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Abstract
Background Cardiovascular and cerebrovascular diseases (CVDs) present a significant challenge in the realm of 
chronic disease management in China. The objective of this study is to assess the efficacy of a health management 
model rooted in a three-tier prevention and control system for CVDs.

Methods From August 2020 to September 2020, this study enrolled 2033 CVDs patients from 105 villages across 
three townships in central China. All participants underwent a 12-month health management involving monitoring, 
risk assessment, health education, and interventions. The primary endpoint focused on recurrence and exacerbation, 
while secondary outcomes encompassed health economic indicators, awareness of prevention and control 
knowledge, risk factor, lifestyle behavior. Data analysis was conducted using generalized estimating equation models.

Results After 1 year of follow-up, the odds of recurrence and exacerbation decreased significantly compared to 
the baseline [odds ratio (OR) 0.30, 95% confidence interval (CI): 0.26, 0.35], accompanied by reduced hospitalization 
frequency [mean difference (MD) -0.61, 95% CI: -0.66, -0.56] and a monthly average reduction in medication costs (MD, 
-69.80, 95% CI: -104.55, -35.05). Moreover, patients’ awareness of CVDs prevention and treatment knowledge markedly 
improved (P < 0.01). Diastolic blood pressure, blood lipid and plasma glucose levels, anxiety and depression, lifestyle 
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Introduction
Cardiovascular and cerebrovascular diseases (CVDs) 
such as angina pectoris, myocardial infarction, heart 
failure, cerebral infarction, and intracerebral hemor-
rhage, rank notably high in terms of disability and mor-
tality rates globally [1]. Data sourced from the World 
Health Organization indicates that CVDs contribute to 
one-third of worldwide fatalities, significantly strain-
ing healthcare systems globally [2, 3]. Particularly in 
China, CVDs have risen as a primary challenge in 
domestic health management, impacting the quality of 
life and socioeconomic progress of millions. As per the 
“2022 Report on Cardiovascular Health and Diseases in 
China” [4], the prevalence of CVDs in China has steadily 
increased, affecting an estimated 330 million individuals 
presently. Rural areas exhibit a disturbingly high mortal-
ity rate for CVDs at 48%, while urban areas also show a 
substantial rate of 45.86%. This not only poses a substan-
tial threat to the health of residents but also amplifies the 
socioeconomic burden. Notably, the annual escalation 
in total hospitalization costs for CVDs significantly sur-
passes the growth rate of the national economy, imposing 
immense strain on the healthcare system.

Implementation of chronic disease health management 
models has led to a turning point in the prevalence and 
mortality rates of CVDs in developed countries. During 
the 1960s, North Karelia, Finland, exhibited high preva-
lence rates of cardiovascular diseases. From 1969 to 2006, 
the persistent implementation of community-based 
interventions for chronic diseases resulted in an 85% 
decrease in mortality rates for coronary heart disease 
among men and a 90% decrease among women aged 35 
to 64 [5]. In the 21st century, developed countries have 
achieved significant progress in preventing and control-
ling CVDs by continuously improving chronic disease 
health management models [6, 7]. Currently, China has 
achieved initial advancements in community-based pre-
vention and control of CVDs risk factors, such as hyper-
tension and diabetes [8, 9]. However, in rural county 
areas, the management of chronic diseases continues to 
face pervasive challenges. Currently, there is a dearth of 

clinical data on the application of health management 
models for chronic diseases in rural areas, and it remains 
uncertain whether implementing such models can miti-
gate the recurrence and exacerbation of CVDs in rural 
regions. Hence, it is crucial to furnish evidence regarding 
the efficacy of health management models in reducing 
the recurrence and exacerbation of CVDs.

To tackle these challenges, our research team, on the 
basis of medical alliances and medical consortia, relying 
on multidisciplinary research and development team, 
integrated the core technologies of monitoring, early 
warning, health promotion, follow-up management and 
data governance, and constructed the “real-time moni-
toring, proactive alerting, intelligent analysis, and visual 
presentation as an integrated intelligent platform for 
the health management of chronic diseases  (   h t t p : / / c d . t t 
d o c . c n     ) ; Furthermore, adhering to international guide-
lines, we developed health management guidelines for 
CVDs, which include angina pectoris, myocardial infarc-
tion, heart failure, cerebral infarction, and intracerebral 
hemorrhage. These guidelines were officially unveiled 
by the China Association of Chinese Medicine in April 
2022 [10]. After assessing the service capabilities of rural 
healthcare institutions, we established the “Standards 
for three-level prevention and control services of Chi-
nese medicine health management for CVDs” [11]. The 
aim of our study was to evaluate the effectiveness of the 
health management model in the application to CVDs 
patients in rural areas, and further to investigate whether 
the health management model can effectively mitigate 
the recurrence and exacerbation of CVDs. Our approach 
operated on a three-tier prevention and control system 
that prioritized the patient, with village doctors as the 
executing agents and specialized physicians from ter-
tiary hospitals leading the effort. This " patients- village 
doctors - specialized physicians” model provided new 
insights and methods for the management of CVDs.

behavior all demonstrated significant enhancements from baseline levels (P < 0.01). Crucially, health management did 
not result in an increased abnormality rate of safety indicators.

Conclusions The health management model, grounded in a three-level prevention and control system, showed 
potential applicability in reducing recurrence and exacerbation, easing healthcare economic burden, boosting 
awareness of prevention and treatment, and positively influencing risk factors. Additional multicenter and long-term 
studies are necessary to validate these findings and support broader implementation of this model.

Trial registration Chinese Clinical Trial Registry (ChiCTR) ChiCTR2000032243 (24/04/2020)  (   h t  t p s  : / / w  w w  . c h i c t r . o r g . c n 
/ s h o w p r o j . h t m l ? p r o j = 5 2 3 9 5     ) .  

Keywords Health management model, Cardiovascular and cerebrovascular diseases, Rural area, Village doctor, Three-
tiered prevention and control
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Methods
Design and participants
The CENTRAL-HMM (Health Management Model for 
Cardiovascular and Cerebrovascular Diseases in Rural 
Central China) study was an investigator-initiated, 
prospective cohort study. It adhered to the principles 
outlined in the Declaration of Helsinki and was duly reg-
istered in China Clinical Trials under the registration 
number ChiCTR2000032243 (http://www.chictr.org.cn). 
The research protocol was approved by the Ethics Com-
mittee of the First Affiliated Hospital of Henan University 
of Chinese Medicine (2020HL-019). Written informed 
consent was obtained from all patients before enroll-
ment. The study recruited participants from August 
2020 to September 2020, involving 140,000 individuals 
from 105 administrative villages in Dongdian Township, 
Jiangang Township, and Liaodi Township, Sui County, 
Shangqiu City, Henan Province, in which patients diag-
nosed with angina pectoris, myocardial infarction, heart 
failure, cerebral infarction, and intracerebral hemorrhage 
were enrolled. Participants were enrolled on a village-by-
village basis, and were initially screened by village health 
office doctors before enrollment, and re-screened by 
associate physician fellows from tertiary care hospitals 
according to inclusion and exclusion criteria.

Inclusion and exclusion criteria
Patients were required to meet al.l of the following crite-
ria for study inclusion: (1) age 18 or above, regardless of 
gender or race, (2) meeting the national guidelines for the 
diagnosis and treatment of stable angina pectoris, myo-
cardial infarction, chronic heart failure, cerebral infarc-
tion, and intracerebral hemorrhage [12–16], (3) being in 
the non-acute stage, (4) being aware of the content of the 
study and voluntarily participating and signing a written 
informed consent. The main exclusion criteria for this 
study were as follows: (1) severe psychiatric or psycho-
logical disorders, (2) cognitive dysfunction, communica-
tion disorders, or unwillingness to cooperate with health 
management, (3) participation in other clinical trials 
within the last 3 months.

Procedures
In this study, we rigorously implemented the manage-
ment protocol that adheres to the management measures 
outlined in the “Guidelines for Chinese Medicine Health 
Management of Stable Angina Pectoris,” “Guidelines for 
Chinese Medicine Health Management of Myocardial 
Infarction,” “Guidelines for Chinese Medicine Health 
Management of Heart Failure,” “Guidelines for Chinese 
Medicine Health Management of Cerebral Infarction,” 
and “Guidelines for Chinese Medicine Health Manage-
ment of Intracerebral Hemorrhage” published by the 
Chinese Association of Chinese Medicine [10], along 

with the regulations of the “Standards for three-level 
prevention and control services of Chinese medicine 
health management for CVDs” [11]. Under the overall 
management of our research team, we established vari-
ous groups, including a health education and promotion 
group, intervention technique training group, chronic 
disease management group, online information group, 
and quality control group. This structure forms a three-
tier prevention and control management system with 
a patient-centric approach, where rural doctors are the 
specific managers and tertiary hospitals play a leading 
role, creating the “home-community-hospital” frame-
work. In the supplementary document, we have meticu-
lously outlined the responsibilities of different personnel 
within the three-tier prevention and control system (Sup-
plemental Table 1). The main emphasis of this system 
revolves around four key management activities: health 
monitoring, risk assessment, health education, and 
health intervention.

Personal health record
Eligible participants, who met the criteria, signed 
informed consent upon completing their enrollment. 
Following this, family contract management was imple-
mented, and a contract informed consent was signed to 
establish individual health records.

Health monitoring
Following patients’ enrollment, their basic information 
(including gender, age, marital status, education level, 
occupation, economic status, and family background), 
medical history (including disease history, treatment his-
tory, past medical conditions, allergies, personal history, 
marital and reproductive history, menstrual history, and 
family history), and examination results (including physi-
cal examinations, laboratory tests, and additional tests) 
were collected and dynamically monitored, serving as the 
foundation for patient risk assessment.

Risk assessment
Following the completion of medical data collection, a 
risk assessment was conducted based on patient infor-
mation, considering long-term risks, lifestyle, risk fac-
tors, and medication usage. For myocardial infarction 
patients, long-term risk assessment primarily followed 
the requirements of the “Guidelines for Chinese Medi-
cine Health Management of Myocardial Infarction” and 
categorized patients as low-risk, medium-risk, or high-
risk for classification management. Lifestyle assessment 
focused on factors such as patients’ dietary habits, exer-
cise habits, psychological state, and smoking and alcohol 
consumption. Risk factors for diseases primarily included 
patients’ blood pressure, lipid profile, blood sugar levels, 
and the presence of depression or anxiety. Medication 

http://www.chictr.org.cn
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usage assessment primarily examined whether patients 
were using medication interventions in a reasonable and 
standardized manner. For other types of patients, risk 
assessments were conducted according to the relevant 
content in the “Guidelines for Chinese Medicine Health 
Management of Stable Angina Pectoris,” “Guidelines for 
Chinese Medicine Health Management of Heart Failure,” 
“Guidelines for Chinese Medicine Health Management of 
Cerebral Infarction,” and “Guidelines for Chinese Medi-
cine Health Management of Intracerebral Hemorrhage” 
[10]. The risk assessment identified the weaknesses in the 
current patient management and served as the basis for 
developing specific intervention plans.

Health education
The personnel from village doctors and the chronic dis-
ease management teams of tertiary hospitals conducted 
regular health education activities in compliance with the 
requirements specified in the “Standards for three-level 
prevention and control services of Chinese medicine 
health management for CVDs.” This entailed distribut-
ing the handbook on preventing and controlling CVDs to 
patients, installing boards with information on the pre-
vention and control of CVDs in village health centers, 
and organizing monthly health knowledge lectures, pub-
lic health consultation events, and personalized health 
education.

Health intervention
Following patient assessments, individualized interven-
tion management was applied to address patients’ life-
styles (diet, exercise, and smoking, etc.), risk factors 
(blood pressure, blood lipids, blood sugar, emotional 
well-being, and sleep, etc.), and treatment measures for 
their conditions. Specific management guidelines are 
outlined in the relevant disease health management ref-
erences [10].

Primary and secondary outcomes
The primary endpoint was recurrence and exacerbation, 
where refers to the reoccurrence of a patient’s major 
symptoms, a decrease in triggering threshold, prolonged 
symptom duration, symptom exacerbation, or seeking 
medical care for CVDs. The rate of recurrence and exac-
erbation was calculated by recording whether such events 
occurred within the 12 months preceding each obser-
vation point. The secondary outcomes include the fol-
lowing contents. Health economics indicators included 
hospitalization frequency and the average monthly medi-
cation expenses. The awareness rate regarding CVDs 
prevention and treatment included hypertension, dia-
betes, disease risk factors, adverse lifestyle behaviors, 
principles of regular monitoring and principles of medi-
cation adherence principles. Additionally, we examined 

alterations in risk factors, encompassing systolic blood 
pressure (SBP), diastolic blood pressure (DBP), total cho-
lesterol (TC), triglycerides (TG), low-density lipoprotein 
cholesterol (LDL-C), HDL-C, fasting plasma glucose 
(FPG), patient health questionnaire-9 (PHQ-9), general-
ized anxiety disorder-7 (GAD-7), Hamilton anxiety rating 
Scale (HAMA), and Hamilton depression scale (HAMD). 
We also observed changes in lifestyle behavior indica-
tors, including the rates of smoking, greasy diet, sweet 
diet, salty diet, and moderate physical activity [17]. Safety 
indicators, including blood tests, liver function, kidney 
function, urine analysis, and coagulation function. The 
aforementioned endpoints were observed and recorded 
at months 0 and 12 during the management period.

Statistical analysis
The statistical analysis was designed and executed by 
the statistician at the Department of Clinical Sciences at 
the Liverpool School of Tropical Medicine in the United 
Kingdom. All statistical analyses were performed using 
R statistical software (version 4.1.2, R Foundation for 
Statistical Computing, Vienna, Austria). All statistical 
analysis tests were conducted using two-sided hypothesis 
tests, and the hypothesis test level was α = 0.05. P ≤ 0.05 
was considered to be statistically significant for the differ-
ences tested.

In the context of descriptive analysis, continuous vari-
ables were presented as mean ± standard deviation (𝑥±̅s), 
and categorical variables were reported with their fre-
quencies and corresponding percentages. The general-
ized estimating equation (GEE) model was employed to 
evaluate the difference between baseline and follow-up in 
primary and secondary outcomes related to health man-
agement before (baseline) and after 12 months. Logistic 
regression model was used to ascertain risk factors for 
recurrence and exacerbation. The analysis was conducted 
in two steps. Firstly, univariate logistic regression models 
were fitted for each variable based on completed cases. 
All variables used in the univariate regression analy-
sis were also included in the second stage of multivari-
ate logistic regression. In the logistic regression analysis, 
odds ratios (ORs) and their 95% confidence intervals 
(CIs) were computed for each variable in relation to the 
recurrence and exacerbation.

Results
Subjects enrollment and baseline characteristics
From August 2020 to September 2020, this study enrolled 
2,033 CVD patients meeting the inclusion and exclu-
sion criteria from three townships in Sui County, Henan 
Province. These patients comprised 658 cases of angina, 
277 of myocardial infarction, 72 of heart failure, 888 of 
cerebral infarction, and 138 of intracerebral hemor-
rhage. Throughout the study, 84 participants voluntarily 
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withdrew due to personal reasons. These individuals 
included 24 angina patients, 16 myocardial infarction 
patients, 7 heart failure patients, 30 cerebral infarction 
patients, and 7 intracerebral hemorrhage patients. There 
were 39 recorded fatalities, consisting of 15 angina 
patients, 16 myocardial infarction patients, 15 cere-
bral infarction patients, and 3 intracerebral hemorrhage 
patients. Figure 1 illustrates the study’s flow chart.

Overall, our study included a total of 2,033 patients, 
with males accounting for 48.7% and females for 51.3%. 

Patients had an average age of 67.1 ± 8.54 years. Base-
line assessments showed relatively elevated SBP levels 
(146.92 ± 22.81), with 61.98% of patients having a his-
tory of hypertension, and 34.78% experiencing hyperlip-
idemia. Educational attainment was relatively low, with 
the majority having completed primary school or lower 
education (71.57%). Approximately 95.97% of partici-
pants reported a family annual income below ¥30,000. 
The majority of patients (65.47%) commonly sought 
medical care at the district or secondary hospital. A total 

Fig. 1 Flow chart of the study design
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of 102 village doctors took part in the study, with a pre-
dominantly male composition (63.73%). Age distribution 
predominantly skewed towards an aging demographic, 
with around 70.59% falling within the 41 to 60 age group. 
Most village doctors had received some form of medical 
training, having completed a 3-year medical education 
at vocational medical schools or specialized medical col-
leges. Additionally, most village doctors had accumulated 
over 20 years of experience in delivering fundamental 
primary healthcare and public health services. Table  1 
provides a comprehensive overview of the baseline char-
acteristics of both study participants and village doctors.

Effect of the health management model on the recurrence 
and exacerbation
After 12 months of health management, the number of 
recurrent and exacerbated cases among CVDs patients 
decreased from 728 at baseline to 298. Findings obtained 
using GEE demonstrated a substantial 70% reduction in 
the odds of recurrence and exacerbation following the 
12-month management period (OR 0.30, 95% CI: 0.26, 
0.35; P < 0.001) (Table 2).

Logistic regression analysis of recurrence and exacerbation 
in patients with CVDs
To investigate the factors influencing recurrence and 
exacerbation following health management, regres-
sion analysis was performed, considering a wide range 
of variables, such as patient age, gender, baseline blood 
pressure, LDL-C, smoking history, dietary habits, and 
moderate exercise. The results of both univariate and 
multivariate binary logistic regression analyses can be 
found in Table  3. Factors independently related to the 
occurrence of recurrence and exacerbation after manage-
ment included LDL-C ≥ 1.80 mmol/L (OR 1.86, 95%CI: 
1.20, 2.89) and a history of smoking (OR 1.83, 95%CI: 
1.19, 2.83). The multivariate regression analysis, adjusting 
for multiple variables and based on complete data cases 
without missing values, continued to show statistically 
significant associations for these factors (P < 0.01).

Effect of the health management model on the health 
economics indicators
In our GEE results, there has been encouraging improve-
ment in hospitalization frequency and average monthly 
medication expenses for CVDs patients over the course 
of health management. After applying the health man-
agement model for 12 months, significant reductions 
were observed in hospitalization frequency [ mean dif-
ference (MD) -0.61, 95% CI: -0.66, -0.56; P < 0.001] and 
average monthly medication expenses (MD -69.80, 95% 
CI: -104.55, -35.05; P < 0.001) compared to baseline val-
ues (see Table 4).

Characteristics of participants
Number of participants 2033
Sex, n (%)
Male 991 (48.7%)
Female 1042 (51.3%)
Age (years) 67.1 ± 8.54
Blood pressure (mmHg)
SBP 146.92 ± 22.81
DBP 81.21 ± 12.45
BMI (kg/cm2) 25.03 ± 3.48
Education, n (%)
Primary school or lower 1450 (71.57%)
Junior high school 452 (22.23%)
High school 114 (5.48)
College or higher 10 (0.49)
Medical history, n (%)
History of hypertension 1260 (61.98%)
History of diabetes 381 (18.74%)
History of hyperlipidemia 707 (34.78%)
Treatment, n (%)
Antiplatelet 1059 (52.09%)
Lipid-lowering drug 865 (42.55%)
Anticoagulant drug 143(7.03%)
Beta-blockers 510 (25.14%)
ACEI/ARB 275 (13.53%)
Calcium antagonists 272 (13.38%)
Place of Residence, n (%)
City 21 (1.03%)
Rural Area 2012 (98.97%)
Frequent hospital visits, n (%)
Village clinic 256 (12.59%)
Township health center 385 (18.94%)
District hospital/secondary hospital 1331 (65.47%)
Municipal hospital/tertiary hospital 61 (3.00%)
Household Income Range (USD), n (%):
≤$4200 1951 (96.0%)
$4200 ∼ 11,200 76 (3.7%)
≥$11,200 6 (0.3%)
Characteristics of village doctors
Number of village doctors 102
Age (years), n (%)
≤ 40 19 (18.62%)
41 ∼ 50 42 (41.17%)
51 ∼ 60 30 (29.41%)
61 ∼ 70 7 (6.86%)
≥ 70 4 (3.92%)
Sex, n (%)
Male 65 (63.73%)
Female 37 (36.27%)
Experience (years), n (%)
≤ 10 35 (34.31)
11 ∼ 20 11 (10.78)
≥ 20 56 (54.91)

Table 1 Baseline characteristics of study participants and village 
doctors
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Effect of the health management model on the awareness 
rate regarding CVDs prevention and treatment
Table  2 provided an overview of the changes in aware-
ness of CVDs prevention and treatment knowledge 
before and after the management period. Following 12 
months of health management, patients showed remark-
able enhancements in their awareness levels. Specifically, 
in contrast to baseline levels, patients exhibited signifi-
cantly increased awareness regarding hypertension, dia-
betes, CVD risk factors, unhealthy lifestyle behaviors, 
regular monitoring, and adherence to medication prin-
ciples (P < 0.001). These enhancements were evident with 
increments of 3.16 times in odds (95%CI: 2.79, 3.58), 2.52 
times (95%CI: 2.16, 2.94), 3.32 times (95% CI: 2.97, 3.72), 
2.79 times (95% CI: 2.48, 3.13), 3.18 times (95%CI: 2.82, 
3.59), and 1.92 times (95%CI: 1.70, 2.17), respectively.

Effect of the health management model on the risk factors 
associated with CVDs
As depicted in Table  4, CVDs patients experienced sig-
nificant reductions in DBP, TC, LDL-C, HDL-C, TG, 
and FPG levels after 12 months compared to the pre-
management period (P < 0.001). It is noteworthy that, 
following 12 months of health management, there was 
a significant increase in SBP among patients with CVDs 
(MD 4.29, 95%CI: 3.24, 5.34; P < 0.001). Moreover, our 
analysis encompassed GAD-7 and PHQ-9 for cardiovas-
cular patients (angina, myocardial infarction, and heart 
failure), and HAMA and HAMD for cerebrovascular 
patients. Results highlighted significant decreases in 
GAD-7 (MD -1.80, 95% CI: -2.12, -1.47; P < 0.001), PHQ-9 
(MD -3.68, 95%CI: -4.07, -3.28; P < 0.001), HAMA (MD 
-3.32, 95% CI: -3.83, -2.81; P < 0.001), and HAMD scores 
(MD -1.44, 95% CI: -1.80, -1.09; P < 0.001) compared to 
baseline, indicating alleviation in anxiety and depression 
among patients.

Effect of the health management model on the lifestyle 
behavioral indicators
In evaluating the impact of health management on life-
style behaviors among CVDs patients, noteworthy 
changes were observed. Following 12 months of health 
management, a significant decrease was noted in the pro-
portion of patients favoring a salty diet (22.09% versus 

34.35%, OR 0.54, 95% CI: 0.48, 0.61; P < 0.001). Similarly, 
preferences for sweet and greasy diets notably decreased 
(OR 0.34, 95% CI: 0.28, 0.41; P < 0.001) (OR 0.30, 95% 
CI: 0.24, 0.38; P < 0.001) compared to baseline. Simul-
taneously, there was an observed increase in patients 
engaging in moderate physical activity after 12 months 
(OR 1.64, 95% CI: 1.45, 1.84; P < 0.001). Concerning the 
number of individuals currently smoking among CVDs 
patients, there was a notable decrease after 12 months of 
health management (13.25% versus 11.62%, OR 0.85, 95% 
CI: 0.75, 0.96; P = 0.008) (Table 2).

Safety evaluation
All patients underwent safety indicator observations, 
including blood routine, liver function, kidney function, 
urine analysis, and coagulation function, both before and 
after health management. Our results indicated that fol-
lowing the application of chronic disease management, 
apart from a decrease in the abnormal rates of urinary 
protein, urinary white blood cell count, alanine transami-
nase, glutamic oxalacetic transaminase, and blood urea 
nitrogen, there were no significant differences in other 
laboratory indicators (P > 0.05) (Supplemental Table 2). 
Importantly, during the study, 34 patients passed away, 
all due to the deterioration of their diseases. We have dili-
gently documented and reported these cases.

Discussion
Health management encompasses a comprehensive pro-
cess of monitoring, assessing, and implementing effective 
interventions for the health risk factors of individuals or 
populations. Its primary aim is to achieve the maximum 
health improvement with limited resources by enhanc-
ing or modifying health service approaches and foster-
ing effective public health behaviors. This concept was 
initially introduced by Dr. Edington DW [17]. In China, 
research on health management models started later 
compared to developed countries. Rural areas face vul-
nerability in chronic disease management due to eco-
nomic disparities between urban and rural regions [18]. 
Substantial healthcare resources are primarily concen-
trated in urban centers. Despite the lower incidence 
of cardiovascular diseases in rural areas compared to 
urban regions, the mortality rate has remained consis-
tently higher in recent years [4]. An urgent need exists to 
establish a standardized and effective health management 
model for CVDs in rural areas.

In this study, we aimed to assess the effectiveness and 
feasibility of a health management model for CVDs 
based on a three-tier prevention and control system. 
Our research focused on rural areas in Central China 
and emphasized a patient-centric approach with vil-
lage doctors as the implementing agents and specialized 
physicians from tertiary hospitals leading the effort. The 

Characteristics of participants
Education, n (%)
Junior high school 3 (2.94)
High school 4 (3.92)
Vocational medical school 51 (50)
Junior medical college and above 44 (43.14)
Abbreviations SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, 
body mass index; ACEI, angiotensin converting enzyme inhibitors; ARB, 
angiotensin receptor blocker; USD, United States dollar

Table 1 (continued) 
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“patient-village doctors-specialized physicians” model 
demonstrated potential applicability in reducing recur-
rence and exacerbation, easing healthcare economic bur-
den, enhancing patient awareness regarding prevention 
and treatment, and positively impacting risk factors and 
lifestyle behaviors.

The rate of recurrence and exacerbation is a crucial 
indicator for evaluating disease stability and interven-
tion effectiveness. This study observed a substantial 70% 
reduction in the odds of the recurrence and exacerbation 
among CVDs patients after one year of health manage-
ment compared to pre-management levels. This indicates 
that the adopted three-tier prevention and control system 
has yielded promising results in improving disease con-
trol. Data on the prevalence and disease burden of CVDs 
in China from 1990 to 2019 indicated that the 1-year 
recurrence and exacerbation rates for angina, myocardial 

infarction, and heart failure were 10%, 10.6%, and 16.9%, 
respectively. For cerebral infarction and intracerebral 
hemorrhage, the 1-year recurrence and exacerbation 
rates were 17.7% and 32.5%, respectively [4]. In our study, 
following one year of health management, the recur-
rence and exacerbation rate for CVDs patients decreased 
from 38.12 to 15.60%. This result represented a reduced 
occurrence of acute events and reduced demand for 
urgent medical care, consequently relieving the strain on 
healthcare resources, which included a reduction in hos-
pitalization frequency and a monthly decrease in medi-
cation expenses. Subsequent observations confirmed this 
trend, demonstrating a 0.61 reduction in annual hospi-
talizations and a 69.80 reduction in monthly medication 
costs after health management. This positive outcome 
may be attributed to the fact that in this study, the vil-
lage doctors providing health intervention and education 

Table 2 Results from GEE Model analyses of primary outcome, the awareness rate, and lifestyle behavioral indicators after 12 months 
of health management

Before management 12 months after management GEE model
OR (95%CI) P-value a

Recurrence and exacerbation rate 728 (38.12%) 298 (15.60%) 0.30 (0.26, 0.35) < 0.001
Awareness rate of hypertension 377 (19.74%) 982(51.41%) 3.16 (2.79, 3.58) < 0.001
Awareness rate of diabetes 194(10.16%) 481(25.18%) 2.52 (2.16, 2.94) < 0.001
Awareness rate of risk factors 541(28.32%) 1268(66.39%) 3.32 (2.97, 3.72) < 0.001
Awareness rate of adverse lifestyle behaviors 682(35.71%) 1365(71.47%) 2.79 (2.48, 3.13) < 0.001
Awareness rate of principles of regular monitoring 788(41.26%) 1338(70.05%) 3.18 (2.82, 3.59) < 0.001
Awareness rate of medication adherence principles 781(40.89%) 1242(65.03%) 1.92 (1.70, 2.17) < 0.001
Current smoker 253(13.25%) 222(11.62%) 0.85 (0.75, 0.96) 0.008
Salty diet 656(34.35%) 422(22.09%) 0.54 (0.48, 0.61) < 0.001
Sweet diet 377(19.74%) 148(7.75%) 0.34 (0.28, 0.41) < 0.001
Greasy diet 286(14.97%) 95(4.97%) 0.30 (0.24, 0.38) < 0.001
Moderate physical activity 1004(52.57%) 1234(64.61%) 1.64 (1.45, 1.84) < 0.001
a GEE model was used to evaluate the differences between baseline and follow-up for each outcome related to health management

Abbreviations GEE, generalized estimating equation; OR, odds ratio; CI, confidence interval

Table 3 Factors related to recurrence and exacerbation of cardiovascular and cerebrovascular patients: results from logistic regression 
analysis

Univariate analysis Multivariate analysis
OR (95%CI) P-value a OR (95%CI) P-value b

Age ≥ 65years 0.80(0.62, 1.04) 0.100 1.04(0.74, 1.47) 0.822
Sex 0.77(0.60, 0.99) 0.043 0.81(0.52, 1.27) 0.364
SDP ≥ 140mmHg 0.97(0.76, 1.25) 0.829 1.09(0.77, 1.54) 0.641
DBP ≥ 90mmHg 1.29(0.97, 1.71) 0.076 1.04(0.72, 1.49) 0.840
LDL-C ≥ 1.80mmol/L 1.60(1.12, 2.29) 0.009 1.86(1.20, 2.89) 0.006
History of smoking 1.69(1.22, 2.35) 0.002 1.83(1.19, 2.83) 0.006
Salty diet 1.16(0.90, 1.50) 0.248 1.28(0.90, 1.81) 0.165
Sweet diet 0.93(0.69, 1.26) 0.647 1.07(0.69, 1.66) 0.752
Greasy diet 1.22(0.85, 1.76) 0.275 1.09(0.69, 1.73) 0.716
Moderate physical activity 1.11(0.86, 1.42) 0.425 0.99(0.71, 1.38) 0.941
a Univariate logistic regression models were fitted for each variable based on complete cases to calculate unadjusted odds ratios
b Multivariate logistic regression analysis was performed using a stepwise entry method, adjusting for age, sex, blood pressure, blood lipids, smoking status, and 
dietary and exercise habits

Abbreviations OR, odds ratio; CI, confidence interval; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low-density lipoprotein cholesterol
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had fixed contracts with their patients, allowing them to 
have a thorough understanding of their patients’ health 
and medication information, which likely contributed to 
patient satisfaction. A diabetes management study con-
ducted in Germany integrated a supplier-based disease 
management approach with CCM, primarily grounded 
in nursing practice and overseen by physicians [19]. 
After a 4-year follow-up, it was evident that the overall 
prognosis and medication costs for patients involved in 
the study were notably lower than those of patients who 
were not part of the study. Our results were in line with 
the findings of the aforementioned study, highlighting 
the positive impact of health management in improving 
patient outcomes and alleviating the burden on health-
care resources.

To gain deeper insights into the factors influenc-
ing recurrence and exacerbation after health manage-
ment, regression analysis was performed, considering a 
range of variables, including patient characteristics and 
baseline risk factors. The analysis, post multiple adjust-
ments, revealed that patients with LDL-C ≥ 1.80 mmol/L 
exhibited a 1.86 times higher recurrence and exacerba-
tion odds compared to those with LDL-C < 1.8 mmol/L. 
Similarly, patients with a history of smoking displayed 
a 1.83 times higher recurrence and exacerbation odds 
than those without a smoking history. Elevated levels of 
LDL-C are widely acknowledged as a primary risk factor 
for CVDs. The findings of this study further substantiated 
the strong link between LDL-C levels and the recurrence 
and exacerbation of CVDs. Recent lipid management 
guidelines advocated more stringent LDL-C control, set-
ting the target at < 1.4 mmol/L for extremely high-risk 

CVD patients [20]. This underscored the importance of 
prioritizing the reduction of LDL-C levels in the health 
management process, particularly for patients with ele-
vated LDL-C levels. Smoking is undeniably associated 
with the development and progression of cardiovascular 
diseases. Data from the China Kadoorie Biobank pro-
spective study [21], tracking 461,047 adults aged 30–79 
over 11.2 years, revealed that in individuals without car-
diovascular metabolic diseases at baseline, smokers had 
a 23% higher risk of first-time ischemic heart disease 
and a 14% elevated risk of ischemic stroke compared to 
non-smokers. Therefore, in health management, particu-
lar emphasis should be placed on smoking cessation and 
anti-smoking measures, especially for patients with a his-
tory of smoking.

When it comes to patient awareness regarding preven-
tion and treatment, patients in this region had awareness 
rates of 19.74% for hypertension and 10.16% for diabetes, 
which were significantly lower than the national aware-
ness rates of 44.7% and 43.3% [22, 23]. Additionally, the 
average baseline SBP was 146.92 mmHg, and FPG was 
6.19 mmol/l, indicating relatively poor control of hyper-
tension and diabetes in this region. Patients had low 
awareness rates of risk factors, unhealthy lifestyle choices, 
and medication usage principles, which were 28.32%, 
35.71%, and 40.89%, respectively. This might be due to 
the higher baseline blood pressure and lipid levels of the 
patients. About 61.98% and 34.78% of patients in this 
region had a history of hypertension and hyperlipidemia, 
respectively. However, there was insufficient use of anti-
hypertensive medications, with usage rates of beta-block-
ers, ACEI/ARB, and calcium antagonists at only 25.14%, 

Table 4 Results from GEE Model analyses of health economics indicators, risk factors after 12 months of health management
Before management 12 months after management GEE model

MD (95%CI) p-value
Hospitalization frequency 0.79 ± 1.07 0.23 ± 0.65 -0.61 (-0.66, -0.56) < 0.001
Average monthly medication expenses 212.04 ± 332.96 159.61 ± 219.54 -69.80 (-104.55, -35.05) < 0.001
SBP (mmHg) 146.92 ± 22.81 151.29 ± 22.05 4.29 (3.24, 5.34) < 0.001
DBP (mmHg) 81.21 ± 12.45 80.27 ± 12.32 -0.88 (-1.44, -0.31) 0.002
TC (mmol/L) 4.51 ± 1.07 3.84 ± 0.96 -1.89 (-6.79, 3.00) 0.01
LDL-C (mmol/L) 2.92 ± 0.96 2.42 ± 0.79 -0.29 (-0.67, -0.10) < 0.001
HDL-C (mmol/L) 1.35 ± 0.42 1.12 ± 0.29 -0.17 (-0.39, 0.06) < 0.001
TG (mmol/L) 1.84 ± 1.16 1.58 ± 1.33 -0.45 (-1.76, -0.86) 0.001
FPG (mmol/L) 6.19 ± 2.30 5.96 ± 2.37 -0.93 (-1.93, 0.06) < 0.001
Cardiovascular disease
GAD-7 6.88 ± 5.59 4.26 ± 4.60 -1.80 (-2.12, -1.47) < 0.001
PHQ-9 3.13 ± 4.44 2.23 ± 3.58 -3.68 (-4.07, -3.28) < 0.001
Cerebrovascular disease
HAMA 8.83 ± 7.15 5.51 ± 6.03 -3.32 (3.83, -2.81) < 0.001
HAMD 4.13 ± 4.86 2.68 ± 4.49 -1.44 (-1.80, -1.09) < 0.001
a GEE model was used to evaluate the differences between baseline and follow-up for each outcome related to health management

Abbreviations GEE, generalized estimating equation; MD, mean difference CI confidence interval; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total 
cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; FPG, fasting plasma glucose; GAD-7, Generalized Anxiety Disorder-7; PHQ-9, Patient Health 
Questionnaire-9; HAMA, Hamilton Anxiety Rating Scale; HAMD Hamilton Depression Scale
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13.53%, and 13.38%, much lower than the national aver-
age [24]. This might contribute to the poor blood pres-
sure control in this region. These findings indicated a 
relatively low level of the awareness rate regarding CVDs 
prevention and treatment in China, particularly in rural 
areas. Our study demonstrated a significant improve-
ment in patient awareness of CVDs prevention and treat-
ment. Patients exhibited increased understanding of 
hypertension, diabetes, risk factors, unhealthy lifestyle 
choices, regular monitoring, and medication adherence. 
This aligned with a previous chronic disease manage-
ment study from Australia, highlighting the significance 
of patient education in chronic disease management [25]. 
The improvement in awareness of prevention and treat-
ment knowledge is also evident in the positive changes to 
daily lifestyle behaviors. Following 12 months of manage-
ment, patients exhibited a notable improvement in the 
rates of a greasy, sweet, and salty diet, as well as engag-
ing in moderate physical activity compared to baseline, 
signifying a further refinement of patients’ dietary and 
exercise habits. Unhealthy dietary and exercise habits lay 
the foundation for various CVDs risk factors, and opti-
mizing these habits further contributes to the control of 
these risk factors [26]. Smoking, as both an unhealthy 
lifestyle habit and a significant cardiovascular risk factor, 
showed a noticeable decline in the current smoking rate 
among patients after management. It’s noteworthy that 
during the management phase, we observed a number of 
ex-smokers who had quit at the baseline but later expe-
rienced relapses. This emphasizes the need to enhance 
smoking management for those who have quit smoking.

The core of the intelligent health management model is 
to assist patients in managing and improving their health 
through dynamic monitoring, risk assessment, and per-
sonalized intervention plans to help control the levels of 
risk factors. Following management in this study, patients 
exhibited a significant reduction in DBP, TC, LDL-C, 
HDL-C, TG, and FPG compared to baseline, signify-
ing the effectiveness of the health management model in 
controlling risk factors. However, the SBP level of CVDs 
patients slightly increased after management compared 
to baseline, indicating suboptimal control of systolic 
blood pressure. This might be attributed to the longer 
history of hypertension and severe inadequacy in anti-
hypertensive drug use among patients included at base-
line. Notably, following health management, the patients 
included in the study did not experience an increase in 
the abnormality rate of laboratory indicators, and no 
serious adverse events related to the health management 
model were found. We tentatively assume that the health 
management model is relatively safe.

Despite the positive findings in our study, there were 
some limitations that need to be addressed. Firstly, our 
research was conducted in a specific rural area in China, 

which may limit the generalizability of the study results 
to other rural areas. Secondly, this study was a single-arm 
clinical study without a control group. Using predomi-
nantly paired analysis for most indicators introduced lim-
itations as the effectiveness differences were influenced 
by various factors such as different village doctors, the 
natural course of the disease, personalized intervention 
plans, and others, thereby reducing the persuasiveness 
of the results. Additionally, the relatively short 12-month 
study period may not capture long-term effects and the 
sustainability of the health management model. Further-
more, the final analysis was conducted on patient data 
that complied with the protocol, which may increase the 
risk of selection bias. The open-label design suggested 
that the interpretation of the results of this study should 
be cautious. In future research, efforts should be made 
to actively seek suitable randomized double-blind trial 
designs. This involves stratifying CVDs with different dis-
ease courses and risk levels upon enrollment, conducting 
multicenter, large-sample, long-term dynamic follow-up 
randomized double-blind controlled studies, focusing on 
endpoint events. This will provide higher-level evidence 
for the effectiveness of health management models for 
CVDs.

Conclusions
In summary, the health management model for CVDs, 
based on the three-tier prevention and control system, 
displays promising effects in curtailing recurrence and 
exacerbation, mitigating healthcare economic burdens, 
enhancing patient awareness regarding prevention and 
treatment, and fostering positive changes in risk fac-
tors and lifestyle behaviors. Moreover, this health man-
agement model is generally considered safe. Despite 
limitations in this study, including its specific regional 
focus and a relatively short intervention period, it offers 
valuable insights into the potential of health manage-
ment models to alleviate the burden of CVDs in rural 
China. Additional multicenter and long-term studies are 
required to validate these findings and endorse the wider 
application of this model.
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