
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Li et al. BMC Public Health         (2024) 24:1964 
https://doi.org/10.1186/s12889-024-19538-y

BMC Public Health

†Dianjiang Li and Enchun Pan contributed equally to this work.

*Correspondence:
Dianjiang Li
lidianjiang@163.com

Full list of author information is available at the end of the article

Abstract
Background The rising prevalence of Type 2 diabetes (T2D) in China poses a critical health challenge, necessitating 
effective management strategies. The National Essential Public Health Services Program (NEPHSP), initiated in 2009, 
focuses on equitable access to health services, including T2D management. This study investigates the associations 
between perceived care quality, self-care behaviors, and glycemic control in Chinese adults with T2D under NEPHSP, 
particularly examining the mediating role of self-care behaviors.

Methods Conducted from April to November 2020 in Huai’an City, Jiangsu Province, this study involved 1,577 T2D 
patients enrolled in NEPHSP. We assessed perceived care quality using the Patient Assessment of Chronic Illness Care 
(PACIC) scale and developed a comprehensive self-care behavior score, covering nine essential health practices. 
Glycemic control was evaluated using HbA1c levels. Linear regression models were used to explore these associations, 
adjusting for demographic and clinical factors, while causal mediation analyses examined the role of intermediate 
variables.

Results Higher PACIC scores significantly correlated with improved self-care behaviors (β = 0.294, 95% CI: 0.233 to 
0.354) and were negatively associated with HbA1c levels (β=-0.109, 95% CI: -0.192 to -0.026). The self-care behavior 
score inversely related to HbA1c levels (β=-0.197, 95% CI: -0.263 to -0.132). Notably, self-care behaviors mediated 
50.41% (P < 0.05) of the effect of perceived care quality on HbA1c levels.

Conclusions This study demonstrates a substantial association between perceived care quality and better glycemic 
control in Chinese adults with T2D under NEPHSP, with self-care behaviors playing a crucial mediating role. These 
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Background
Type 2 diabetes (T2D) poses a significant global health 
challenge [1], with its incidence notably rising in China 
[2]. Currently, diabetes prevalence is expected to surpass 
11.2%, affecting more than 129 million Chinese adults [3]. 
This increase heightens the risk of cardiovascular mortal-
ity, emphasizing the urgency of improved management 
of T2D [4]. Effective management depends crucially on 
continuous monitoring of glycemic control, primarily 
assessed through glycated hemoglobin (HbA1c) levels 
[4]. Monitoring HbA1c is vital as it serves as a reliable 
indicator of long-term glycemic control and aids in pre-
dicting the risk of diabetic complications [4].

To tackle this challenge and enhance public health out-
comes, the Chinese government initiated the National 
Essential Public Health Services Program (NEPHSP) 
in 2009 [4–6]. The NEPHSP, with its focus on primary 
healthcare, aims to provide equitable access to essential 
health services nationwide [7]. It offers a broad spectrum 
of services, including health assessments and tailored 
interventions, with a special emphasis on T2D manage-
ment [6, 7]. Crucially, this approach fosters a collabora-
tive effort between healthcare professionals and patients, 
which is vital for the effective management of T2D [4, 6].

Within the framework of the NEPHSP, ensuring high-
quality, patient-centered care for T2D is essential [4, 7]. 
The Patient Assessment of Chronic Illness Care (PACIC) 
is globally recognized for evaluating the quality of care 
from patients’ perspectives [8–10]. Extensively vali-
dated for a range of chronic conditions, including dia-
betes [11], studies consistently link PACIC scores to 
enhanced patient satisfaction and improved health out-
comes [9, 11]. However, the specific relationship between 
PACIC scores and glycemic control in diabetes has not 
been thoroughly investigated. While several studies 
have attempted to explore this association, their find-
ings are mixed; some report a positive impact of high 
PACIC scores on glycemic control, while others find no 
significant effect [12–14]. This inconsistency highlights 
a significant gap in the research, necessitating further 
exploration. Given the critical role of glycemic control in 
preventing severe diabetes-related complications, under-
standing how PACIC scores influence glycemic control 
is essential for assessing the effectiveness of patient-cen-
tered care strategies in the management of T2D.

Self-care is a critical element in managing T2D within 
the NEPHSP, underscoring the importance of patient 
participation in their health management [15]. Key self-
care practices, including regular glucose monitoring, 

medication adherence, lifestyle modifications, and health 
check-ups, are essential components of effective diabe-
tes management [15, 16]. These practices are vital for 
improving health outcomes, with substantial evidence 
supporting their positive impact on glycemic control 
[16, 17]. Research indicates that these self-care behaviors 
often correlate with each other and may exhibit interac-
tive effects [18], suggesting a more complex dynamic 
than previously understood. The cumulative impact of 
these multiple behaviors on glycemic control, especially 
considering the intricate nature of glucose metabo-
lism in T2D, has not been thoroughly investigated. This 
gap presents a significant opportunity for public health 
research, particularly in understanding how these com-
bined behaviors might translate into improved health 
outcomes [18]. Therefore, it is imperative to develop a 
self-care behavior score to evaluate the impact of com-
bined self-care behaviors on glycemic control. While 
some studies have explored the relationship between per-
ceived care quality and self-care behaviors [9, 11, 19], the 
mediating role of self-care in linking perceived care qual-
ity and glycemic control is not clearly established.

In light of this context, our study endeavors to examine 
the relationship between perceived diabetes care quality, 
comprehensive self-care behaviors, and glycemic control 
in Chinese adults with T2D under NEPHSP. We also seek 
to investigate the self-care behavior score’s mediating 
role in the relationship between perceived care quality 
and glycemic control.

Methods
Study design and participants
This cross-sectional analysis is part of a community-
based study conducted in Huai’an City, Jiangsu Province, 
China, under the NEPHSP focusing on the management 
of T2D. Recruitment for the Comprehensive Research on 
the Prevention and Control of Diabetes (CRPCD) proj-
ect commenced in 2013. Using stratified cluster sam-
pling, as previously detailed [20], we selected the Qinghe 
and Huai’an districts from the city’s eight districts. 
Within these, 26 townships were randomly chosen, and 
one community health service center per township was 
selected. All registered patients at these centers undergo-
ing T2D management were included in the 2013 baseline 
survey. Data collection occurred from April to November 
2020, during which 9,807 participants, initially recruited 
in 2013, completed the follow-up survey and provided 
blood samples. Of these, 2,186 were randomly chosen for 
evaluating the quality of diabetes care using the PACIC. 

findings suggest that patient-centered care and comprehensive self-care practices are essential for effective T2D 
management within NEPHSP.
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Trained professionals conducted face-to-face interviews 
to collect the data.

This analysis was limited to participants who were tak-
ing glucose-lowering medication (n = 1,731). Participants 
without complete self-care behavior data (n = 36) or those 
diagnosed with conditions potentially influencing self-
care practices, such as obstructive sleep apnea hypopnea 
syndrome (n = 23), diabetic lower limb ulcers or gangrene 
(n = 30), diabetic foot (n = 15), or cancer (n = 50), were 
excluded. As a result, 1,577 participants remained for 
the current analysis. Sample size determination, using 
G*power software version 3.1.9.7 [21], assumed 12 pre-
dictors in a regression model, a medium effect size of 
0.15, a power of 0.80, and a significance level of 0.05. This 
calculation indicated a minimum required sample size of 
127, a threshold comfortably exceeded by the study, thus 
ensuring robust statistical power.

T2D and glycemic control
T2D is defined by fasting plasma glucose levels ≥ 7.0 
mmol/L, an HbA1c level ≥ 6.5%, or a self-reported his-
tory of T2D, excluding type 1 diabetes cases [15]. HbA1c 
is a crucial diagnostic tool, reflecting average blood glu-
cose levels over the previous two to three months with-
out being affected by daily dietary intake, thus offering 
advantages over oral glucose tolerance tests and glucom-
eter readings [22]. In this study, HbA1c values were used 
as the measure of glycemic control.

Blood samples were procured either 8  h post the last 
meal or following an overnight fast. HbA1c measure-
ments were obtained using high-performance liquid 
chromatography, with all analyses conducted by King 
Med Diagnostics (Jiangsu Cultural Industrial Park, Nan-
jing, China).

Perceived quality of care
The PACIC scale, comprising 20 items, was employed 
to evaluate perceived care quality in T2D patients [8, 
9]. This scale, previously validated for assessing health 
management in this patient group [13, 23], involves par-
ticipants rating the frequency of encountering specific 
scenarios over the past six months on a 5-point scale (1 
indicating “almost never” and 5 “almost always”). The 
PACIC includes five subscales: patient activation, deliv-
ery system/practice design, goal setting/tailoring, prob-
lem-solving/contextual, and follow-up/coordination. 
Scores for both the overall scale and individual subscales 
range up to 5, with higher scores indicating better per-
ceived quality of care. In this study, the Cronbach’s alpha 
for the subscales ranged from 0.80 to 0.91, with an overall 
scale reliability of 0.97.

Self-care behaviors
Informed by prior research and Chinese diabetes preven-
tion and management guidelines [15], we constructed 
a self-care behavior score, encompassing no current 
smoking, no alcohol consumption, healthy diet, regular 
physical activity, less sedentary behavior, adequate sleep 
duration, regular self-monitoring of blood glucose, ade-
quate medication adherence, and regular health check-
ups (Supplementary Table S1).

“No current smoking” was referred to individuals 
either having smoked fewer than 100 cigarettes through-
out their life or having ceased their smoking habits by 
the time of assessment. Similarly, “no alcohol consump-
tion” was referred to lifelong abstainers or those who 
had stopped alcohol intake by the assessment time. A 
“healthy diet” was qualified by the daily consumption of 
both fruits and vegetables [24].

Leisure-time physical activity (LTPA) was assessed 
using the Chinese version of the Global Physical Activ-
ity Questionnaire (GPAQ-C), which has demonstrated 
good validity and reliability [25]. Participants detailed 
their typical activities, classifying them into vigorous 
(e.g., swimming, running, aerobic exercise) or moder-
ate (e.g., ball games, walking, gymnastics, folk dancing, 
Tai-Chi, qigong) intensity categories, and provided infor-
mation regarding the frequency and weekly duration of 
these activities. Subsequently, the total moderate-to-
vigorous LTPA was quantified in metabolic equivalent of 
task (MET) minutes per week, employing a calculation 
that multiplied the duration of activities by the respec-
tive MET scores—4.0 MET for moderate and 8.0 MET 
for vigorous intensity activity, in alignment with GPAQ 
guidelines. “Regular physical activity” was defined as 
engagement in at least 75 min of vigorous or 150 min of 
moderate LTPA per week (or an equivalent combination), 
equivalent to ≥ 600 MET-minutes/week [26].

Participants also detailed their sedentary behaviors, 
counting time spent commuting, working, watching TV, 
using electronic devices, and engaging in passive activi-
ties like reading or playing games. “Less sedentary behav-
ior” was attributed to those reporting under 4  h daily. 
“Adequate sleep duration” was determined by nightly 
rest periods of 6–8 h [27], and “Regular self-monitoring 
of blood glucose” applied to those conducting at least 
weekly blood glucose self-checks.

Medication adherence was assessed through four ques-
tions: “Do you ever forget to take your glucose-lowering 
medications?“, “Have you been persuaded by non-med-
ical personnel to alter your glucose-lowering regimen?“, 
“Do you ever skip your glucose-lowering medications 
when you feel well?“, and “Have you adjusted your glu-
cose-lowering medication in dosage or type due to illness 
without consulting a doctor?“. Participants rated each 
question on a scale of 0 to 2 points indicating ‘always’, 
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‘sometimes’, or ‘never’. A cumulative score of 8 denoted 
“adequate medication adherence”. Adherence to health 
check-ups was similarly assessed with questions such as: 
“Do you ever miss scheduled health check-ups?“, “Do you 
ever seek a check-up only when feeling unwell?“, “Do you 
ever skip health check-ups when feeling well?“, and “Have 
you missed check-ups for over three months?“. A score of 
8 denoted “regular health check-ups”.

The scoring system was designed to reflect the number 
of self-care activities a participant engaged in, with each 
participant receiving a point for each criterion met. This 
resulted in total scores ranging from 0 to 9, with higher 
scores indicating more optimal self-care. This method 
aligns with common practices in health behavior research 
[28–30], where equal weight is typically given to various 
lifestyle behaviors.

Other covariates
Data on sociodemographic and clinical characteristics 
were obtained through a standardized questionnaire 
(Supplementary Table S1). Marital status was classified 
as either married or non-married (including single, sepa-
rated, divorced, and widowed). Educational attainment 
was classified into three tiers: primary school or lower, 
junior school, and senior school or higher. Occupational 
status was categorized as either employed, unemployed, 
or retired. Annual household income was divided into 
three categories: <10, 10–100, or ≥ 100 thousand Yuan. 
Types of glucose-lowering medications comprised oral 
antihyperglycemic agents, insulin, or both.

We identified individuals with documented histories 
of hypertension or dyslipidemia based on professional 
medical records. Participants also reported specific 
microvascular complications, including nephropathy, 
retinopathy, and neuropathy, and macrovascular com-
plications such as coronary artery disease, stroke, and 
peripheral arterial disease, all corroborated by official 
medical documentation.

Statistical methods
Continuous variables with skewed distributions were 
presented as medians (interquartile ranges, IQRs), 
whereas categorical variables were described using fre-
quencies (percentages). We explored the associations 
between the overall PACIC score, its subscales, and 
either the self-care behavior score or HbA1c levels using 
linear regression. This method also elucidated the rela-
tionships between the self-care behavior score, individual 
self-care behaviors, and HbA1c levels. Logistic regression 
was utilized to investigate the associations between the 
overall PACIC score and each specific self-care behavior. 
Both linear and logistic regressions employed three mod-
els: Model 1, Unadjusted; Model 2, Adjusted for age (con-
tinuous), gender, marital status, educational attainment, 

occupational status, annual household income, and glu-
cose-lowering medication types; and Model 3, Further 
adjusted for history of hypertension, history of dyslip-
idemia, and the number of micro- and macrovascular 
complications, accounting for potential changes in self-
care post-diagnosis and the influence of extensive medi-
cal services from general practitioners on perceived care 
quality.

Utilizing a counterfactual framework [31], causal 
mediation analyses were conducted to investigate the 
potential mediation of the self-care behavior score in 
the association of overall PACIC score, and its subscales, 
with HbA1c. The analyses encompassed estimations 
for the natural direct effect (NDE: the influence of the 
PACIC score/subscales on HbA1c without the self-care 
behavior score), natural indirect effect (NIE: influence of 
the PACIC score/subscales on HbA1c through the self-
care behavior score), total effect (TE: summation of NDE 
and NIE), and percentage mediated (PM: the portion of 
TE mediated through the self-care behavior score). Uti-
lizing the PROC CAUSALMED procedure in SAS [32], 
these estimations were facilitated, offering causal media-
tion effects and confidence intervals (CIs) derived from 
maximum likelihood estimates, while 1000 bootstrap 
resamples enhanced the computation of CIs for causal 
mediation effects [33]. The models were adjusted for 
potential confounders, including age (continuous), gen-
der, marital status, educational attainment, occupational 
status, annual household income, glucose-lowering med-
ication types, history of hypertension, history of dyslip-
idemia, and the number of micro- and macrovascular 
complications.

To test the robustness of our mediation findings, sen-
sitivity analyses were implemented. Initially, participants 
who ceased smoking or drinking due to familial persua-
sion or financial constraints were excluded. Subsequently, 
individuals with micro- and macrovascular complications 
were excluded to mitigate potential reverse causation.

All statistical evaluations were conducted using SAS 
version 9.4 (SAS Institute, Cary, NC). A two-tailed 
P-value < 0.05 denoted statistical significance.

Results
Characteristics of participants
Table 1 presents the baseline characteristics of 1,577 par-
ticipants. The participants’ median age was 68 years (IQR: 
62–73 years), with those aged ≥ 65 years representing 
65.50%. Most had an education level of primary school or 
lower (74.83%), were female (63.73%), married (84.27%), 
prescribed oral antihyperglycemic agents (74.89%), 
and had a history of hypertension (53.52%). Addition-
ally, 26.25% indicated an annual household income of 
less than 10 thousand Yuan, 32.78% had a history of 
dyslipidemia, and 19.47% presented with micro- or 
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Variables n(%) or median (IQR)
Age (years) 68(62,73)
< 65 544(34.50)
≥ 65 1033(65.50)
Gender
Male 572(36.27)
Female 1005(63.73)
Education attainment
Primary school and below 1180(74.83)
Junior school 272(17.25)
Senior school and above 125(7.93)
Marital status
Married 1329(84.27)
Non-married 248(15.73)
Annual household income (thousand Yuan)
< 10 414(26.25)
10–100 624(39.57)
≥ 100 539(34.18)
Occupational status
Employed 755(47.88)
Unemployed 660(41.85)
Retired 162(10.27)
Glucose-lowering medication types
Oral antihyperglycemic agents 1181(74.89)
Insulin 204(12.94)
Both 192(12.18)
History of hypertension
Yes 844(53.52)
No 733(46.48)
History of dyslipidemia
Yes 517(32.78)
No 1060(67.22)
No. of micro- and macrovascular complications
0 1270(80.53)
1 92(5.83)
2 185(11.73)
3 18(1.14)
4 9(0.57)
5 2(0.13)
6 1(0.06)
Self-care behavior score 4(3,5)
No current smoking 1267(80.34)
No alcohol consumption 1316(83.45)
Healthy diet 253(16.04)
Regular physical activity 87(5.52)
Less sedentary behavior 1116(70.77)
Adequate sleep duration 929(58.91)
Regular self-monitoring of blood glucose 283(17.95)
Adequate medication adherence 828(52.50)
Regular health check-ups 790(50.10)
PACIC
Patient activation 3.33(2.33,4.33)
Delivery system/practice design 3.67(3.00,4.67)
Goal setting/tailoring 3.20(2.20,4.20)

Table 1 Baseline characteristics of the study participants(n = 1,577)



Page 6 of 11Li et al. BMC Public Health         (2024) 24:1964 

macrovascular complications. The median HbA1c was 
7.9 (IQR: 6.8–9.5), with 27.58% achieving HbA1c val-
ues of ≤ 7.0%. The median self-care behavior score was 
4 (IQR: 3–5). Among participants, 80.34% had no cur-
rent smoking, 83.45% reported no alcohol consump-
tion, 16.04% maintained a healthy diet, 5.52% engaged 
in regular physical activity, 70.77% showed less seden-
tary behavior, 58.91% achieved adequate sleep duration, 
17.95% regularly monitored their blood glucose, 52.50% 
adhered to their medication, and 50.10% had regular 
health check-ups. The overall median PACIC score was 
3.15 (IQR: 2.35–4.10). PACIC subscale medians were as 
follows: 3.33 (IQR: 2.33–4.33) for patient activation, 3.67 
(IQR: 3.00-4.67) for delivery system/practice design, 3.20 
(IQR: 2.20–4.20) for goal setting/tailoring, 3.00 (IQR: 
2.00-4.25) for problem-solving/contextual, and 3.00 (IQR: 
2.00–4.00) for follow-up/coordination.

Association between PACIC and the self-care behavior 
score
After controlling for age, gender, marital status, educa-
tional attainment, occupational status, annual household 
income, glucose-lowering medication types, history of 
hypertension, history of dyslipidemia, and the number 
of micro- and macrovascular complications, several sig-
nificant associations were observed in multivariate linear 
regression models. Specifically, the Overall PACIC score 
(β = 0.294, 95% CI: 0.233 to 0.354), patient activation 

(β = 0.232, 95% CI: 0.180 to 0.284), delivery system/
practice design (β = 0.235, 95% CI: 0.169 to 0.301), goal 
setting/tailoring (β = 0.252, 95% CI: 0.197 to 0.307), 
problem-solving/contextual (β = 0.244, 95% CI: 0.190 to 
0.298), and follow-up/coordination (β = 0.256, 95% CI: 
0.201 to 0.311) demonstrated significant associations 
with the self-care behavior score (Table  2). Addition-
ally, the overall PACIC score was significantly associ-
ated with regular blood glucose monitoring (OR = 1.149, 
95% CI: 1.018 to 1.297), adequate medication adherence 
(OR = 1.415, 95% CI: 1.290 to 1.553), and regular health 
check-ups (OR = 1.775, 95% CI: 1.609 to 1.958) in multi-
variable logistic regression models (Supplementary Table 
S2).

Association between PACIC and HbA1c
In multivariable linear regression models, after adjusting 
for age, gender, marital status, educational attainment, 
occupational status, annual household income, glucose-
lowering medication types, history of hypertension, 
history of dyslipidemia, and the number of micro- and 
macrovascular complications, the Overall PACIC score 
(β=-0.109, 95% CI: -0.192 to -0.026), patient activation 
(β=-0.101, 95% CI: -0.172 to -0.031), problem-solving/
contextual (β=-0.081, 95% CI: -0.154 to -0.007), and fol-
low-up/coordination (β=-0.124, 95% CI: -0.199 to -0.049) 
were significantly negatively associated with HbA1c 
(Table  3). However, no significant associations were 

Table 2 Association of the overall PACIC score and its subscales with the self-care behavior score by using linear regression 
models(n = 1,577)
PACIC Model 1 Model 2 Model 3

β (95% CI) P value β (95% CI) P value β (95% CI) P value
Patient activation 0.237(0.184,0.289) < 0.001 0.232(0.180,0.284) < 0.001 0.232(0.180,0.284) < 0.001
Delivery system/practice design 0.248(0.182,0.314) < 0.001 0.233(0.167,0.299) < 0.001 0.235(0.169,0.301) < 0.001
Goal setting/tailoring 0.250(0.195,0.305) < 0.001 0.252(0.197,0.307) < 0.001 0.252(0.197,0.307) < 0.001
Problem-solving/contextual 0.250(0.196,0.304) < 0.001 0.246(0.192,0.299) < 0.001 0.244(0.190,0.298) < 0.001
Follow-up/coordination 0.258(0.203,0.313) < 0.001 0.259(0.204,0.313) < 0.001 0.256(0.201,0.311) < 0.001
Overall PACIC score 0.297(0.237,0.358) < 0.001 0.294(0.234,0.354) < 0.001 0.294(0.233,0.354) < 0.001
Model 1: unadjusted

Model 2: adjusted for age (continuous), gender, marital status, educational attainment, occupational status, annual household income, and glucose-lowering 
medication types

Model 3: further adjusted for history of hypertension, history of dyslipidemia, and the number of micro- and macrovascular complications

PACIC Patient Assessment of Chronic Illness Care, CI confidence interval

Variables n(%) or median (IQR)
Problem-solving/contextual 3.00(2.00,4.25)
Follow-up/coordination 3.00(2.00,4.00)
Overall PACIC score 3.15(2.35,4.10)
HbA1c (%) 7.9(6.8–9.5)
< 7 435(27.58)
7–8 361(22.89)
≥ 8 781(49.52)
IQR interquartile range, PACIC Patient Assessment of Chronic Illness Care

Table 1 (continued) 
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observed between delivery system/practice design (β=-
0.063, 95% CI: -0.152 to 0.026) or goal setting/tailoring 
(β=-0.073, 95% CI: -0.149 to 0.002) with HbA1c (Table 3).

Association between the self-care behavior score and 
HbA1c
In multivariable linear regression models, when control-
ling for age, gender, marital status, educational attain-
ment, occupational status, annual household income, 
glucose-lowering medication types, history of hyper-
tension, history of dyslipidemia, and the number of 
micro- and macrovascular complications, significant 
associations with HbA1c were observed for the self-care 
behavior score (β=-0.197, 95% CI: -0.263 to -0.132), no 
current smoking (β=-0.590, 95% CI: -0.827 to -0.353), 
adequate sleep duration (β=-0.247, 95% CI: -0.437 to 
-0.057), regular self-monitoring of blood glucose (β=-
0.369, 95% CI: -0.620 to -0.118), and regular health 
check-ups (β=-0.405, 95% CI: -0.591 to -0.219) (Table 4).

Mediation effect of the self-care behavior score
In the causal mediation analysis, adjustments were made 
for age, gender, marital status, educational attainment, 
occupational status, annual household income, glucose-
lowering medication types, history of hypertension, 
history of dyslipidemia, and the number of micro- and 
macrovascular complications. Table 5 illustrates that the 
self-care behavior score significantly mediated the rela-
tionships between the overall PACIC score, its subscales 
(patient activation, problem-solving/contextual, follow-
up/coordination), and HbA1c levels. The proportions of 
these mediation effects relative to the TE were 50.41% 
(P < 0.05), 42.57% (P < 0.05), 57.74% (P < 0.05), and 37.48% 
(P < 0.01), respectively.

In the sensitivity analyses, after excluding those who 
ceased smoking or drinking due to familial persuasion or 
financial constraints or those with micro- and macrovas-
cular complications, the mediating effects of the self-care 
behavior score remained largely consistent with the pri-
mary analysis (Supplementary Table S3).

Table 3 Association of the overall PACIC score and its subscales with HbA1c by using linear regression models(n = 1,577)
PACIC Model 1 Model 2 Model 3

β (95% CI) P value β (95% CI) P value β (95% CI) P value
Patient activation -0.086(-0.156,-0.015) 0.018 -0.100(-0.171,-0.030) 0.005 -0.101(-0.172,-0.031) 0.005
Delivery system/practice design -0.043(-0.132,0.046) 0.342 -0.062(-0.150,0.027) 0.171 -0.063(-0.152,0.026) 0.167
Goal setting/tailoring -0.058(-0.133,0.017) 0.132 -0.072(-0.147,0.003) 0.062 -0.073(-0.149,0.002) 0.058
Problem-solving/contextual -0.068(-0.141,0.005) 0.069 -0.079(-0.152,-0.006) 0.033 -0.081(-0.154,-0.007) 0.032
Follow-up/coordination -0.114(-0.189,-0.039) 0.003 -0.122(-0.197,-0.048) 0.001 -0.124(-0.199,-0.049) 0.001
Overall PACIC score -0.092(-0.175,-0.010) 0.029 -0.107(-0.190,-0.025) 0.011 -0.109(-0.192,-0.026) 0.010
Model 1: unadjusted

Model 2: adjusted for age (continuous), gender, marital status, educational attainment, occupational status, annual household income, and glucose-lowering 
medication types

Model 3: further adjusted for history of hypertension, history of dyslipidemia, and the number of micro- and macrovascular complications

PACIC Patient Assessment of Chronic Illness Care, CI confidence interval

Table 4 Association of the self-care behavior score and individual self-care behaviors with HbA1c by using linear regression 
models(n = 1,577)
Self-care behaviors Model 1 Model 2 Model 3

β (95% CI) P value β (95% CI) P value β (95% CI) P value
No current smoking -0.531(-0.765,-0.297) < 0.001 -0.587(-0.824,-0.351) < 0.001 -0.590(-0.827,-0.353) < 0.001
No alcohol consumption 0.072(-0.179,0.324) 0.573 -0.008(-0.285,0.269) 0.956 0.001(-0.277,0.279) 0.994
Healthy diet -0.248(-0.503,0.006) 0.056 -0.213(-0.468,0.042) 0.102 -0.221(-0.477,0.034) 0.090
Regular physical activity 0.039(-0.371,0.449) 0.852 0.094(-0.318,0.505) 0.655 0.079(-0.333,0.492) 0.706
Less sedentary behavior -0.166(-0.372,0.039) 0.113 -0.172(-0.379,0.035) 0.103 -0.177(-0.384,0.031) 0.095
Adequate sleep duration -0.229(-0.419,-0.039) 0.018 -0.247(-0.437,-0.057) 0.011 -0.247(-0.437,-0.057) 0.011
Regular self-monitoring of blood glucose -0.238(-0.481,0.006) 0.056 -0.358(-0.608,-0.108) 0.005 -0.369(-0.620,-0.118) 0.004
Adequate medication adherence -0.124(-0.312,0.063) 0.194 -0.123(-0.310,0.064) 0.197 -0.127(-0.314,0.060) 0.183
Regular health check-ups -0.419(-0.605,-0.232) < 0.001 -0.411(-0.596,-0.225) < 0.001 -0.405(-0.591,-0.219) < 0.001
Self-care behavior score -0.180(-0.245,-0.115) < 0.001 -0.195(-0.260,-0.130) < 0.001 -0.197(-0.263,-0.132) < 0.001
Model 1: unadjusted

Model 2: adjusted for age (continuous), gender, marital status, educational attainment, occupational status, annual household income, and glucose-lowering 
medication types

Model 3: further adjusted for history of hypertension, history of dyslipidemia, and the number of micro- and macrovascular complications

CI confidence interval
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Discussion
To our knowledge, our research is the first to uncover 
a complex interplay between patients’ perceptions of 
diabetes care quality, comprehensive self-care behav-
iors, and glycemic control within the context of the 
NEPHSP in China. Our results reveal a positive associa-
tion between higher perceived care quality and improved 
glycemic control. Notably, combined self-care behaviors 
were found to mediate more than half of this relationship, 
independent of demographic and clinical factors.

In assessing care quality, the PACIC has demonstrated 
valid and reliable, reflecting the care received by Chi-
nese adults with T2D under the NEPHSP [13]. Contrary 
to findings from a study in the United States, which did 
not find a significant link between PACIC and HbA1c 
levels [12], our research demonstrates a clear associa-
tion. This discrepancy may stem from variations in the 
instruments used; the U.S. study employed a modified 
PACIC, which lacked validation for the original structure 
and showed no significant correlations with HbA1c [12]. 
In contrast, our study utilized the standard PACIC, con-
sistent with other studies from Shanghai, China [13] and 
Queensland, Australia [14]. Notably, our analysis high-
lights that specific PACIC subscales - patient activation, 
problem-solving/contextual, and follow-up/coordination 
- are independently linked to improved glycemic control. 
This insight provides healthcare providers with action-
able intelligence for interventions focusing on these care 
aspects to significantly improve patient outcomes.

We also discovered a significant association between a 
comprehensive self-care score and glycemic regulation, 
in line with research from the United States [34, 35] and 
Pakistan [17], which typically adopted narrower defini-
tions of self-care. Particularly, behaviors like smoking ces-
sation, adequate sleep duration, regular self-monitoring 
of blood glucose, and consistent health check-ups were 
linked to better glycemic control, echoing previous find-
ings [17, 18, 36–38]. However, our findings diverge from 
earlier studies [18, 39–41] in that behaviors like alcohol 
abstinence, maintaining a healthy diet, regular physi-
cal activity, minimizing sedentary time, and medication 

adherence did not show a significant link to improved 
glycemic levels. This discrepancy may stem from varia-
tions in defining these behaviors or their prevalence 
across different populations [42]. A holistic approach to 
self-care, considering the complexity of glucose metabo-
lism, may be more beneficial for individuals with T2D 
than focusing on isolated behaviors [18].

Further, our research highlights the impact of patients’ 
perceptions of care quality on enhancing self-care behav-
iors. We found a positive association between higher 
PACIC scores and improved self-care, aligning with 
prior studies [9, 19, 43] that linked PACIC scores with 
increased self-care activities, albeit using narrower defi-
nitions of self-care. Notably, our study identified a posi-
tive association between PACIC scores and all individual 
self-care behaviors, with the notable exception of physi-
cal activity. This exception could be attributed to the age 
profile of our participants, primarily aged over 65, who 
might face mobility challenges impacting their ability to 
adhere to recommended levels of physical activity.

A novel aspect of our study is the identification of self-
care behaviors as mediators in the relationship between 
perceived quality of diabetes care and glycemic control. 
In contrast to a cross-sectional study in Oman, which 
did not observe this mediation effect possibly due to a 
smaller sample size of only 273 T2D patients [43], our 
research indicates that a composite of self-care behav-
iors explains significant portions of the variance in this 
relationship. Specifically, these behaviors account for 
50.41%, 42.57%, 57.74%, and 37.48% of the variance for 
the overall PACIC score and its subscales (patient activa-
tion, problem-solving/contextual, and follow-up/coordi-
nation) in relation to HbA1c levels. This insight is crucial 
for refining intervention strategies to more effectively 
target these behaviors. Consequently, current health-
care interventions should be redesigned to enhance key 
aspects of patient-centered care such as patient activa-
tion, problem-solving skills in a diabetes context, and 
follow-up and coordination. By focusing on these specific 
areas, we could achieve more substantial improvements 

Table 5 Mediation analyses for the association of the overall PACIC score and its subscales with HbA1c through the self-care behavior 
score(n = 1,577)
PACIC TE, β (95% CI) NDE, β (95% CI) NIE, β (95% CI) PM, % (95% CI)
Patient activation -0.101(-0.172,-0.031)** -0.058(-0.130,0.013) -0.043(-0.061,-0.025)** 42.57(9.09,76.04)*
Delivery system/practice design -0.063(-0.151,0.026) -0.017(-0.106,0.072) -0.046(-0.066,-0.026)** 73.15(-32.12,178.42)
Goal setting/tailoring -0.073(-0.148,0.002) -0.025(-0.101,0.052) -0.049(-0.068,-0.029)** 66.46(-5.13,138.05)
Problem-solving/contextual -0.081(-0.154,-0.008)* -0.034(-0.108,0.040) -0.047(-0.066,-0.027)** 57.74(1.85,113.62)*
Follow-up/coordination -0.124(-0.199,-0.050)** -0.078(-0.154,-0.002)** -0.047(-0.066,-0.027)** 37.48(10.84,64.11)**
Overall PACIC score -0.109(-0.191,-0.027)** -0.054(-0.138,0.030) -0.055(-0.078,-0.032)** 50.41(8.36,92.45)*
Models were adjusted for age (continuous), gender, marital status, educational attainment, occupational status, annual household income, glucose-lowering 
medication types, history of hypertension, history of dyslipidemia, and the number of micro- and macrovascular complications

PACIC Patient Assessment of Chronic Illness Care, TE total effect, NDE natural direct effect, NIE natural indirect effect, PM percentage mediated, CI confidence interval

* P < 0.05; ** P < 0.01
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in glycemic control by promoting effective self-care prac-
tices among patients.

Given the NEPHSP’s emphasis on equitable access to 
healthcare and the importance of continuous monitor-
ing and tailored interventions, our findings underscore 
the need for policy adjustments to further enhance 
patient-centered care. The NEPHSP’s community-based 
T2D management initiatives in China provide an essen-
tial platform for emphasizing self-management support 
and education [4, 6, 15], crucial for improving outcomes 
such as HbA1c levels. Health systems should integrate 
these insights into their patient education programs 
and provider training modules, particularly focusing 
on interventions that boost patient activation, facilitate 
contextual problem-solving, and improve follow-up and 
coordination. These strategies not only align with pub-
lic health goals to reduce diabetes-related complications 
and enhance overall patient well-being but also are vital 
for managing China’s large diabetes population [2]. By 
establishing clear objectives and support mechanisms, 
healthcare administrators and policymakers can sig-
nificantly improve the quality of patient-centered care, 
thereby helping to control the growth of comorbidities 
and reduce the burden on tertiary healthcare systems.

This study marks a significant advancement in devel-
oping a comprehensive self-care behavior score to exam-
ine the complex interactions among self-care behaviors, 
perceived diabetes care quality, and glycemic control. We 
formulated a score encompassing nine essential health 
practices, each assessed according to criteria consis-
tent with Chinese diabetes prevention and management 
guidelines [15]. This alignment was crucial to ensure the 
score’s relevance and applicability to our specific study 
population in China. Contrastingly, the widely recog-
nized Summary of Diabetes Self-Care Activities (SDSCA) 
by Toobert et al. [44]. comprises 13 items spanning six 
dimensions: diet, exercise, blood glucose testing, foot 
care, medication taking, and smoking. However, these 
dimensions do not completely conform to the recom-
mendations of the Chinese guidelines, prompting us to 
devise a score better suited to our research context. Our 
tailored score explores the mediating effects on the rela-
tionship between perceived diabetes care quality and gly-
cemic control, maintaining its effectiveness even when 
excluding patients affected by external factors or health 
complications.

The study faces several limitations. First, its geographi-
cal scope, limited to Huai’an City, Jiangsu Province, 
China, may restrict the generalizability of the findings. 
Second, despite employing rigorous methods, the poten-
tial for residual and unmeasured confounding variables 
exists. diabetes self-management education is a poten-
tial confounder for self-management behavior. Notably, 
data on diabetes duration was not collected due to the 

long-term management of the disease (over 7 years) by 
participants, potentially affecting their ability to accu-
rately recall their condition’s duration. Additionally, dia-
betes self-management education was not considered, yet 
it is a potential confounder for self-management behav-
ior. Third, the cross-sectional design of the study lim-
its causal inferences. Therefore, future research should 
include prospective cohort and intervention studies to 
more thoroughly explore these dynamics. Longitudinal 
studies are particularly vital for providing definitive evi-
dence on the causal effects of enhanced patient-centered 
care on long-term diabetes management. These studies 
will not only validate our current findings but also help 
refine intervention strategies to maximize their effective-
ness in improving diabetes outcomes.

Conclusions
The current study supports the significant association 
between perceived care quality and improved glycemic 
control in T2D, with self-care behaviors playing a cen-
tral mediating role. The study delivers strategic insights 
that have the potential to transform T2D management by 
emphasizing patient-centered care and comprehensive 
self-care protocols, thus optimizing glycemic outcomes 
under China’s NEPHSP. These findings highlight the criti-
cal need for targeted patient education programs that 
enhance knowledge and engagement, problem-solving 
training to assist patients in managing daily challenges 
effectively, and robust follow-up and care coordination to 
ensure consistent care. Implementing these initiatives is 
crucial for amplifying the therapeutic effects of self-care 
behaviors and ultimately improving health outcomes for 
T2D patients.
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