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ARTICLE INFO ABSTRACT
Keywords: Background: Stroke is the second leading cause of death in adults worldwide. However, up to 80%
Stroke of strokes can be prevented by modifying risk factors.

Risk factors

Health behavior
Health management
Intervention study

Objective: The study aims to assess the effectiveness of the Health Ecology Model and Self-
Determination Theory (HEM-SDT) based health management intervention among individuals at
high risk of stroke.

Methods: A randomized controlled trial was conducted in Zhengzhou from May 1st, 2020, to
December 31st, 2020. A total of 229 participants were recruited for the study, with 116 in-
dividuals at high risk of stroke being randomly assigned to the HEM-SDT health management
group, while 113 participants were enrolled in the control group, following their current routine
practices. The Generalized Estimating Equation model (GEE) was used to analyze the differences
in health knowledge, belief and, behavior between the two groups at the beginning of the
intervention, and at 6-month intervals after the intervention. The chi-square test was utilized to
assess the control rate of risk factors.

Results: After 6 months of intervention, there were significant improvements in health knowledge,
behavior, and belief among the participants. The study found significant differences in the
interaction effects between time and group for health knowledge (Mean, SD = 25.62 + 3.88, 95%
CI: 7.944-9.604, P < 0.001), health belief (Mean, SD = 87.18 + 14.21, 95%CI: 23.999-29.887, P
<0.001), and health behavior (Mean, SD = 173.28 + 24.22, 95%CI: 22.332-36.904, P <0.001).
Additionally, the rates of hypertension, hyperglycemia, dyslipidemia, high or medium risk con-
dition of stroke, obesity, hyperhomocysteinemia, smoking, alcohol consumption, and lack of
exercise also showed statistical significance (P < 0.05) after the intervention.

Conclusion: The HEM-SDT health management model improves the health knowledge, behavior,
and beliefs in people at high risk of stroke and remarkably it shows improvement in modifiable
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risk factors. It can be recommended for systematic health management in people at high-risk of
stroke.

1. Introduction

Stroke is a significant global health concern, ranking as the second leading cause of death and disease worldwide [1]. Shockingly,
approximately 795,000 people experience a stroke each year, with one occurrence happening every 40 s [2]. Moreover, the cumulative
recurrence rates of stroke within 3 months, 6 months, and 1 year are reported at 10.9 %, 13.4 %, and 14.7 %, respectively [3].
Compounding the issue, up to 90% of strokes can be linked to ten modifiable risk factors [4,5]. Despite this knowledge, the control rate
of these risk factors for stroke remains unsatisfactory [6,7]. Particularly concerning is the low control and awareness rate of hyper-
tension and diabetes, with only 47.7 % and 28.4 % control rates for blood glucose, blood pressure, and serum lipid at 36.1 % [8].
Research has revealed that health management plays a crucial and indispensable role in reducing the risk factors associated with stroke
[9]. Remarkably, as much as 80% of strokes can be prevented by effectively modifying stroke risk factors through health management
strategies, which may include interventions such as lipid-lowering medications, anti-hypertensive treatments, smoking cessation,
alcohol consumption reduction, and efforts to improve health knowledge, health beliefs, and health behaviors [10,11].

The high-risk group for stroke is closely associated with stroke risk factors [12-15]. Generally, individuals aged >40 years who
meet any of the following criteria are considered to be at high risk for stroke [13]: (a) having hypertension, dyslipidemia, diabetes,
atrial fibrillation or valvular heart disease, a smoking history, obvious overweight or obesity, lack of exercise or engaging in light
physical activity, and a family history of stroke with three or more of the eight factors; (b) having a history of stroke; or (c) having a
history of transient ischemic attack (TIA).

Implementing early health management practices among high-risk groups for stroke can significantly reduce the burden on in-
dividuals, families, and society, ultimately leading to a decrease in stroke incidence [16-18]. Health management originated in the
United States [19] and has since evolved, guided by new health concepts and incorporating modern medical and management theories,
technologies, and monitoring methods. It involves analyzing and evaluating the health of individuals or groups and providing a
continuous service process of health consultation, guidance, and intervention [20].

However, the current state of health management for individuals at high risk of stroke is far from optimistic. There are limitations in
health management knowledge, lack of confidence in the effectiveness of health management, and poor compliance with the pre-
scribed interventions [21]. Furthermore, the existing health management model lacks the necessary integration of interactions be-
tween individuals, their environment, and their behaviors, making it fall short as a comprehensive, multi-level management model. It
also fails to incorporate various stakeholders from hospitals, communities, families, and individuals into a coordinated and cohesive
approach.

In this regard, a health management model is constructed based on the Health Ecology Model (HEM) and Self-Determination
Theory (SDT). HEM takes into account the dynamic interaction of humans, their environment, behavior, and health. Moreover, it
aims to enhance individuals’ enthusiasm for participating in health management through a multi-level approach involving hospitals,
communities, and families [22,23]. On the other hand, SDT emphasizes that stimulating intrinsic potential is crucial for individuals to
independently adopt healthy behaviors [24-26]. By maximizing autonomy, competence, and a sense of belonging, individuals are
more likely to sustain healthy behaviors over the long term. Thus, the HEM-SDT health management model addresses the shortcomings
of previous models. The study aims to introduce this innovative health management model and evaluate its effectiveness and
applicability.

2. Methods
2.1. Study design

A randomized controlled trial was conducted in Zhengzhou, located in central China, from May 1st, 2020, to December 31st, 2020.
The pre-test phase took place during the first two months of the study. Ethical approval for the study was obtained from the Ethics
Committee of the First Affiliated Hospital of Zhengzhou University (Approval No. 2020-KY-459), and the trial was registered with the
China Clinical Trial Registry under the registration number ChiCTR2000032817 (https://www.chictr.org.cn/searchproj.html).

To ensure the quality of the study, the researchers used the CONSORT 2010 checklist. The study employed a multi-stage stratified
random cluster sampling method, and informed consent was obtained from all participating individuals.

2.2. Participants

Inclusion criteria for the study were as follows: (1) individuals meeting the criteria for high risk of stroke as mentioned previously;
(2) aged 40 years or older; (3) possessing effective communication skills.

Exclusion criteria were as follows: (1) individuals who were dependent on others for activities of daily living, with a Barthel Index
(BI) Chinese version score of less than 60; (2) those with cognitive impairment, scoring less than 20 on the Mini-Mental State Ex-
amination (MMSE) Chinese version; (3) individuals who had already participated in other similar studies.

The sample size was calculated by the formula, ny = ny = 2[(t(x/2+tﬁ)0/6]2. According to the pre-test results (@ = 0.05, ty.05/2 =
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1.96 , p=0.1,t3 = 1.282, 6 = 11.49, and § = 4.96). The same size was maintained in each group, n1 =n2 = 112.67. With considering
the 10 % non-respondent rate, the total estimated sample size reached 248.

2.3. Randomization, allocation concealment and blinding

Zhengzhou is the capital city of Henan Province, and having 6 municipal districts. In the first stage, the three districts, Jinshui
District (high level), Erqi District (medium level) and Huiji District (low level) were randomly selected based on the comprehensive
strength of economy, health and education. In the second stage, the communities in each of the three selected districts were numbered,
and two of those communities were randomly selected from each district. Finally, all the people at high risk of stroke from the selected
community were recruited to the study. Study sites were set up in all six community Health Service Centers. The staff of Community
Health Service Centers assisted in screening eligible subjects based on the community health records and physical examination
findings.

Ultimately, 260 subjects were included, and numbered from 1 to 260. Based on an online random number generator (https://www.
random-online.com/), 130 random numbers were automatically generated. One principal researcher randomly assigned them in two
groups with 1:1 ratio. Therefore, 130 cases were assigned to the intervention group and control group. Fig. 1 (CONSORT 2010 flow
diagram) shows the details of participation.

All researchers were professionally trained before the commencement of the study. Only the principal members were aware of the
order of random assignment, and the interveners, examiners and participants were blinded.

2.4. Research team

The research group encompasses 9 members, including a professor with more than 30-years of experience in clinical nursing
research in stroke, a chief nurse from stroke center (national stroke health manager), a nurse with more than 10 years of experience in
clinical nursing related to stroke (national stroke health manager), a doctor with 5-years of experience in clinical neurology, a PhD
candidate in nursing, two postgraduate candidates in nursing, and two medical staff of Community Health Service Centers. The main
tasks were to formulate the intervention plan, implement the intervention, and evaluate and analyze the results.

2.5. Intervention group

2.5.1. Theoretical framework of intervention program
The HEM-SDT model serves as a comprehensive theoretical framework for multi-level and multi-stage health management,
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Fig. 1. Flow diagram of participants.


https://www.random-online.com/
https://www.random-online.com/

L. Guo et al. Heliyon 9 (2023) e21301

incorporating elements from the Health Ecology Model (HEM) and Self-determination Theory (SDT). This model is visually depicted in
Fig. 2, which illustrates the theoretical framework of the HEM-SDT program. At all four levels of management (hospital, community,
family, and individual), the national stroke health manager (nurse) acts as the link between the hospital and the community, while the
medical staff from the community health service center serves as the link between the community and the family. The multi-level
health management approach of the HEM-SDT model fosters the continuous transformation of individuals through multiple stages
of motivation, including no motivation, external motivation, and internal motivation. Ultimately, this process leads to the enhance-
ment and maintenance of individuals’ self-health management ability.

2.5.2. Development of intervention program

The health management model was formulated based on the literature and theoretical framework considering the specific and
advanced management of people at high risk of stroke. In the process of health management, the problems such as "who will manage",
"what to manage" and "how to manage" were clarified at the beginning of the study. Delphi’s expert consultation method was used to
evaluate and revise the key points of health management. After two rounds of expert consultation, the three stages of intervention and
37 intervention elements were finalized. See Appendix 1.

2.5.3. Implementation

The effectiveness of implementation of the HEM-SDT health management program requires the guidance and support in the
hospitals and communities, and the active participation of families and individuals. The research team was exclusively responsible for
the intervention and quality control of the whole program. The expert team included nurses, doctors, health managers, rehabilitation
specialists, psychological consultants and nutritionists. offline intervention was taken place in community health service centers, and
online intervention were conducted via social software "Tencent Conference" and "WeChat". In order to prevent the spread of COVID-
19, participants were required to wear protective masks and keep at least 1 m distance with others during the offline activities. The
problems encountered during the intervention process and its solutions are shown in Appendix 2.

People Behavior Environment Health Interactions
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Fig. 2. Theoretical framework.
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2.6. Control group

The intervention standards of the control group were formulated based on the current routine requirements of the National Stroke
Prevention and Control Commission. It was established mainly through telephone follow-up and face-to-face interview. The contents
included the status of disease, control of risk factor, drug administration, diet management, exercise guidance and stress relief
practices. In addition, any other special interventions were not undertaken, and the normal living conditions of individuals in the
community was maintained.

2.7. Outcome indicators and evaluation methods

2.7.1. Social-demographic information

The researcher designed a questionnaire to collect social-demographic information and verified it before the intervention. The
content included name, age, sex, permanent address, height, weight, marital status, education, monthly income, sleeping time, family
history of stroke, TIA history, contact information (phone number, WeChat). By collecting this information, the researcher aimed to
understand the participants’ background and characteristics, which could be relevant to the study and intervention.

2.7.2. Subjective indicators

The stroke-related health knowledge, belief, and behavior of the participants were assessed before the intervention and at three
follow-up points: 1 month, 3 months, and 6 months after the intervention. This allowed the researchers to track changes in these
variables over time and evaluate the impact of the intervention on the participants’ health-related knowledge, beliefs, and behaviors.

The Stroke Prevention Knowledge Questionnaire (SPKQ) was employed to assess the stroke-related health knowledge of the
participants. This questionnaire was developed by Chinese scholars Wan and her colleagues [27] and has demonstrated good reliability
and validity through widespread usage. The SPKQ consists of 36 items, categorized into 8 dimensions: daily living, exercise, diet, risk
factors of stroke, taking medicine, blood pressure monitoring, symptoms of stroke, and stroke management. Each item presents two
choices: "know" for 1 point and "don’t know" for 0 points. The total score ranges from 0 to 36 points, with a higher score indicating
better knowledge regarding stroke prevention and management. The item-to-total correlations ranged from 0.296 to 0.638 and the
Cronbach’s o was 0.882 in this study.

The Champion Health Belief Model Scale (CHBMS) was used to assess the level of health belief related to stroke. The scale was first
developed by Champion [28]. Then, it was translated and revised and has been used in China with a good reliability and validity. It
composed of 35 items under 6 dimensions, including susceptibility, severity, benefits, obstacles, health motivation and self-efficacy. A
5-grade Likert scoring method was used varying from "completely disagreed - 1" to "completely agreed - 5". Total score ranges from 35
to 175, higher score indicates a higher level of belief. The Cronbach’s o was 0.881 in this study.

The Health Promoting Lifestyle Profile IT (HPLP-II) was used to evaluate the status of health promotion behaviors. It was revised on
the basis of HPLP by an American scholar. It consists of 52 items under 6 dimensions, including health responsibility, exercise,
nutrition, self-realization, interpersonal relationship and stress response. Each item of the scale adopts 4-point Likert scoring method.
The responses "never" to "always" carry 1 to 4 points for each of the item and total score varies from 52 to 208. A higher score indicates
a better status of health promotion behaviors. HPLP II has been translated and improved for assessing people’s pre-stroke health
behavior in China. The Cronbach’s a was 0.913 in this study.

2.7.3. Objective indicators

It includes blood pressure (systolic pressure, SBP; diastolic pressure, DBP), blood glucose (fasting plasma glucose, FPG; glycosylated
hemoglobin, HbA1c-NGSP), blood lipids (total cholesterol, TC; triglycerides, TG; low-density lipoprotein, LDL; high-density lipo-
protein, HDL), homocysteine (Hcy), body mass index (BMI), physical exercise, smoking and alcohol usage status [29]. The evaluation
of these indicators was carried out before the intervention to establish baseline values and then repeated six months after the inter-
vention to observe any changes or improvements resulting from the health management program.

Blood pressure, blood glucose, blood lipid and homocysteine were tested with the “Follow up kit for screening and intervention of
people at high risk of stroke” provided by Shanghai Vebery Biotechnology Co., Ltd. The instruments included Chaosi blood pressure
monitor (to assess SBP and DBP), Sannuo Stable + Air blood glucose meter (to assess FPG), Cardiac blood lipid meter (to assess TG, TC,
LDL and HDL) and Hipro-AFS/1pro specific protein analyzer (to assess HbA1c-NGSP and Hcey).

BMI was calculated based on the height and weight.

Physical exercise, smoking and alcohol use status were recorded according to the results of particular investigations.

2.7.4. Other related indicators

Control rate: the risk factors control is expressed by the control rate.

Control rate= (number of patients before the intervention-number of patients after the intervention)/number of patients partici-
pated in the intervention x 100 %

Example: Hypertension control rate=(number of people whose blood pressure was high before the intervention - number of people
whose blood pressure is high after the intervention)/number of patients participated in the intervention x 100 %

Risk condition of stroke: The Essen Stroke Risk Assessment Scale (ESRS) was used to assess the risk condition. ESRS is a widely used
tool to assess the control of stroke risk factors and the risk of stroke occurrence. According to the total score, it can be divided into three
groups: low risk group (0-2 points), medium risk group (3-6 points) and high risk group (7-9 points).
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This study included control rates of Obesity, smoking, drinking alcohol, physical inactivity, hypertension, hyperglycemia,
hyperlipidemia, hyperhomocysteinemia, high or medium risk in ESRS, which were measured before and after 6 months of
intervention.

2.7.5. Definition of the outcome indicators
Hypertension: SBP>140 mmHg and/or DBP>90 mmHg.
Dyslipidemia: TG > 2.26 mmol/L and/or TC > 6.22 mmol/L and/or LDL>4.14 mmol/L and/or HDL<1.04 mmol/L.
Hyperglycemia: FPG>7.0 mmol/L and/or HbAlc NGSP > 6.5.
Obesity: BMI > 26 kg/m?.
Lack of exercise: Did not reach the standard of "exercise>3 times a week, and exercise of moderate intensity>30 min each time".
Smoking history: >1 cigarette per day, duration>6 months; This includes people who were smokers.
Family history of stroke: refers to the occurrence of stroke among immediate family members, including parents and siblings.
Alcohol consumption: the daily intake of alcohol for adult males is > 25g, and for adult females is > 15g.
High homocysteine: Hcy>15 pmol/L.

2.8. Statistical analysis

The statistical analysis was performed by SPSS, version21.0. The measurement data conforming the normal distribution were
expressed as mean and standard deviation. Count data were expressed as frequency and percentage (n, %). A t-test and chi-square test
were conducted to examine the differences in age, gender, spouse, education, monthly income, sleeping hours, family history of stroke
and TIA history before the intervention. A chi-square test was used to compare the difference in risk factor control rate after the
intervention. The Generalized Estimating Equation model (GEE) was used to evaluate the effect of health management on health
behavior, belief and knowledge of high-risk stroke population. Since health behavior, belief and knowledge scores are continuous
variables, the connection function adopted linear function, and the working correlation matrix adopted independent structure. All P-
values were from a bilateral test, and P <0 0.05 was considered as statistically significant.

3. Results
3.1. Description of the study sample

The mean age of all participants was 63.99 years (SD = 11.31) of which 57.6 % were male. More than half of them had low
educational level. At the time of admission, 18.3 % had a family history of stroke. There were no significant differences observed in

age, gender, spouse, education, monthly income, sleeping hours, family history of stroke, and history of TIA between the two groups (P
> 0.05). The details are compared in the table (See Table 1).

Table 1

Comparison of the characteristics of the participants.
Characteristics Control group (n = 113) Intervention group (n = 116) t/y2 P

n (%)/(Mean =+ SD) n (%)/(Mean =+ SD)

Age 62.94 +11.71 65.03 +10.91 —1.402 0.162
Gender
Male 65(57.5) 67(57.8) 0.001 0.971
Female 48(42.5) 49(42.2)
Spouse
Have 91(80.5) 90(77.6) 0.300 0.584
No 22(19.5) 26(22.4)
Education (in years)
<9 56(49.6) 56(48.3) 0.038 0.846
>9 57(50.4) 60(51.7)
Monthly income
<5000 RMB 78(69.0) 78(67.2) 0.084 0.772
> 5000RMB 35(31.0) 38(32.8)
Sleeping hours 6.24 + 1.24 6.23 + 1.63 0.032 0.974
Family history of stroke
Have 22(19.5) 19(16.4) 0.372 0.542
No 91(80.5) 97(83.6)
TIA
Have 18(15.9) 19(16.4) 0.009 0.926
No 95(84.1) 97(83.6)

Abbreviation: TIA, history of Transient Ischemic Attack.
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3.2. Effectiveness of HEM-SDT in health knowledge, belief, and behavior

3.2.1. Fixed and interaction effects
The analysis of GEE was conducted to examine changes across group and time between two groups on scores of health konwledge,
health belief and health behavior. Table 2 showed significance of group and time interaction (P < 0.001).

3.2.2. A GEE model for intervention outcomes

The benefits of the intervention were observed through health knowledge, beliefs, and behavior (shown inTable 3). The health
behavior score of the intervention group increased from 136.82 to 173.28 over the time. Health knowledge and belief scores also
improved significantly. In addition, the interaction effect demonstrated that the health management had a positive interaction effect
on the health knowledge, belief and behaviors of high-risk groups for stroke [ = 8.774, 95 % CI (7.944,9.604)1, [ = 26.943, 95 % CI
(23.999,29.887)] and [ = 29.618, 95 % CI (22.332, 36.904)] after the intervention.

3.3. Rate of risk factors of pre-intervention and post-intervention

Before the intervention, there was no significant differences in stroke risk factors between the two groups (P > 0.05). However, the
control rates of hypertension, hyperlipidemia, BMI, homocysteine, and ESRS were higher than those in the control group after 6
months of intervention. The difference was statistically significant (P < 0.05), the hypertension control rate reached 75.3 % and more
than half of the patients with high-risk stroke turned to low risk. Details are given in Table 4.

4. Discussion

The HEM-SDT health management model is scientific and seems feasible. While stroke prevention and treatment continues as a
tremendous challenge for global public health, the health management of high-risk population shows a positive trend in improving the
situation [30]. The HEM-SDT health management model connects the hospitals, communities and families through multidisciplinary
collaboration and health management team. The HEM-SDT health management model mobilizes the enthusiasm of family members
and the high risk groups of stroke, stimulates the autonomy motivation of high-risk groups, and drives the high-risk groups more
willingly to change their behavior, which is conducive to effective health management. Through a three-stage health management
system, the people at high risk of stroke gradually deepen their understanding of themselves and their diseases, and participate more
actively in their own health management under the continuous guidance of the health management team. At the end, the patient’s
knowledge, beliefs, and behavior levels were highly improved, and risk factors were optimally controlled. It shows that the model
significantly impacts the health management of the high risk groups of stroke.

The HEM-SDT health management model improves the health knowledge, belief, and behavior of high-risk stroke group. The
improvement of health knowledge, beliefs and behaviors is the basic requirement for the health management of high-risk groups for
stroke [31]. As the onset and recurrence of stroke are closely related to unhealthy behaviors, promoting the healthy behaviors is the
key function of the health management of this group of people. Health knowledge is the foundation for behavior change [32]. Hospitals
and community personnel regularly conducted lectures and skills training in accordance with the three-stage management of hospitals,
communities, and work groups. Besides, the health manager who served as a link conducted regular follow-up appointments and
clarified the questions of the participants. Gradually, the intervention group gained a better understanding of how stroke occurs and
develops. Following that, the stroke-related knowledge in the intervention group was continuously strengthened and consolidated over
time. Therefore, the health knowledge of the people in the intervention group was better improved compared to the control group.
Which is similar to the results of Yi-No Kang [33]. Health belief is the driving force for healthy behavior change and the most direct
influencing factor for health behavior improvement [34]. The intervention group’s health management motivation was continuously
generated and strengthened, and their health beliefs were greatly improved, which was consistent with the result of other researchers
[35,36]. Compared to the results of the Meng Yao Wang’s study [37], health behaviors of high-risk for stroke groups have been greatly
improved after the intervention in this study. The HEM-SDT health management model fully addressed both the internal and external
factors affecting health behavior, and managed health behavior through the multi-level link of hospital-community-family. On the
other hand, health management team also involved in providing professional guidance and support to the intervention groups. Ul-
timately, health behaviors are sustainable and health management is remarkable.

The HEM-SDT health management model has effectively controlled the modifiable risk factors of stroke. The most effective strategy
for preventing stroke is the management of modifiable risk factors. And the most important modifiable risk factors for stroke is

Table 2
Fixed and interaction effects test of GEE model.
Health knowledge Health belief Health behavior

Variable Wald at P Wald af P Wald af P
Intercept 13252.444 1 P<0.001 18325.953 1 P<0.001 21835.763 1 P<0.001
Group 206.952 1 P<0.001 214.648 1 P<0.001 94.991 1 P<0.001
Time 1746.796 3 P<0.001 727.847 3 P<0.001 152.027 3 P<0.001
Group*Time 518.055 3 P<0.001 419.273 3 P<0.001 75.766 3 P<0.001
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Table 3
Contrast of health behavior, belief, knowledge based on GEE.
Baseline Follow-up Follow-up
Control (Mean, SD) Intervention (Mean, SD) Control (Mean, SD) Intervention (Mean, SD) B (95%CI) P
Health knowledge 13.29 + 4.06 13.64 + 3.86 16.50 + 3.89 25.62 + 3.88 8.774(7.944, 9.604) 0.001
Health belief 54.80 + 12.07 55.48 +£12.37 59.56 + 12.66 87.18 +£ 14.21 26.943(23.999, 29.887) 0.001
Health behavior 133.42 + 29.22 136.82 + 32.76 140.27 + 37.45 173.28 + 24.22 29.618(22.332, 36.904) 0.001

The coefficient of the interaction term Time*Group confirms the mean difference in terms of intervention outcomes over time between the two
groups.

Table 4
The control of risk factors in pre-intervention and post-intervention.

Risk factors Control group [n = 113, n (%)] Intervention group [n = 116, n (%)] )(2 P

Hypertension Pre-intervention 76(57.6) 77(66.4) 2.025 0.155
Post-intervention 51(38.3) 19(16.4) 14.794 0.000
Control rate (%) 329 75.3

Hyperglycemia Pre-intervention 58(54.5) 62(53.4) 0.103 0.748
Post-intervention 41(36.3) 21(18.1) 21.233 0.000
Control rate (%) 29.3 66.1

Dyslipidemia Pre-intervention 57(50.4) 59(50.9) 0.004 0.949
Post-intervention 38(33.6) 22(19.0) 6.365 0.012
Control rate (%) 33.3 62.7

Obesity Pre-intervention 36(31.9) 38(32.8) 0.021 0.884
Post-intervention 27(23.9) 14(15.7) 5.445 0.020
Control rate (%) 25.0 63.2

hyperhomocysteinemia Pre-intervention 46(40.7) 51(44.0) 0.249 0.618
Post-intervention 43(38.1) 30(25.9) 3.917 0.048
Control rate (%) 6.5 41.2

Smoking Pre-intervention 41(36.3) 41(35.3) 0.022 0.882
Post-intervention 34(30.1) 21(18.1) 4.505 0.034
Control rate (%) 17.1 48.8

Alcohol consumption Pre-intervention 44(38.9) 47(40.5) 0.060 0.807
Post-intervention 41(36.3) 28(24.1) 4.011 0.045
Control rate (%) 6.8 40.4

Lack of exercise Pre-intervention 54(47.8) 56(48.3) 0.005 0.941
Post-intervention 47(41.6) 33(28.4) 4.351 0.037
Control rate (%) 13.0 41.1

ESRS>2 Pre-intervention 46(40.7) 47(40.5) 0.001 0.977
Post-intervention 34(30.1) 13(12.2) 12.511 0.000
Control rate (%) 26.1 72.3

Abbreviation: ESRS, Essen Stroke Risk Assessment Scale.

hypertension, which is responsible for more than half of all strokes [38]. Further, strokes are more likely to occur in diabetic patients
than in the general population by a factor of 2-5 [34]. In this study, the control rate of hypertension (75.2 %), hyperglycemia (66.1 %)
and hyperlipidemia (62.7 %) were improved through the HEM-SDT health management model, which is higher than Amytis Tow-
fighi’s results [39]. In addition, BMI, smoking, drinking, etc. had also been controlled to a certain extent. The reason for the success of
the model highlights the usage of multi-level management system in the hospital, community, and family to identify the individual
stroke risk factors, and stimulate the individual’s autonomous motivation to control the risk factors for stroke.

4.1. Limitation

The majority participants of the intervention group were the middle-aged and elderly with limited education level, that resulted in
difficulties in understanding the intervention content and utilizing smart phones. As the indicators selected in this study can measure
the effect of health management well, a complete evaluation system has not been established. Therefore, future research should pay
attention to the development of an evaluation system for health management effects. The intervention time of this study is 6 months.
The Transtheoretical Model of Change (TTM) believes that it takes at least 6 months for individuals to change a negative health
behavior or obtain and maintain a positive health behavior. Health management is mainly achieved through the management of health
behavior, and health management of stroke high-risk groups should be a long-term and uninterrupted process. Future studies should
focus on multi-center based long term studies with large-sample to verify the effect of health management.

5. Conclusion

The HEM-SDT health management model is a multi-level and phased comprehensive management model. It has proven to be
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effective in improving the health behavior, knowledge and belief of the individuals at high risk for stroke. Interventional risk factors

such as hypertension, hyperlipidemia, smoking, and alcohol consumption have also been successfully managed. Which can serve as a
theoretical and practical reference for systematic health management for people at high risk of stroke in the future.
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