as per
medical records. Exclusion criteria comprised adults with
cognitive impairments and mental disorders affecting
communication (e.g., aphasia or deafness), which could
potentially hinder survey completion. Questionnaire
content included patients’ basic information, socioeco-
nomic characteristics, follow-up services for treatment
group (frequency, mode, and content), self-efficacy, social
support, diabetes SMB, and QoL. A total of 2,193 ques-
tionnaires were completed, of which 1,792 were deemed
valid (890 in the treatment group and 902 in the control
group), with an effective rate of 81.71%.

Variable selection
The dependent variables were QoL and SMB, and the
independent variables included the implementation of
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integrated health management, the follow-up service
(frequency, mode, and content), self-efficacy, social sup-
port, diabetes-related knowledge, diabetes-related dis-
tress, and demographic characteristics (age, gender,
personal income, education, marriage, employment, co-
morbidity, incapacity, and self-reported health). Table 1
provides a detailed description of the variables.

The scales of the relevant variables used in this study
were as follows:

The Diabetes-specific Quality-of-Life (D-QoL)

The D-QoL was widely used for assessing the QoL of
T2D patients [26]. The scale has four dimensions (physi-
ology, psychology, social, and therapy) and 27 compo-
nents in the Chinese version and has been tested for
reliability and validity [26]. Scores for the responses to
each item range from 1 (very satisfied) to 5 (very dissatis-
fied); the items are scored in reverse order. We converted
the scores for each item to a positive score to facilitate
the interpretation of the results; this score was obtained
by adding 1 to the difference between the maximum and
reverse score (Table 1).

The Summary of Diabetes Self-Care Activities (SDSCA)

Toobert et al. created the SDSCA tool to assess SMB in
T2D patients. This study used the SDSCA with 6 dimen-
sions (11 items): food management, foot care, glucose
monitoring, exercise management, and medication man-
agement [27]. The response to each item indicates the
number of days the patient performed the behavior dur-
ing the previous week. The SDSCA is currently the most
widely used and authoritative scale to measure the SMB
of diabetic patients. The Chinese version of the SDSCA
scale was utilized in this study. Qiao et al. localized and
tested the original SDSCA scale, and the internal consist-
ency reliability of the Chinese version of the SDSCA scale
was 0.918 [28].

Additionally, self-efficacy was evaluated using the Self-
Efficacy for Managing Chronic Disease 6-Item Scale
(SECD6). Multi-social support measures were assessed
using the Chronic Illness Resources Survey (CIRS),
while diabetes knowledge was gauged with the Audit of
Diabetes Knowledge (AD-knowl). Diabetes-related dis-
tress was quantified using the Problem Areas in Diabetes
Scale (PAID), and self-reported health was measured via
the EuroQol Visual Analogue Scale (EQ-VAS). All scales
were utilized in their Chinese versions and were validated
in Mandarin. The detailed descriptions of these scales are
provided in the supplementary materials.

Statistical analysis
Descriptive analysis
Data were analyzed using STATA 16.0 (College Sta-
tion, TX, USA). To obtain a preliminary overview of the
characteristics, SMB, and QoL among T2D patients, we
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calculated the median and interquartile range (IQR) for
continuous variables and the prevalence and 95% cred-
ibility intervals (CI) for categorical variables.

Propensity score matching
Propensity score matching (PSM) is a suitable nonpara-
metric method for estimating the net effect of policy
implementation, as it allows for control of confounding
bias arising from observable variables between treatment
and control groups; it also enables accurate estimation
of the ATT of policy implementation [29]. Therefore, we
conducted PSM to precisely estimate the ATT of inte-
grated health management within the county medical
consortium on SMB and QoL of rural patients with T2D.
In the matching process, a binary dummy vari-
able T was used, where T=1 represented the treatment
group and T=0 represented the control group. To avoid
confounding bias, the matching approach identified
patients in the control group who had very similar like-
lihood of obtaining integrated health management as
patients in the treatment group. The following formula
reflected their likelihood of obtaining integrated health
management:

Pi(X) =Pr{A = T} = F{h(X))}

X; was the matching variable that signified the char-
acteristic variable for the ith T2D patient. We selected
self-efficacy, social support, diabetes-related knowledge,
diabetes-related distress, age, gender, personal income,
education, marriage, employment, co-morbidity, inca-
pacity, and self-reported health as matching variables
based on previous studies and the law of maximizing R?
h(.) indicated a linear function, F(.) a logit function, and
P;(X) the predicted probability value. We used K-near-
est neighbor matching, caliper specification, and kernel
matching to address the constraints of continuous vari-
able propensity score estimation [30]. K values of 1 and
4 for the K-nearest neighbor matching and a 0.02 caliper
tolerance were used to restrict the absolute variance of
PSM for an observation pair.

Based on the above model, we initially performed the
test of the common support assumptions to ensure that
the treatment and control groups have a common sup-
port across all covariates. Then we performed the covari-
ate imbalance test for the treatment and control groups
to guarantee the control for potential confounding bias
originating from observable variables. Subsequently, the
ATT for integrated health management was calculated.
In order to test the robustness of the PSM results, we
estimated the ATT using four different PSM modalities
(1:4 nearest neighbor matching, 1:4 intra-caliper nearest
neighbor matching, 1:1 nearest neighbor matching, and
kernel matching).
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Table 1 Definition of variables
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Variable

Description

Indicators/survey questions

Dependent variables
Quiality of life (QoL)
Physiology
Psychology
Social
Therapy
Self-management (SM)
General diet
Specific diet
Exercise
Blood-glucose testing

Foot care
Medications
Independent variables
Implement of integrated health management

Follow-up service frequency

Follow-up service content
Measuring blood glucose
Inquiring about diabetes symptoms
Medication guidance
Treatment for a condition other than diabetes
Health behavior guidance
Follow-up service mode
Households and home visiting
Going to a medical institution
On call
Self-efficacy
Support from family and friends
Support from physician/health care team
Support from neighborhood/community

Diabetes-related knowledge

Diabetes-related distress
Age (year)

Gender

Personal income ($)

Education
Marital status

Employment status
Co-morbidity

Incapacity

Self-reported health

162 - (Sum of D-Qol)

6 — (Mean of physiology dimension)

6 — (Mean of psychology dimension)

6 — (Mean of social dimension)

6 — (Mean of therapy dimension)

Sum of SDSCA

Mean of general diet dimension

Mean of specific diet dimension

Mean of exercise dimension

Mean of blood-glucose testing dimension

Mean of medications dimension
Mean of foot care dimension

=1, if yes; =0, if not no
=1,if >2; =0, if <2

=1, if acquired; =0, if not acquired
=1, if acquired; =0, if not acquired
=1, if acquired; =0, if not acquired
=1, if acquired; =0, if not acquired
=1, if acquired; =0, if not acquired

=1, if acquired; =0, if not acquired

=1, if acquired; =0, if not acquired

=1, if acquired; =0, if not acquired

Mean of SECD6

Mean of the family/friend subscales

Mean of the doctor/health care team subscales
Mean of the neighborhood/community subscales

Number of questions properly answered / Number
of questions answered

Sum of PAID questions
=1,if 265; =0, if <65
=1, if female; =0, if male

=1,if <149; =2, if >149 and <297, =3, if >297
and <743;=4, if >743

=1, if elementary school and below; =2, junior high
school; =3, if high school and above

=1, if married; =0, if single, widowed, divorced,
and other

=1, if unemployed; =2, if employed; =3, if retire

=1, if having chronic diseases other than diabetes;
=0, if diabetes only

=1, if without incapacity; =2, if with incapacity

Continuous variables

Twenty-seven questions of the D-QolL
Physiology dimension of D-QoL (items 1-12)
Psychology dimension of D-QolL (items 13-20)
Social dimension of D-QoL (items 21-24)
Therapy dimension of D-QolL (items 25-27)
Eleven questions of the SDSCA

General diet dimension of SDSCA (items 1-2)
Specific diet dimension of SDSCA (items 3-4)
Exercise dimension of SDSCA (items 5-6)
Blood-glucose testing dimension of SDSCA (items
7-8)

Medications dimension of SDSCA (items 9-10)
Foot care dimension of SDSCA (item 11)

How many times did you receive follow-up service
from the integrated health management team
in the last three months?

Question: What are the components of the follow-
up service you received from the integrated health
management team?

Question: What are the modes of follow-up services
you received from the integrated health manage-
ment team? (Multiple choice)

Six questions of the SECD6

The family/friend subscales of the CIRS

The doctor/health care team subscales of the CIRS
The neighborhood/community subscales of the CIRS
Questions of the AD-know!

Twenty questions of the PAID
Question: Year of birth
Question: What is your sex?

Question: What was your total income in the previ-
ous year?

Question: What is your education level?
Question: What is your marital status?

Question: What is your employment status?

Question: Have you been diagnosed with any chronic
diseases?

Question: Do you have any incapacity (such as dress-
ing/undressing, dining, and bathing, among others)
Question: How would you rate your health today

on a scale of 0 (worst possible health) to 100 (best
possible health)? (EQ-VAS)

SECDE6 Self-Efficacy for Managing Chronic Disease 6-Item Scale, D-Qol Diabetes-specific Quality-of-Life, SDSCA Summary of Diabetes Self-Care Activities, CIRS Chronic
Iliness Resources Survey, AD-know! Audit of Diabetes Knowledge, PAID Problem Areas in Diabetes Scale, EQ-VAS EuroQol Visual Analogue Scale
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Quantile regression

The quantile regression, akin to the classical least squares
approach in linear regression, involves minimizing the
absolute residuals asymmetrically. This method becomes
especially relevant when the distribution of explana-
tory variables deviates from normality, rendering tradi-
tional least squares estimation ineffective. In such cases,
quantile regression provides a more robust alternative
for statistical analysis. In this study, the choice to utilize
quantile regression was driven by the non-normal distri-
butions of QoL and SMB, necessitating a more flexible
estimation method.

After matching the samples in the treatment and con-
trol groups, the sample frequencies derived from PSM
can be utilized as weighting factors to perform a weighted
regression analysis on the relevant factors. This approach
facilitates the adjustment for potential confounders,
thereby strengthening the statistical validity and preci-
sion of the regression analysis. We utilized frequency-
weighted quantile regression to explore the association
of the implementation of integrated health management,
sociodemographic factors with QoL and SMB. In addi-
tion, general quantile regression was also employed to
investigate the relationship between follow-up services
(offered during integrated health management) and both
QoL and SMB in the treatment group.

Results

Characteristics of the sampled diabetic patients

Table 2 provides a detailed description of the participant
characteristics in the treatment (890 individuals) and
control (902 individuals) groups. In the treatment group,
65.3% of the respondents were aged 65 years old and
above, 37.2% were male, 83.3% were married, and 48.5%
had an income of > $297 per year. Most respondents
had an education level of elementary school and below
(76.1%) and were unemployed (66.3%); 67.2% of respond-
ents had a chronic disease other than diabetes. The
median QoL value was 116.00; the physiology dimension
had the lowest median value (4.17), and the social dimen-
sion had the highest median value (4.75). The median
value of SMB was 40.00; medication had highest median
value at 7.00. Blood-glucose measurement and foot care
had lower median values of only 2.00 and 1.50, respec-
tively. Approximately 80.2% of respondents received fol-
low-up services for more than twice in the past 3 months;
most received blood glucose measurement (99.3%),
inquiry about diabetic symptoms (87.8%), treatment for a
condition other than diabetes (63.6%), medications guid-
ance (83.1%), and health behavior guidance (64.6%). Fol-
low-up services were mainly implemented in the form of
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household and home visits (99.2%) and visits to a medical
institution (81.3%).

In the control group, 69.5% of respondents were aged
at least 65 years, 37.0% were male, 83.8% were mar-
ried, and 48.1% had an income level of $149-297. Most
respondents had an education level of elementary school
and below (73.2%) and were unemployed (58.9%); 64.5%
had a chronic disease other than diabetes. The median
QoL score was 112.00; the physiology dimension had the
lowest median value (3.92) and the social dimension had
the highest (4.75). The median value of SMB was 36; the
median values for blood-glucose measurement and foot
care were lower at 1.00 and 0.00, respectively, and medi-
cation had the highest median value at 7.00.

Propensity score matching results

Figure 1 displays the histogram of propensity scores,
which exhibits a similar distribution for both groups.
Specifically, the propensity score of T2D patients in the
treatment group were primarily concentrated within the
0.30-0.80 range; for the control group, it was mainly con-
centrated in the range of 0.20-0.70. Only a small num-
ber of patients were off support. The significant overlap
between the propensity scores of the treated and control
groups provides evidence supporting the common sup-
port assumption.

Table 3 and Fig. 2 present the results of covariate
imbalance testing for1:4 nearest neighbor matching, both
statistically and graphically. Before matching, the covari-
ates of self-efficacy, diabetes-related knowledge and sup-
port from neighborhood/community had absolute values
of standardized percentage biases greater than 20.0%.
Furthermore, variables such as self-efficacy, support
from physician/health care team, support from neigh-
borhood/community, diabetes-related distress, diabetes-
related knowledge, employment status, and self-reported
health were found to differ significantly (p-values < 10%)
between the groups. After matching, the absolute values
of the standardized percentage biases declined for all
covariates, and all p-values were greater than 10%, indi-
cating no significant difference between the treatment
and control groups and confounding bias arising from
observable variables has been controlled. The results of
covariate imbalance testing for other three PSM modali-
ties were similar (Table S1-S3 and Figure S1-S3 see Addi-
tional file 1).

Table 4 displays the ATT of integrated health manage-
ment within a county medical consortium on SMB and
QoL among rural T2D patients using four different PSM
modalities. In term of 1:4 nearest neighbor matching, the
patient SMB scores in the treatment and control groups
were 40.13 and 35.47, respectively, and the ATT was 4.67
(p-values < 1%). The ATT for 1:4 intra-caliper nearest
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Table 2 Descriptive statistics of the sampled rural T2D patients

Variable Total (n=1,792) Treatment group (n=890) Control group (n=902)

Median/n IQR/Proportion Median/n IQR/Proportion Median/n IQR/Proportion

Quality of life (QoL) 114.00 11.00 116.00 12.00 112.00 10.00
Physiology 4.08 0.67 4.17 0.58 392 0.58
Psychology 4.25 0.50 4.38 0.63 413 0.50
Social 4.75 0.50 4.75 0.50 4.75 0.25
Therapy 433 067 4.50 033 433 0.67

Self-management (SM) 38.00 10.00 40.00 10.00 36.00 8.00
General diet 5.50 1.50 6.00 1.50 550 1.50
Specific diet 5.50 1.00 5.50 1.50 5.00 1.00
Exercise 2.50 2.50 3.00 3.00 2.00 2.50
Blood-glucose testing 1.00 2.00 2.00 1.00 1.00 113
Medications 7.00 1.00 7.00 0.00 7.00 1.00
Foot care 0.00 2.50 1.50 3.00 0.00 1.50

Follow-up management frequency
<2 176 9.8% 176 19.8% — —
>2 713 39.8% 713 80.2% — —

Follow-up management content
Measuring blood glucose 884 493% 884 99.3% — —
Inquiring about diabetes symptoms 775 432% 775 87.1% — —
Medication guidance 740 41.3% 740 83.1% — —
Treatment for a condition other than diabetes 566 31.6% 566 63.6% — —
Health behavior guidance 575 32.1% 575 64.6% — —

Follow-up management mode
Households and home visiting 883 49.3% 883 99.2% — —
Going to a medical institution 724 40.4% 724 81.3% — —
On call 340 19.0% 340 38.2% — —

Self-efficacy 6.33 1.67 6.67 1.67 6.17 1.50

Support from physician/health care team 425 0.75 425 0.50 4.25 0.75

Support from family and friends 3.80 0.80 3.80 0.80 3.80 0.80

Support from neighborhood/community 3.00 1.33 3.00 1.33 3.00 1.00

Diabetes-related knowledge (%) 52.08 18.75 51.04 16.67 5347 18.07

Diabetes-related distress 11.00 9.00 9.00 12.00 12.00 9.00

Age (year)
<65 584 32.6% 309 34.7% 275 30.5%
>65 1208 67.4% 581 65.3% 627 69.5%

Gender
Male 665 37.1% 331 37.2% 334 37.0%
Female 1127 62.9% 559 62.8% 568 63.0%

Personal income (3)
<149 199 11.1% 126 14.2% 73 8.1%
>149 and <297 766 42.7% 332 37.3% 434 48.1%
>297 and <743 455 25.4% 232 26.1% 223 24.7%
>743 372 20.8% 200 22.4% 172 19.1%

Education
Elementary school and below 1337 74.6% 677 76.1% 660 73.2%
Junior high school 319 17.8% 146 16.4% 173 19.2%
High school and above 136 7.6% 67 7.5% 69 7.6%

Marital status
Single, widowed, divorced, or other 295 16.5% 149 16.7% 146 16.2%
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Variable Total (n=1,792) Treatment group (n=890) Control group (n=902)
Median/n IQR/Proportion Median/n IQR/Proportion Median/n IQR/Proportion
Married 1202 83.6% 741 83.3% 756 83.8%
Employment status
Unemployed 1121 62.6% 590 66.3% 531 58.9%
Employed 623 34.8% 271 304% 352 39.0%
Retired 48 2.7% 29 3.3% 19 2.1%
Co-morbidity
Diabetes only 612 34.2% 292 32.8% 320 35.5%
Having chronic diseases other than diabetes 1180 65.8% 598 67.2% 582 64.5%
Incapacity
Without incapacity 1636 91.3% 821 92.2% 815 90.4%
Incapacity 156 8.7% 69 7.8% 87 9.6%
Self-reported health 70.00 11.00 70.00 15.00 70.00 5.00

IQR Interquartile range

0 2 4

6 .8 1

Propensity Score

I Untreated: Off support
I Treated: On support

I Untreated: On support
[ Treated: Off support

Fig. 1 Propensity score histogram

neighbor matching, 1:1 nearest neighbor matching, and
kernel matching demonstrated significant positive val-
ues of 4.67, 4.34, and 4.42, respectively. The results of 1:4
nearest neighbor matching indicate that the QoL scores
in the treatment and control groups were 114.99 and
114.10, respectively, and the ATT value was 0.89 (p-val-
ues < 10 %). The ATT values for the other three matching
methods were significant positive values of 0.90, 1.06, and
0.89, respectively. This suggests that after controlling for
confounding bias (caused by observable variables), the

implementation of integrated health management within
a county medical consortium significantly improved rural
T2D patients’ SMB and QoL.

Quantile regression results

The 1:4 nearest neighbor matching maximally expands
the pool of potential matches. This increases the chances
of finding suitable matches and improves the balance
between treatment and control groups. Therefore, we
employed the sample frequencies derived from the 1:4
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Table 3 Covariate imbalance testing (1:4 nearest neighbor matching)
Variable Unmatched Matched
Treated Untreated %Bias Pvalue Treated Untreated %Bias Pvalue
Self-efficacy 6.71 6.00 557 <0.001%*** 6.59 6.59 0 0.997
Support from family and friends 423 423 0.1 0.981 4.22 423 -1 0.816
Support from physician/health care team 3.72 3.82 -15.7 0.007*** 3.72 3.72 04 0.928
Support from neighborhood/community 3.08 2.75 359 <0.007%** 3.03 3.04 -04 0.925
Diabetes-related distress 10.36 13.11 -36.4 <0.007%** 10.75 11.30 -7.2 0.128
Diabetes-related knowledge 50.55 5278 -13.6 0.004%** 51.02 5032 4.2 0.326
Age 1.63 1.63 -0.2 0972 1.63 1.63 -04 0.94
Gender 67.40 67.87 -5.6 0.239 67.47 67.87 -4.7 033
Personal income 2.57 2.55 22 0.641 2.57 2.57 0.2 0.974
Education 1.32 1.35 -5.1 0.284 132 1.32 0.1 0976
Marital status 0.83 0.84 -14 0.767 0.83 0.83 -0.2 0.961
Employment status 1.37 143 -1 0.021%** 1.38 1.38 -0.8 0.863
Co-morbidity 0.67 0.65 58 0.22 0.67 0.69 -4.3 0373
Incapacity 0.08 0.10 -6.4 0.175 0.08 0.09 -4.3 0.363
Self-reported health 73.31 72.23 9.3 0.049** 72.98 73.32 -3 0.555
" =p<0.1,%=p<0.05 ***=p<0.01
Self-efficacy f++««+rrrrrrrerrnrrrid g e @ -
Support from neighborhood/|. ... ... i N UUTTTTE ST @i
community
Self_reported health ..................................... Ko ohooranan . .................................................
Co-morbidity fr+eweesrreeessrrmeenrinins NN T T T LT PPN
Personal INCOME - -+« v vrerrememmieananeieanieieanns T S N

Support from physician/
health care team

Gender -+

Marital status {-+*+

Education {**

Age {--

Incapacity 1****

Employment status {----
Diabetes-related knowledge |+
Support from family and friends{----

Diabetes-related distress

0 Unmatched
x Matched

T
-20

-10

0 10 20 40

Standardized % bias across covariates
Fig. 2 Standardized percentage bias across covariates (1:4 nearest neighbor matching)

nearest neighbor matching as weighting factors to con-
duct the frequency-weighted quantile regression. The
results are exhibited in Table 5. Implementation of inte-
grated health management within a county medical con-
sortium was significantly associated with higher SMB in
rural T2D patients (coef = 4.15). Self-efficacy and sup-
port from the physician/healthcare team were negatively

correlated with SMB (coef = -0.65, coef = -3.65). How-
ever, SMB correlated significantly and positively with
support from family or friends and support from the
neighborhood/community (coef = 1.21, coef = 3.20).
Diabetes-related distress and diabetes-related knowl-
edge both demonstrated significant and positive associa-
tion with SMB (coef = 0.19, coef = 0.07). SMB correlated
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Table 4 The ATT of integrated health management within a county medical consortium on SM and QoL
Modalities SM QoL
Treated Untreated ATT t Treated Untreated ATT t
Unmatched 4013 35.86 427 11.97%** 11532 111.49 3.82 9.26%**
1:4 Nearest neighbor matching 4013 3547 467 11.23%** 114.99 114.10 0.89 1.81%
1:4 Intra-caliper nearest neighbor matching 40.13 3546 4.67 17.24%%% 114.99 114.10 0.90 1.81%
1:1 Nearest neighbor matching 40.13 35.79 4.34 9.08*** 114.99 11393 1.06 1.81%
Kernel matching 40.13 3571 443 11.40%** 114.99 114.10 0.89 1.95%
" =p<0.1,*=p<0.05**=p <001
Table 5 Frequency-weighted quantile regression on SM and QoL in the matched sample
Variable SM QoL
coef. Std. Err. 95% Cl coef. Std. Err. 95% Cl

Implementation of integrated health management 415%%* 0.24 (3.69,4.61) 1.54%x* 0.27 (1.01, 2.06)
Self-efficacy -0.65%** 0.10 (-0.84,-047) 1.64%%* 0.11 (1.43,1.86)
Support from physician/health care team -3.65%** 0.19 (-4.03,-3.27) 0.10 022 (-0.34,0.53)
Support from family and friends 1.27%%* 0.16 (0.89,1.52) - 4xEx 0.18 (-2.78,-2.07)
Support from neighborhood/community 3.20%** 0.11 (2.98,3.42) 0.45%** 0.13 (0.20,0.70)
Diabetes-related distress 0.19%** 0.02 (0.16,0.22) -0.35%** 0.02 (-0.38,-0.32)
Diabetes-related knowledge 0.07%** 0.01 (0.05, 0.08) 0.03%** 0.01 (0.01,0.04)
Gender: female (ref: male) -0.53%* 0.21 (-0.95,-0.12) -0.86%** 0.24 (-1.33, 039)
Age (year) =65 (ref: <65) -0.59%** 0.22 (-1.02,-0.16) -1.80%** 0.25 (-2.29,-1.31)
Personal income ($) (ref: <149

>149 and <297 0.89** 037 (0.16,1.62) 0.07 042 (-0.76,0.90)

>297 and <743 -0.06 041 (-0.86,0.74) -4 42%%* 047 (-5.33,-3.50)

>743 1.19%% 041 (0.382.00) 049 047 (-043,141)
Education (ref: elementary school and below)

Junior high school 1.44%%% 0.27 (0.93,1.96) 2.22%x* 0.30 (1.63,2.81)

High school and above 1.19%** 0.38 (0.44,1.94) 1.01%* 0.44 (0.16,1.87)
Marital status (ref: single, widowed, divorced, and other) 0.76%** 0.25 (0.26, 1.25) 1.96%%* 0.29 (1.40,2.51)
Employment status (ref: unemployed)

Employed -0.03 0.24 (-0.49,0.44) -3.27%%* 0.27 (-3.74,-2.68)

Retired -0.89 0.75 (-2.36,0.59) -2.86%%*% 085 (-4.53,-1.19)
Co-morbidity (ref: diabetes only) 0.88*** 0.20 (048,1.27) -0.67%%* 0.23 (-1.12,-0.22)
Incapacity (ref: without incapacity) 1.27%%% 0.38 (0.52,2.02) -3.62%%* 043 (-2.77,-4.47)
Self-reported health -0.02%* 0.01 (-0.04,-0.01) -0.00 0.01 (-0.02, 0.02)
_cons 35.76%** 1.25 (33.31,3821) 115.95%** 142 (113.16,118.73)
Observations 4117 4117

Cl Credibility interval
Y =p<0.1,*=p<005,** =p<0.0]1

significantly and positively with Co-morbidity (coef =

T2D patients (coef =

1.54). self-efficacy and support

0.88). Additionally, demographic factors including age,
gender, marital status, and educational level demon-
strated significant association with SMB.

The findings from QoL regression revealed a signifi-
cant and positive correlation between the implementa-
tion of integrated health management and QoL of rural

from the neighborhood/community were significantly
and positively associated with patients’ QoL (coef = 1.64,
coef = 0.45), whereas support from family and friends
demonstrated a significantly negative association (coef
= -2.43). Diabetes-related distress and QoL were signifi-
cantly negatively correlated (coef = -0.35); however, the
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diabetes-related knowledge demonstrated significantly
positive correlation with QoL (coef = 0.03). QoL corre-
lated significantly and positively with Co-morbidity (coef
= -0.67). Demographic factors such as age, gender, mari-
tal status, and educational level were also significantly
associated with QoL.

Table 6 demonstrates the association between follow-
up service for integrated health management and both
SMB and QoL among patients in the treatment group.
The results showed a significant and positive correlation
between the frequency of follow-up service and SMB in
T2D patients (coef = 2.73). SMB was significantly poorer
in patients who received on-call follow-up services (coef
= -3.79). Patients treated for a condition other than dia-
betes demonstrated relatively poorer SMB (coef = -2.89),
in addition to those who received medication guidance
(coef = -5.24). However, patients who received behav-
ioral guidance showed better SMB (coef = 1.50). Based
on the results of QoL regression, T2D patients who
received follow-up services more than twice in the previ-
ous three months had better QoL (coef = 1.79). Patients
who received follow-up services at medical institutions
had lower QoL (coef = -2.01). However, health behavior
guidance showed significant positive correlation with
patients” QoL (coef = 2.55); additionally, patients treated
for a condition other than diabetes had a relatively better
QoL (coef = 2.32).

Discussion

Currently, individuals diagnosed with diabetes in numer-
ous countries typically attain scores below 50% of the
maximum possible on scales evaluating SMB and QoL
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[5-8]. The level of self-management and QoL among
individuals with T2D is suboptimal in both, China and
worldwide. This holds especially true for rural areas of
China, where patients have lower health literacy, poorer
living environments, or lower quality of healthcare and
consequently have lower levels of self-management and
QoL. Integrated health management within a county
medical consortium provides a promising model for
improving SMB and QoL among rural T2D patients. In
this study, we initially employed PSM to precisely esti-
mate the ATT of such management approaches on SMB
and QoL. Then, quantile regression was also employed to
estimate the relationship between the implementation of
integrated health management, sociodemographic fac-
tors, follow-up services (offered during integrated health
management) and both SMB and QoL in rural T2D
patients.

The results of this study showed the median score
of patient SMB to be 38, which is lower than the values
reported by prior studies on urban patients [31]; this
indicates that SMB is inferior among rural T2D patients.
In particular, blood glucose monitoring and foot care
were found to be the most suboptimal dimensions in this
study. Patients had a median QoL value of 114 and the
physiology dimension had the lowest score; this indicated
that bodily functions were severely affected by diabetes.

PSM is a suitable nonparametric method for estimat-
ing the net effect of policy implementation. Our study
revealed the ATT values of integrated health manage-
ment within a county medical consortium on SMB
and QoL in rural T2D patients to be significantly posi-
tive; they ranged from 4.34 to 4.67 and 0.89 to 1.06,

Table 6 The association between follow-up service for integrated health management and SM/QoL in the treatment group

Variable SM QoL
coef. Std. Err. 95% ClI coef. Std. Err. 95% ClI

Follow-up management frequency > 2 times (ref:<2 times) 2.73%** 0.77 (1.23,4.24) 1.79%* 0.85 (0.13,3.45)
Follow-up management mode

Households and home visiting -1.99 2.90 (-7.68, 3.69) 5.00 3.20 (-1.27,11.28)

Going to a medical institution 0.82 0.63 (-5.02,-2.55) -2.01%* 0.69 (-045,2.27)

On call -3.79%** 0.81 (-0.77,242) 091 0.90 (-3.77,-0.25)
Follow-up management content

Measuring blood glucose -4.58 321 (-10.87,1.72) 0.93 3.54 (-6.02,7.87)

Inquiring about diabetes symptoms -0.62 0.96 (-2.50, 1.27) 043 1.06 (-1.65, 2.50)

Medication guidance -5.24%%* 0.80 (-6.81, -3. 66) 1.22 0.89 (-0.51, 2.96)

Treatment for a condition other than diabetes -2.89%%* 0.64 (-4.15,-1.62) 2.32%%* 0.71 (0.93,3.72)

Health behavior guidance 1.50%* 0.62 (0.29, 2. 72) 2.55%** 0.68 (1.21,3.89)
_cons 64.84*** 5.64 (53.77,75.91) 122.28*** 6.23 (110.06, 134.50)
Observations 887 887

Cl Credibility interval
" =p<005* =p<0.01,***=p<0.001
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respectively, based on the four different PSM modalities
employed. The results of weighted quantile regression
also confirmed the positive correlation of the implemen-
tation of integrated health management with SMB and
QoL in these patients. Therefore, the findings substanti-
ated that integrated health management within a county
medical consortium may effectively improve SMB and
QoL in rural T2D patients. It may overcome fragmenta-
tion of traditional diabetic health education models by
integrating healthcare resources within a county area,
thereby delivering continuous services (including but not
limited to blood glucose monitoring, diabetes symptom
counseling, medication guidance, and health behavior
guidance) [14]; these interventions may enhance patient
SMB and improve their QoL. Therefore, policy initia-
tives should continue to increase the establishment of
county-level medical consortiums in rural China, with
particular emphasis on refinement of integrated health
management strategies for individuals with chronic con-
ditions. The findings also provide valuable insights for
the advancement of chronic disease management in rural
areas of other developing countries.

The health management team within the county medi-
cal consortium is primarily responsible for providing
follow-up services of integrated health management. The
findings of quantile regression in the treatment group
showed that SMB and QoL of rural T2D patients were
significantly influenced by the frequency, mode, and
content of follow-up services. The higher the frequency
of follow-up, the better were the levels of SMB and QoL;
these findings are similar to those of previous studies
[32]. Patients who received on-call follow-up services had
poorer SMB; this implied that this mode was relatively
less effective in enhancing SMB when compared to other
follow-up service modes. According to a recent study,
the impact of telephone-based health management on
improving SMB in individuals with diabetes may depend
on factors such as call duration and content [33]. Further-
more, there is a growing body of literature that supports
the integration of ancillary services, such as health coach-
ing, in conjunction with remote monitoring technologies
for diabetes management. These studies suggest that such
interventions may have additive and synergistic effects on
patient outcomes. Given these findings, the adoption of
remote monitoring technology could be considered a via-
ble way for addressing existing gaps in the management
of this population [34, 35]. Further research is necessary
to explore the reasons behind the observed differences
and identify more effective modes of follow-up services
for rural T2D patients. The QoL of T2D patients who
visit medical institutions to receive follow-up services
was worse. The consideration to be made is that patients
who present to a medical institution may have poor
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underlying health conditions, explaining the reported
low QoL. The SMB of T2D patients who received medi-
cation guidance was relatively poor, probably because
patients may receive instructions to prioritize diabetes
medication over other dimensions of SMB. This may lead
to significant neglect of other aspects of SMB. Follow-
up services should therefore aim to guide these patients
to focus on all aspects of self-management, rather than
emphasizing on a single component. Rural T2D patients
who received additional treatment for conditions other
than diabetes demonstrated poorer SMB but better QoL.
This suggests that although the treatment and manage-
ment of other diseases may hamper SMB in diabetes, it
improves QoL in these patients. Similar to findings from
earlier research [36], both SMB and QoL in rural T2D
patients improved with guidance on healthy behaviors.
Among individual factors, self-efficacy demonstrated
negative correlation with SMB in rural T2D patients; it
may be attributed to the limited educational level of the
rural patients (most had only elementary school edu-
cation or below in our study) and the lack of diabetes-
related knowledge (the accuracy rate is only 52.08% in
our study). This could have caused a false sense of con-
fidence and overestimation of the ability to self-manage
diabetes, ultimately resulting in misjudgment regarding
appropriate SMB. A study also showed that self-efficacy
of overconfident people negatively correlates with their
performance [37]. Consistent with earlier studies [38],
this study found that diabetes-related knowledge is ben-
eficial for patient SMB and QoL. In addition, our study
revealed a positive correlation between diabetes-related
distress and patient SMB, contrary to previous stud-
ies [39]. Experiencing symptoms of distress often moti-
vates individuals to manage their condition, leading to a
greater focus on SMB. Additionally, diabetes-related dis-
tress may act as a reminder to adhere to treatment plans
and maintain healthy lifestyle [32]. However, similar to
findings from previous studies, diabetes-related distress
was negatively associated with patient QoL in this study
[40]. Support from healthcare professionals was nega-
tively associated with patient SMB; this may be due to
T2D patients with poorer SMB require more support
from healthcare professionals. Support from family and
friends had a positive association with patient SMB. Fam-
ily members and friends may crucially monitor healthy
behaviors and provide significant emotional and financial
support. However, patients receiving more support from
friends and family reported lower QoL; this may be due
to the fact that individuals with poor health in rural areas
tend to receive more support from family and friends.
Additionally, rural T2D Patients receiving support from
the community reported better SMB and QoL. Some
patients with multiple diseases exhibit better SMB and
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poorer QoL. The underlying reasons may involve various
factors. These could include the increased awareness and
necessity for self-management due to managing multi-
ple health conditions, the motivation to maintain control
over their health, and the adoption of coping strategies
to manage complex treatment regimens among patients
with multiple diseases. However, despite their efforts in
self-management, the cumulative burden of managing
multiple diseases may contribute to physical and emo-
tional strain, leading to a diminished overall QoL.

Policy implications

This study underscores key policy implications crucial for
enhancing integrated health management within medi-
cal communities, particularly for patients with chronic
diseases: (1) Enhancement of governmental accountabil-
ity. It is critical to strengthen government responsibility
by adopting multiple measures to refine the integrated
health management models. This entails boosting stake-
holder motivation, clarifying rights and responsibilities,
and reinforcing supervision and accountability mecha-
nisms to ensure smooth implementation and effective-
ness within the medical community. (2) Diversification of
follow-up health services. This involves not only enhanc-
ing the content of follow-up services but also adjust-
ing the methods and programs based on actual service
dynamics and patient feedback to ensure responsiveness
and adaptability. (3) Intensification of health education
and behavioral guidance within the integrated health
management. Efforts should focus on correcting health
misconceptions, reshaping patient attitudes, promoting
active engagement in disease management, and thereby
enhancing SMB and QoL. (4) Leveraging social support
to promote behavioral management. Utilizing emotional
support from family and friends, as well as advocating for
community support in resource allocation and optimiz-
ing environmental facilities, are recommended strategies
for cultivating conducive conditions for the SMB.

Limitation and strengths

To the best of our knowledge, prior research has not
examined the influence of integrated health manage-
ment within a county medical consortium on SMB
and QoL among rural Chinese patients with T2D. The
study corroborates the effectiveness of such manage-
ment approaches in improving SMB and QoL among
this group. The findings provide valuable insights for the
advancement of chronic disease management in rural
areas of other developing countries. Our study had cer-
tain limitations. First, despite using PSM to estimate
the ATT, confounding bias caused by unobservable
variables could not be completely eliminated. Second,
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as the information was collected through an interview
process involving standardized questions, scales, and
self-reported responses, the presence of recall bias was
inevitable. Third, as the study included rural individuals
with T2D from a particular pilot region in Jiangsu, gen-
eralization of the findings to other regions or populations
may be limited.

Conclusion

Our findings suggest that integrated health manage-
ment within a county medical consortium can effectively
improve SMB and QoL in rural T2D patients. The fre-
quency, mode, and content of follow-up services (offered
during integrated health management) were significantly
associated with SMB and QoL. The findings offer strong
empirical evidence supporting the importance of pro-
moting integrated health management within a medical
consortium as a key priority in the ongoing healthcare
system reform in China. This study also offers invaluable
insights for the advancement of chronic disease manage-
ment in rural areas of other developing countries. Pol-
icy initiatives should therefore continue to increase the
establishment of county-level medical consortiums in
rural China, with particular emphasis on the refinement
of integrated health management strategies for individu-
als with chronic conditions. Additionally, social support,
self-efficacy, diabetes-related knowledge, and other soci-
odemographic factors were found to significantly cor-
relate with patient SMB and QoL. Healthcare providers
should therefore consider these factors while formulating
interventions and management plans for rural individu-
als with T2D. Future research should segment diabetic
patients into homogeneous groups to investigate the
relationship between integrated health management and
patients’” SMB and QoL. This facilitates targeted alloca-
tion of integrated health management resources to prior-
itize patients at higher risk.
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