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Objective: This study aims to investigate the level of knowledge, attitude and self-management behaviors of diabetic patients, to explore the mediating role of attitude in the relationship between knowledge and self-management behaviors.
Methods: 900 diabetes patients were randomly selected from the eastern, central and western regions of Shandong Province, China, and recovered 863 valid questionnaires. Path analysis was used to examine the mediating role of attitude in the relationship between knowledge and self-management behaviors in patients with diabetes.
Results: The mean score (SD) of the diabetes self-management questionnaire (DSMQ) in this study was 35.01 (6.87). The direct effect value of knowledge level on self-management behaviors was 0.357, accounting for 62.09% of the total effect. The indirect effect value of knowledge on self-management behaviors through attitude was 0.218, accounting for 37.91%.
Conclusion: Level of knowledge has a significant direct impact on self-management behaviors and an indirect impact on self-management behaviors through attitude. Therefore, it is necessary to strengthen health education on diabetes to improve awareness, ameliorate attitudes toward diabetes, and change self-management behaviors.
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INTRODUCTION
With the rapid development of social economy and the aggravation of population aging, the prevalence of diabetes is gradually increasing [1]. According to the 10th edition of the Diabetes Atlas released by the International Diabetes Federation [2], the number of patients with diabetes aged 20–79 in the world has reached 536.6 million in 2021, and is estimated to reach 783.2 million by 2045. China is one of the countries with the most significant increase in the prevalence of diabetes in the world [3]. The number of patients with diabetes in China was about 140.9 million in 2021, ranking the first in the world, and is estimated to reach 174.4 million by 2045 [2]. Diabetes is one of the main drivers of global mortality, about 6.7 million adults aged 20–79 will die of diabetes or its complications in 2021, and China has the highest number of deaths from diabetes, at approximately 1.4 million [2]. Unstable blood glucose control may cause a series of serious complications, such as retinopathy, nephropathy, and neuropathy [4], which seriously threat the quality of life in patients with diabetes and bring a huge disease burden to individuals, families, and society. Therefore, it is particularly important to control the blood glucose in patients with diabetes and prevent the onset of complications.
Diabetes management is reported to help control blood glucose and effectively prevent complications [5]. In recent years, research on diabetes management focuses on community management and self-management [6]. Diabetes community management refers to health education, guidance, and intervention implemented for diabetic patients performed by community medical staff, and regular health monitoring and follow-up visits with the aim of treatment compliance improvement [7]. Worldwide practical experience shows that extensive community-based population intervention and health management is an effective strategy for preventing and controlling diabetes [8, 9]. In addition, a large amount of research demonstrates that active engagement in diabetes community management assists in controlling the level of blood glucose, promoting individual mental health and further improving the quality of life [10–12].
Moreover, the community management of diabetes also emphasizes the self-management of patients [13–15]. From the experience at home and abroad, the community is an important base for self-management and prevention of diabetes, and also the most effective choice to prevent and control chronic diseases. Based on community management, community health workers help improve the self-management ability of patients with diabetes through health education, and combine community management with self-management to comprehensively and systematically manage the health status. Therefore, the self-management of patients with diabetes has received more and more attention. It is considered to be one of the most cost-effective health management measures, and is described as the basis for controlling blood glucose, preventing complications, and improving health status and quality of life [15, 16]. Diabetes self-management refers to the diabetes patients, with the assistance of medical staff, managing their daily behaviors and lifestyle by adopting scientific self-management skills. It is conducive to stabilizing the condition, promoting health and improving the quality of life [15, 17].
Prior studies have found that the self-management level of patients with diabetes still needs to be improved [18, 19]. A study in Oman found that only 1% of patients regularly self-monitored their blood glucose, 9.5% of them did exercise regularly, and 18% of them maintained healthy diet habits [18]. A study from China showed that only 9.2% of patients with diabetes had a good level of self-management [19]. Numerous studies have explored the factors associated with self-management. A systematic review has reported that longer time living with diabetes, financial difficulties, and low self-efficacy were the main obstacles to diabetes self-management [20]. Another study found that males, being old, married, duration of diabetes, the COVID-19 pandemic, reduced support from health professionals, and increased levels of anxiety and stress were associated with the self-management level of patients with diabetes [21].
Previous studies on diabetes self-management mainly focus on the level of self-management [18, 19], influencing factors [22, 23], and the effect of intervention strategies [24]. Some studies have also discussed the impact of the knowledge level or attitude on self-management behaviors in patients with diabetes [25–28]. However, little is known about the correlation and path relationship between knowledge, attitude, and self-management behaviors in patients with diabetes. Reliable evidence is warranted to provide further insight for decision-makers to evaluate management strategies designed for the prevention and treatment of diabetes. Knowledge, Attitude, and Practice (KAP) model was first proposed by Dr. Gcust in the 1960s and has been widely used in the field of public health [29]. KAP model suggests that knowledge is the basis of behaviors change, attitude is the driving force for behaviors change [30]. This study aims to investigate the level of knowledge, attitude and self-management behaviors in patients with diabetes based on KAP model. The relationship between knowledge, attitude and self-management behavior of diabetes patients was explored through path analysis.
METHODS
Study Design and Setting
This cross-sectional study was conducted in Shandong Province from August to September 2019. Shandong is a major province in east China with a vast area and large population [31]. This study used a multi-stage stratified sampling method. First, three prefectures (Qingdao, Weifang, and Liaocheng) were selected based on their geographical location and socio-economic status. Second, one urban district and one rural county were selected in each prefecture. Third, three streets and three townships were selected in each district and each county, respectively. Fourth, three communities and three villages were selected in each street and each township, respectively. Finally, a total of 27 urban community health stations (CHSs) and 27 rural village clinics (VCs) were selected as sample areas.
Study Sample and Data Collection
This study is a cross-sectional study on knowledge, attitude and self-management behaviors of patients with diabetes. All the tests were double-tailed, α Value is 0.05, and the allowable error value is 0.05. The sample size calculated according to the formula “[image: image]” should be 385 cases [32]. Considering the 20% loss rate, at least 482 patients with diabetes need to be included in this study.
A total of 900 diabetic patients who were included in the basic public health services, which is a long-term strategic deployment to address China’s public health problems and improve the health level of residents [33], were randomly selected as the participants from the sample areas. The inclusion criteria of diabetic patients were diagnosis of diabetes mellitus by the clinician. Diabetes patients with mental illness, communication difficulties and cognitive impairment were excluded. This study has been approved by the ethics committee of the School of Healthcare Management, Shandong University, China (ID: ECSHCMSDU20170401). All participants were voluntary to join the survey and provided written informed consent at the beginning of the study.
In this study, a questionnaire survey was used to collect data. A total of 863 valid questionnaires were collected from August to September 2019 with a response rate of 95.89% (863/900). Participants were convened in community health service stations or village clinics for one-on-one questioning by trained investigators. All questions in the questionnaire are filled out by the investigators, and both questioning and questionnaire filling were conducted simultaneously.
Measures and Variables
The diabetes self-management questionnaire (DSMQ) was used to measure the self-management level of the participants [34]. DSMQ is a reliable and effective instrument to effectively evaluate self-management behaviors associated with blood glucose control. This study used a self-designed scale based on the diabetes prevention and treatment guidelines as well as the existing literature to measure the knowledge and attitude among patients with diabetes mellitus [35, 36]. There were 16 items in the knowledge scale of diabetic patients, with 1 point for a correct answer, and the total score ranged from 0 to 16. The diabetic attitude scale had 11 five-point Likert scale questions with options including very agreed, agreed, moderate, disagreed, very disagreed, and was successively assigned points of 1, 2, 3, 4, and 5. For items 1, 2, 3, and 11, the points were assigned on a reverse scale. The total score was calculated as the sum of the points in 11 items, ranging from 0 to 55. Less than 34 refers to a poor attitude, 34–46 refers to a moderate attitude, and higher than 46 refers to a good attitude.
In addition, we also collected some risk factors that contribute to the outcome variables through the questionnaire survey. Social-demographic variables included age (years), gender (male, female), residence area (rural, unban), marital status (unmarried, married), and educational level (illiteracy, primary school, junior school, high school or above). Diabetes-related variables included family medical history (yes, no), diabetes complication (yes, no), blood glucose level (normal, abnormal), and duration of diabetes (years). The duration of diabetes refers to years from diagnosis of diabetes to investigation.
Statistical Analysis
IBM SPSS Statistics 25.0 was used to analyze the data. We used frequency (N), percentage (%), and mean (standard deviation [SD]) to show the socio-demographic and diabetes-related characteristics of the participants. One-way ANOVA and linear correlation analysis were used to analyze the categorical and continuous factors associated with self-management behaviors, respectively. Multiple linear regression analysis was carried out on the factors associated with self-management behaviors, and dummy variables were set for the categorical variables with more than two groups, including educational level. Path analysis was used to examine the mediation effect of attitude on the relationships between knowledge and self-management behaviors. All the tests were double-tailed and a p values ≤ 0.05 was considered to be statistically significant.
RESULTS
A total of 863 patients with diabetes (male 33.2% and female 65.8%) were enrolled in this study. The mean age (SD) was 51.21 (8.53) years, and the mean duration of diabetes (SD) was 8.69 (6.24) years. The mean score (SD) of diabetes knowledge was 11.32 (3.28), and the mean score (SD) of diabetes attitude was 44.48 (6.17). Diabetes patients from rural areas accounted for 45% (388/863), 10.3% of the patients were unmarried, only 16.2% had a high school education or above, nearly 1/3 of the patients had a family history of diabetes, 36.1% had diabetic complications, and 34.3% of the patients had abnormal blood glucose levels. Better diabetes self-management behavior was more likely to be observed in participants living in urban areas (F = 13.678, p < 0.001), with no diabetes complication (F = 6.914, p < 0.001), higher diabetes knowledge level (r = 0.242, p < 0.001) and higher diabetes attitude (r = 0.464, p < 0.001) (Table 1).
TABLE 1 | Characteristics and the single analysis of diabetes self-management behaviors (China, 2019).
[image: Table 1]Table 2 presents the factors associated with diabetes self-management behaviors. In Model 1, after adjusting for the covariates, higher diabetes knowledge level (β = 0.272, p < 0.001) was associated with better diabetes self-management behaviors. In Model 2, after additionally adjusting for diabetes attitude, both diabetes knowledge (β = 0.174, p < 0.001) and diabetes attitude (β = 0.428, p < 0.001) were positively associated with diabetes self-management. However, the partial regression coefficients of diabetes knowledge decreased, indicating a mediation effect of diabetes attitude on the association between diabetes knowledge and self-management behaviors. Being younger (β = −0.071, p < 0.05), living in urban areas (β = 0.091, p < 0.01) and having less diabetes complication (β = −0.077, p < 0.05) were independently associated with greater self-management behaviors.
TABLE 2 | Factors associated with self-management behaviors in diabetes patients by linear regression [β (95% CI)] (China, 2019).
[image: Table 2]We further examined the mediation effect of attitude between their knowledge and self-management behaviors in patients with diabetes in Table 3. The findings indicate a partially mediation effect of attitude, since 95% CI in both direct effect (0.214, 0.500) and indirect effect (0.142, 0.299) were above 0. In addition, the direct effect of knowledge on self-management behaviors was 0.357, accounting for 62.09% of the total effect. The indirect effect of knowledge on self-management behaviors through attitude was 0.218, accounting for 37.91% (Table 3). The standardized path coefficients were shown in Figure 1.
TABLE 3 | Mediation effect of attitude between knowledge and self-management behaviors in diabetes patients (China, 2019).
[image: Table 3][image: Figure 1]FIGURE 1 | Mediation model with standardized path (β) coefficients of attitude as the mediator in the relationship between knowledge and self-management behaviors in patients with diabetes (China, 2019).
DISCUSSION
This study described the status of knowledge, attitude, and behaviors of self-management, and innovatively revealed their interrelationships in 863 Chinese patients with diabetes. Our study reported a moderate level of self-management behaviors in patients with diabetes. The level of diabetes knowledge has a significant direct impact on their self-management behaviors, and the attitude exerted a mediation effect on the association between diabetes knowledge and self-management behaviors. Findings from this study contributed to doctors understand the relationship between knowledge, attitude and self-management behaviors of diabetes patients. And these findings provide a basis for improving the self-management behaviors of diabetes patients.
The mean score of the diabetes self-management questionnaire (DSMQ) in this study was 35.01 out of 48, which was higher than that of some other countries such as Pakistan (23.04) and Iran (33.1) [37, 38], and was ameliorated compared with previous studies (30.89) in China [39], but the self-management level still lower than that of some developed countries, such as such as Germany (37.44) and Hungary (36.72) [40, 41]. The self-management level of diabetes patients varies in different studies. This may result from the differences in the socio-economic status, the access to medical and health services and diabetes self-management education in different countries and regions [37–39]. It may also be related to the different definitions of self-management behaviors in patients with diabetes, the study design and the subject factors in different studies [40–42]. Our study reported that t the self-management of diabetic patients in China is at a moderate level. Good self-management of diabetes can reduce or delay the occurrence of complications, which is conducive to the control of diabetes [43]. It is urgent to design and implement tailored approaches to improving the self-management behaviors in diabetic patients.
Our study observed that the knowledge level was positively associated with their self-management behaviors in patients with diabetes. This is consistent with the results of previous studies [44, 45]. The higher the knowledge level of diabetes patients, the better their self-management behaviors. This may be because the higher the level of diabetes knowledge of patients, the easier it is to accept opinions about changing self-management behaviors [43]. Some studies have shown that health education on diabetes has a direct impact on self-management in patients [17]. Strengthening the health education of diabetes self-management and improving the knowledge level of patients is one effective measure to improve the self-management behaviors of diabetes patients [46]. Therefore, healthcare providers should carry out health education for patients with diabetes, and actively teach patients self-management knowledge such as eating habits and physical exercise [47]. This is beneficial to change the poor self-management behavior of diabetes patients, develop good living habits, and improve the condition of diabetes.
Our study also found that attitudes toward diabetes were partially mediating the association between knowledge and self-management behaviors. It indicated that the impact of diabetes patients’ knowledge on their self-management behaviors was partly through attitude. In other words, diabetes patients with a higher level of knowledge on health were easier to form a more positive health attitude, which was conducive to developing healthy diabetes self-management behaviors. Studies have reported that a positive attitude is the basis for improving self-management behaviors in patients with diabetes [48]. Therefore, diabetes patients not only need to improve their knowledge level, but also should maintain a positive attitude, which will help improve their self-management behaviors. Some studies have shown that support received from family and friends can help diabetes patients to have an optimistic and positive attitude [49]. Therefore, the future interventions to promote good self-management behaviors among patients should involve the companionship and support of family and friends. In addition, some studies also found that patients’ attitudes towards diabetes were affected by their knowledge level [45]. Thus, in the future diabetes health education, healthcare providers should also pay attention to patients’ attitudes towards diabetes. Enhance patients’ awareness of the importance of self-management, promote patients’ positive attitude towards diabetes, and then have good self-management behaviors.
In addition, this study demonstrated significant associations between some socio-demographic characteristics and diabetes self-management behaviors. We observed that the level of self-management was better in diabetic patients living in urban areas compared to those living in rural areas. This may result from the fact that urban areas have more opportunities to access information about diabetes self-management through media, books, and the internet [50]. We also found that older patients had lower levels of diabetes self-management. The self-management level of patients with longer diabetes duration was poor. And the diabetes patients with severe complications had worse self-management behaviors. Therefore, healthcare providers should pay more attention to the above types of diabetes patients, and prevent them from worsening their diabetes due to poor self-management.
Limitations
This study is subject to several limitations. First, this is a cross-sectional study, which can most appropriately reveal the associations of the variables observed at a single time point, instead of causality. Therefore, longitudinal datasets are warranted to identify the causality relationships in future research. Second, the knowledge and attitude scales of diabetic patients used in this study were self-designed according to previous studies, but they were proved to have acceptable Cronbach’s Alpha (0.781 and 0.701). Third, the investigators collected clinical covariates such as diabetes complication, blood glucose level, and duration of diabetes through questionnaires, which may lead to recall bias. Finally, the samples in this study were only from three prefectures in Shandong Province, which may affect the representativeness of the research samples. However, we have obtained samples from different urban districts and rural counties according to geographical location and economic development level with similar demographic characteristics to the national average, so our results still provide insights into self-management in Chinese patients with diabetes.
Conclusion
The diabetes knowledge and attitude were positively correlated with self-management behaviors in patients with diabetes. Good self-management behaviors were based on the good knowledge level and positive attitude of patients with diabetes. The attitude toward diabetes plays a partial mediation role in the association between knowledge and self-management behaviors. These findings provide practical evidence and policy implications for diabetes-related healthcare services. Therefore, it is warranted to tailor health education programs for patients with diabetes to improve health awareness, attitudes, and self-management behaviors, and control blood glucose levels throughout all stages of diabetes.
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