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The mediating effect of e-health literacy on social support and behavioral decision-making on glycemic management in pregnant women with gestational diabetes: a cross-sectional study
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Background: Social support and e-health literacy are closely related to individual health behaviors, while behavior is premised on decision-making. Few studies have identified the relationships among social support, e-health literacy, and behavioral decision-making, and the nature of these relationships among pregnant women with gestational diabetes remains unclear. Therefore, this study aimed to investigate relationships among social support, e-health literacy, and glycemic management behavioral decisions in pregnant women with gestational diabetes.

Methods: Using continuous sampling, an online cross-sectional survey was conducted among pregnant women with gestational diabetes who met the inclusion and exclusion criteria at four Class 3 hospitals in Fujian Province from October to December 2023. A structured questionnaire was used to collect data on general characteristics, socioeconomic status, social support, e-health literacy, and behavioral decision-making regarding glycemic management. Descriptive statistical analyses, correlation analyses, and mediation effects were used to assess associations.

Results: A total of 219 pregnant women with gestational diabetes participated, and 217 valid results were obtained. The level of glycemic management behavior decision-making in women with gestational diabetes was positively correlated with e-health literacy (r = 0.741, p < 0.01) and with perceived social support (r = 0.755, p < 0.01). E-health literacy was positively correlated with perceived social support (r = 0.694, p < 0.01). The indirect effect of perceived social support on glycemic management behavior decisions through e-health literacy (a*b) was 0.153, accounting for 38% of the total effect.

Conclusion: Social support and e-health literacy in pregnant women with gestational diabetes are related to behavioral decision-making in glycemic management. The results of this study provide a reference for developing targeted measures to improve glycemic management behaviors in pregnant women with gestational diabetes, which is crucial for achieving sustainable glycemic management.
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1 Introduction

Gestational Diabetes Mellitus (GDM) is the most common metabolic disease during pregnancy and is defined as an abnormal glucose tolerance that first occurs or is discovered during pregnancy (1). The Global Diabetes Map data report from the International Diabetes Federation points out (2) that 16.2% of pregnant women worldwide experience varying degrees of elevated blood sugar, of which 86.4% are caused by GDM. In China, the overall incidence of GDM is 14.8% and the number of pregnant women with GDM ranks among the highest worldwide (3). With the increasing prevalence of unhealthy lifestyles and the development of assisted reproductive technology, the number of GDM cases will continue to increase. The high incidence of GDM poses a huge burden on the social economy (4). In 2017, the global average additional cost for patients with gestational diabetes was US$15,593, an increase of 8% from the 2015 statistics (5). The average cost of diagnosis and treatment for a Chinese pregnant woman with GDM is US$6,677.37, which is 1.95 times higher than that for a normal pregnant woman. The annual social and economic burden is approximately US$19.36 billion (6).

More importantly, GDM is the most direct risk factor for short- and long-term adverse health outcomes in pregnant women and their offspring. GDM not only directly leads to an increase in the incidence of adverse health outcomes for pregnant women and their offspring but also leads to a significant increase in the incidence of depression and other negative emotional reactions. First, pregnant women with GDM have a significantly increased risk of developing glucose metabolism disorders and type 2 diabetes mellitus (T2DM) in the future. Studies have shown that 50% of women with a history of GDM have an abnormal glucose metabolism rate of 42.2% within 2 years of delivery, an incidence rate of glucose impairment of 18.4%, a cumulative incidence rate of diabetes of 17.4%, and impaired glucose metabolism that persists for up to 10 years (7, 8). Daly et al. (9) conducted a retrospective cohort study and showed that pregnant women with GDM have a significantly higher risk of developing hypertension and T2DM than pregnant women with normal blood sugar levels. Second, as the mother’s blood sugar levels increase, the chances of adverse pregnancy outcomes such as hypoglycemia, macrosomia, and intrauterine distress also increase (10, 11). A study from Finland also showed that the offspring of patients with GDM have a higher risk of congenital malformations (12). GDM can also cause psychological distress to the mother, which, in turn, affects the normal growth and development of the fetus. In a prospective longitudinal study, Fraser et al. (13) found that the anxiety and depression scores of women with GDM who used insulin or who controlled their blood sugar through diet were significantly higher than those of women without GDM. Riggin et al. (14) also found that GDM is associated with severe mental illness. A meta-analysis by Rowland et al. (15) showed that maternal exposure to gestational diabetes was associated with autism spectrum disorder. Therefore, preventing, controlling, and reducing the incidence of GDM and its individual and social burdens are tasks that cannot be ignored in the global healthcare of pregnant women.

Glycemic management in pregnant women with GDM is considered the most cost-effective prevention and control strategy (16, 17). However, existing studies (18–21) indicate that the glycemic management level of pregnant women with GDM is moderate to low. To this end, many scholars (22–24) have conducted empirical intervention studies to improve blood sugar management in pregnant women with GDM. Although it is very effective in promoting individual management behavior changes in the short term, many challenges remain in changing lifestyles and maintaining blood sugar management behaviors in pregnant women with GDM. From a behavioral science perspective (25), the process of individual behavior change is closely related to behavioral decision making. The premise of action is decision making, which involves individual cognition, ability, and the external environment. In addition, as a special vulnerable group, social support can greatly affect blood sugar management decision-making behavior in pregnant women with GDM (26). With the development of information technology, the status of traditional medical staff as the main transmitters of disease-related information has changed. The frequency with which pregnant women with GDM obtain health information through electronic devices has also increased. The ability to seek and obtain information to understand their diseases are referred to as electronic health (e-health) literacy, which has a critical effect on glycemic management decisions (27, 28). Some studies (29, 30) have pointed out that in the digital environment, e-health literacy is a key factor affecting health because it can mobilize individuals’ enthusiasm to actively participate in health management and improve individual motivation for health behaviors. The comprehensive model of information acquisition (31, 32) proposes that in the digital environment, complete social support can enhance people’s information management effectiveness and improve e-health literacy. However, previous e-health-related research focused on online public health and e-health intervention measures (33). The target groups focused on older adults, students, and some people with chronic diseases. Few studies have been conducted on the e-health literacy of pregnant women with GDM. The relationship and influence paths among social support, e-health literacy, and glycemic management behavioral decision-making in pregnant women with GDM have not yet been reported. Considering this, this study explored the relationship between social support and behavioral decision-making regarding blood sugar management in pregnant women with GDM, as well as the factors mediating this association. We proposed the following hypotheses: (1) Social support is positively related to behavioral decision-making regarding glycemic management. (2) E-health is positively correlated with behavioral decision-making regarding glycemic management. (3) E-health literacy mediates the effects of social support and behavioral decisions on glycemic management.



2 Materials and methods


2.1 Participants

Using a continuous sampling method, pregnant women with GDM who met the admission and discharge standards at four tertiary hospitals in Fujian Province were selected for investigation from October 2023 to December 2023. The following inclusion criteria were used: (1) diagnosis of GDM by a 75 g oral glucose tolerance test (16); (2) regular prenatal check-up in the obstetrics clinic; (3) good Chinese language expression and communication skills; and (4) informed consent and voluntary participation in this study. Patients with severe pregnancy-related complications or comorbidities were excluded (34). The following sample size formula was used (35): N = [number of variables × (5–10) × [1 + (10–15%)]]. There were variables in this survey and considering that 10% of the questionnaires were invalid, at least 189 participants were included. The final sample size was 217.



2.2 Measures


2.2.1 Evaluation of related variables

This study included general information, such as age, gestational period, place of residence, education level, family history of diabetes, occupation, current method of controlling blood sugar, history of antidiabetic drug use, type of medical insurance, and per capita monthly household income.



2.2.2 Evaluation of the dependent variables

The Behavioral Decision-making scale for glycemic management in pregnant women with GDM was developed by the researchers based on behavioral decision-making theory and a transtheoretical model, combined with a literature review, qualitative interviews, and two rounds of expert consultation. It includes four dimensions–behavioral decision-making motivation, behavioral decision-making influencing factors, behavioral decision-making intention, and behavioral decision-making effectiveness–with 34 items each. The scale adopts a 5-point Likert scoring method, ranging from “strongly disagree to strongly agree” with scores ranging from 1 to 5. The scores on this scale range from 34 to 170 points. Higher scores indicate better behavioral decision-making for glycemic management. In this study, the Cronbach’s alpha coefficient of the scale was 0.979, the half-half reliability was 0.919, the test–retest reliability of the total scale was 0.863, and the test–retest reliability of each dimension was between 0.717 and 0.703, indicating good reliability. At the same time, the value range of the content validity index of each item of the scale (I-CVI) is 0.780–1.000, the I-CVI of each dimension is 1.000, the content validity index of the total scale (S-CVI) is 0.828, χ2/df = 2.779, RMSEA = 0.080, RMR = 0.027, GFI = 0.776, NFI = 0.896, IFI = 0.931, TLI = 0.923, CFI = 0.931, PGFI = 0.656, PNFI = 0.803, and PCFI = 0.834.



2.2.3 Evaluation of the independent variables

Electronic Health (E-Health) Literacy Scale. This scale was compiled by Norman et al. (36) in 2006. Guo et al. (37) translated and revised the scale into Chinese in 2013 to create a Chinese version. This scale includes three dimensions: the application ability test of online health information and services (5 items), judgment ability test (2 items), and decision-making ability test (1 item), with a total of eight items rated on a 5-point Likert scale. The score ranges from 5 to 40 points; the higher the score, the higher the level of e-health literacy. In this study, Cronbach’s alpha coefficient for this scale was 0.990.

Perceived Social Support Scale (PSSS). This scale was revised into Chinese by Jiang et al. (38) based on Zimet et al. (39). It is used to measure perceived social support. It can be divided into either two dimensions (support within the family and support outside the family) or three dimensions (support from family, friends, and others), with a total of 12 items. Using a 7-point Likert scale, strongly disagree is scored as 1 point, and strongly agree is scored as 7 points, with a total score of 12–84. The higher the total score, the higher the degree of social support perceived by the individual. In this study, Cronbach’s alpha for this scale was 0.990. This study examined two dimensions: intra-family support (four items) and extra-family support (eight items).




2.3 Data collection

After obtaining consent from the relevant departments of the hospital, the researchers conducted field surveys from October to November 2023 and screened pregnant women with GDM who met the inclusion criteria among outpatients and inpatients by reviewing medical records and relevant examination results. Before the investigation, the researcher first explained the purpose of the study and the relevant precautions for completed the questionnaire to the respondents and distributed the questionnaire after obtaining their informed consent. While the respondents completed the questionnaires, the investigators waited on site to answer any questions in a timely manner. After the questionnaire was completed, the investigator promptly collected it and immediately checked the completion status. If any missing or overfilled options were found, the patient was reminded to make corrections to obtain a valid questionnaire.



2.4 Statistical procedure

After two people screened the invalid questionnaires, SPSS 26.0, and its macro program Process 4.1 component were used to perform the corresponding statistical analysis of the data.

1. Frequency and composition comparison were used to statistically describe general information such as residence, family history of diabetes, occupation, current glycemic control methods, and history of anti-diabetic drug use.

2. The score of behavioral decision-making on glycemic management, e-health literacy, and perceived social support scale were all approximately normally distributed, so the mean ± standard deviation (M ± SD) was used to describe the variables.

3. Independent sample t-tests and one-way analysis of variance were used to compare differences in the decision-making regarding glycemic management behavior.

4. Pearson correlation analysis was used to conduct a correlation analysis on glycemic management, behavioral decision-making, e-health literacy, and understanding of social support of pregnant women with GDM.

5. Model 4 of the Process 4.1 plug-in in SPSS developed by Hayes was used to perform mediation effect testing and analysis, and the test level was α = 0.05.



2.5 Quality control

This study used the following measures to improve the quality of questionnaire completion: (1) Selecting the more authoritative and universal scale star online survey platform to ensure the stability of platform access; (2) The scale was presented in a scrolling manner, which is more in line with the reading habits of mobile phone users; (3) The same IP and same mobile phone could only be used to fill in the answer once, and a WeChat login was required to fill in the questionnaire to avoid repeated answers; (4) Prompts involving small gifts at the beginning and end of completing the questionnaire were used to encourage respondents to complete the questionnaire and improve the response rate of the questionnaire; (5) After questionnaire collection was completed, the researcher used the background monitoring system to delete answer sheets that had serious problems such as answering four questions in significantly less than the average response time, options being identical, to ensure data quality.



2.6 Ethical considerations

This research passed the hospital ethics review ([2022] Second Affiliated Hospital of Fujian Medical University Ethics Review No. (499)).




3 Results


3.1 General information on participants

As shown in Table 1, this study included 217 participants (excluding two questionnaires with illogical content, identical responses, or too short response times), of which 23.5% were rural residents. Regarding education level, participants with a bachelor’s degree or higher accounted for the highest proportion (41.5%). Employed and unemployed participants accounted for 61.3 and 38.7% of the participants, respectively. Most participants had a basic medical insurance system (80.2%).



TABLE 1 Descriptive analysis of participants’ characteristics (N = 217).
[image: Table1]



3.2 Current situation of glycemic management behavior decision-making, e-health literacy, and perceived social support in pregnant women with GDM

Table 2 shows the scores for glycemic management behavior, decision-making, e-health literacy, and perceived social support in pregnant women with GDM. The overall mean scores of behavior decision, e-health literacy, and perceived social support are 4.24 ± 0.04, 4.05 ± 0.06, and 5.81 ± 0.07, respectively.



TABLE 2 Scores of glycemic management behavior decision-making, e-health literacy, and perceived social support in GDM pregnant women.
[image: Table2]



3.3 Correlations among glycemic management behavior decision-making, e-health literacy, and perceived social support in pregnant women with GDM

Pearson analysis showed that the decision-making level of GDM pregnant women’s blood sugar management behavior was positively correlated with e-health literacy (r = 0.741, p < 0.01) and is positively correlated with perceived social support (r = 0.755, p < 0.01); e-health literacy and perceived social support were positively correlated (r = 0.694, p < 0.01; Table 3).



TABLE 3 Correlation analysis of glycemic management behavior decision, e-health literacy, and perceived social support in pregnant women with GDM.
[image: Table3]



3.4 The mediating effect of e-health literacy between glycemic management behavior decision-making and perceived social support in pregnant women with GDM

Controlling for usual residence, education, occupation, per capita monthly household income, and type of health insurance, with glycemic management behavioral decision-making as the mean score as the dependent variable (Y), the mean score of social support for comprehension as the independent variable (X), and the mean score of e-health literacy as the mediator variable (M), Model 4 was selected; 5,000 bootstrap samples were selected, and the parameters were set up to obtain three regression path models (Figure 1). The results showed a partial mediating effect of e-health literacy between social support and glycemic management behavioral decision-making, with a mediating effect (a*b) of 0.124, a direct effect (c’) of 0.247, a total effect (mediating effect + direct effect) of 0.371, and a mediating effect to total effect ratio of 0.334. The results indicated that 33% of the effect of social support on glycemic management behavioral decision-making works through the mediating effect of e-health literacy. Further details are provided in Tables 4, 5.

[image: Figure 1]

FIGURE 1
 Mediation effect diagram.




TABLE 4 Mediation model tests for e-health literacy.
[image: Table4]



TABLE 5 Model effect values.
[image: Table5]




4 Discussion

This study explored the intrinsic impact mechanism of pregnant women’s perceptions of social support on their glycemic management decisions. The results showed that women’s perceptions of social support had a positive and significant impact on their glycemic management behavioral decisions, and e-health literacy indirectly increased this effect as a mediating variable. Social support has an important impact on behavioral decisions about glycemic management. In the future, the e-health literacy of pregnant women with GDM can be improved to facilitate their behavioral decision-making in glycemic management.


4.1 Analysis of the current situation of GDM women’s glycemic management decision making, e-health literacy, and social support

First, this study found that the average score of the decision-making items on blood sugar management behavior of pregnant women with GDM was 4.24 ± 0.04, which is higher than the theoretical median value. This is consistent with the results reported by Huang et al. (22). Most pregnant women with GDM make good decisions regarding their blood sugar management behaviors. However, Huang et al.’s study showed that as gestational age increases, the level of pregnant women’s blood sugar management behavioral decision-making decreases. However, this was not observed in the present study. This may be because the gestational age was divided differently. In the present study, the nodes at 14 and 28 weeks differed from those at 28 and 36 weeks. In this study, the behavioral decision-making motivation item had the highest average score, which may be related to the fact that this study included more pregnant women in the early stages of GDM. A meta-synthesis (40) of the experiences of pregnant women with gestational diabetes showed that pregnant women were emotionally affected by the diagnosis of GDM and developed strong coping motivation after adjustment. This study also found that pregnant women with GDM who have an urban household registration, have a high level of education, are employed, have a per capita monthly household income of more than 5,000 yuan, and have medical insurance have higher levels of decision-making regarding blood sugar management behavior (p < 0.05). This may be because pregnant women have relatively good economic status. This study showed that the factors influencing behavioral decision-making were associated with the lowest scores, indicating that pregnant women with GDM consider themselves to be the subjects and main practitioners of blood sugar management, which may be related to the conflict between traditional family concepts and the dietary control needs of GDM during pregnancy.

Then, the results of this study showed that the e-health literacy items of pregnant women with GDM have an average score of 4.05 ± 0.06, which is 3 points higher than the median value and belongs to the upper-middle level. This shows that the pregnant women with GDM in this study believe that they have the ability to use the Internet to obtain health resources. This is inconsistent with the results of previous research (41), and may be related to the higher educational level of the surveyed population in this study. In this study, pregnant women with GDM scored lower on decision-making and judgment abilities. This shows that pregnant women with GDM do not have high judgment or trust when using the Internet to obtain health information. Therefore, obtaining a large amount of health information does not necessarily mean that they can understand and differentiate between it. Previous studies (42, 43) have shown that when e-health literacy capabilities cannot meet a high level of health information needs, it will lead to negative psychological emotions and the application of incorrect health information, affecting individual health outcomes. Therefore, in the future, it may be possible to create an overall coordinated online education platform to allow women with GDM and health professionals to coordinate with each other and combine social support to address the information needs of pregnant women.

Next, the results indicated that the perceived social support scores of women with GDM were at an upper-middle level (5.81 ± 0.07), and the internal support score of the family (5.83 ± 0.08) was higher than the external support score (5.77 ± 0.07), indicating that pregnant women with GDM can obtain certain kinds of social support. Their perceptions arose from increased support within the family. Many previous studies (44–46) have also shown that social support is an important factor influencing health behaviors, from GDM maternal screening to postpartum follow-up. However, the breadth and complexity of social support determine the difficulty and long-term implementation of related intervention programs. Some studies (47, 48) have indicated that social support is a double-edged sword and does not always promote glycemic management in pregnant women with GDM. Therefore, future research should focus on the subjectivity of blood sugar management in pregnant women with GDM, while simultaneously focusing on the positive role of intra-family support. The development of information technologies such as social media may provide new avenues for this. A systematic review (49) also showed that online support interventions have the potential to improve outcomes in pregnant women with GDM.



4.2 Correlation analysis of glycemic management behavior decision-making, e-health literacy, and perceived social support in pregnant women with GDM

This study showed that e-health literacy in pregnant women with GDM could directly positively predict glycemic management behavior decision-making in the period (β = 0.741, p < 0.001), that is, the higher the e-health literacy of pregnant women with GDM, the higher the level of glycemic management behavior decision-making. This may be because most pregnant women with GDM lack knowledge related to glycemic management, and the development of telemedicine information technology can provide information resource support for pregnant women, improve their decision-making readiness for glycemic management, and promote healthy glycemic management behaviors. A scoping review (50) also indicated that mobile health and telemedicine can be effective platforms for improving glycemic management in women with GDM; however, scientific information support is the basis for effective glycemic management. Liu et al. (51) showed that although there is no direct relationship between e-health activities and health behaviors–that is, e-health activities do not necessarily translate into healthy life behaviors–and the influencing factors are complex, the influence of e-health information on individual health attitudes and decisions is beyond doubt. Therefore, in the future, improving the reading ability of pregnant women with GDM can be considered to help them directly access electronic health resources, as well as improve their ability to use information technology, and their decision-making ability to obtain information to make correct choices, to help them better implement glycemic management. In addition, studies (52) have shown that e-health literacy can support medical care by providing greater efficiency, improving health outcomes, and reducing the cost of medical services and has the potential to support challenging long-term health behaviors and provide effective support for pregnant women with GDM with low education, living in remote areas, and low economic income. At the same time, it also provides a new solution for changing the persistence of glycemic management behavior of pregnant women with GDM.

This study showed that the perceived social support of pregnant women with GDM was positively correlated with glycemic management behavior decision-making (β = 0.755, p < 0.001), that is, a high level of perceived social support can improve the negative psychological state of pregnant women with GDM when facing the disease diagnosis, and provide material support to help them avoid negative decision-making and improve their compliance with glycemic management behavior. Wah et al. (48) found that pregnant women with GDM who received adequate social support were better able to make scientific glycemic management decisions, among which family support was one of the most easily available. According to the social ecological model (53), in addition to the internal factors of individuals, multilevel external sociological factors should be considered that affect disease self-management behavior, including self-regulation, family, professional medical staff, community, work, policy, and other factors, among which family support is an important factor. Therefore, future intervention studies should consider the factors influencing glycemic management behavior decision-making in pregnant women with GDM in many respects, taking family support as the entry point, such as letting patients and family members participate in glycemic management decision-making, focusing on understanding the unique information needs of family members, helping pregnant women break through the decision-making dilemma, and establishing a stable glycemic management support system.



4.3 Analysis of the mediating effect of e-health literacy between glycemic management behavior decision-making and perceived social support in pregnant women with GDM

This study found that the total effect of perceived social support in predicting glycemic management behavior decision making was significant. When e-health literacy was introduced, perceived social support could still positively predict glycemic management behavior decision-making (β = 0.280, p < 0.001), indicating that perceived social support could not only directly affect the glycemic management behavior decision-making of pregnant women with GDM, it could also have an indirect effect through e-health literacy, which accounted for 38% of the total effect, indicating that e-health literacy is an important way for pregnant women with GDM to improve glycemic management behavior decision-making through perceived social support. Studies have shown (54, 55) that the effectiveness of early self-management education for women with GDM can only be maintained for 3 months without effective support strategies. Effective social support systems combined with telemedicine platforms, such as Internet platforms and telephone follow-ups, can promote the maintenance of glycemic management behavior in women with GDM. On the one hand, parents and peers in the social network can provide explicit or implicit emotional support for pregnant women with GDM, which can help alleviate their physical and psychological problems. At the same time, the support information provided by members of the same disease patient and other members also strengthens individual disease awareness and ultimately promotes scientific behavioral decision-making. On the other hand, social support may indirectly affect the glycemic management decision-making behaviors of pregnant women with GDM through the intermediate variable of e-health literacy. The comprehensive use model of e-health (31) points out that individuals with good social support tend to use the Internet and electronic products to learn about health problems but can also make health choices that are beneficial to their own health by comparing and evaluating the online health information obtained. Hence, social support is helpful to improve e-health literacy, and improvement of e-health literacy can promote scientific decision-making regarding glycemic management of pregnant women with GDM. Another review (56) suggested that computers and web-based health information technologies can address day-to-day tasks and monitoring required for disease self-management without the limitations of time and geography, which frees social support providers (such as health professionals) to provide highly personalized support for more complex problems.



4.4 Limitations

Our study has some limitations. (1) This was a cross-sectional study and could not confirm the causal relationship between perceived social support, e-health literacy, and glycemic management behavior decisions. Longitudinal studies or intervention studies can be used to verify the results of this study in the future. (2) The e-health literacy scale is universal and does not consider the specificity of GDM in pregnant women, which may have affected the results. (3) The sample size of this study was relatively limited, and future studies should expand the sample size to further verify these results.




5 Conclusion

In conclusion, the results of this study suggest that social support may indirectly affect glucose management behavioral decisions in pregnant women with GDM by affecting their e-health literacy. Considering that social support is difficult to change in a short period, this study suggests that professional medical staff should pay attention to the improvement of e-health literacy of pregnant women with GDM and improve women’s e-health literacy by opening relevant courses and popularizing official scientific health information websites to improve scientific decision-making regarding glycemic management behavior.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by Second Affiliated Hospital of Fujian Medical University Ethics Review. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants' legal guardians/next of kin because this study was an online survey, and verbal consent was obtained from the respondents prior to the survey. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

PY: Writing – original draft. KH: Writing – review & editing. SL: Writing – review & editing. ZX: Writing – review & editing, Methodology. ZM: Writing – review & editing, Investigation, Resources. XY: Supervision, Writing – review & editing. ZH: Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This work was supported by Startup Fund for scientific research, Fujian Medical University (Grant number: 2022QH1119) and Fujian Provincial Key Clinical Specialties Construction Project in 2022 (The Second Affiliated Hospital of Fujian Medical University Key Discipline Special Project, Grant number: HLZDZK202301).



Acknowledgments

We sincerely thank all the participants for their participation, cooperation, and support.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. American College of Obstetricians and Gynecologists. Practice bulletin No. 180 summary: gestational diabetes mellitus. Obstet Gynecol. (2017) 130:244–6. doi: 10.1097/AOG.0000000000002152 

 2. Sun, H, Saeedi, P, Karuranga, S, Pinkepank, M, Ogurtsova, K, Duncan, BB , et al. IDF diabetes atlas: global, regional and country-level diabetes prevalence estimates for 2021 and projections for 2045. Diabetes Res Clin Pract. (2022) 183:109119. doi: 10.1016/j.diabres.2021.109119 

 3. Gao, C, Sun, X, Lu, L, Liu, F, and Yuan, J. Prevalence of gestational diabetes mellitus in mainland China: a systematic review and meta-analysis. J Diabetes Investig. (2019) 10:154–62. doi: 10.1111/jdi.12854 

 4. Staynova, R, Vasileva, E, and Yanachkova, V. Gestational diabetes mellitus: a growing economic concern. Folia Med. (2022) 64:725–32. doi: 10.3897/folmed.64.e65693 

 5. Murray, SR, and Reynolds, RM. Short- and long-term outcomes of gestational diabetes and its treatment on fetal development. Prenat Diagn. (2020) 40:1085–91. doi: 10.1002/pd.5768 

 6. Juan, J, and Yang, H. Prevalence, prevention, and lifestyle intervention of gestational diabetes mellitus in China. Int J Environ Res Public Health. (2020) 17:17. doi: 10.3390/ijerph17249517 

 7. Lowe, WL, Scholtens, DM, Lowe, LP, Kuang, A, Nodzenski, M, Talbot, O , et al. Association of gestational diabetes with maternal disorders of glucose metabolism and childhood adiposity. JAMA. (2018) 320:1005–16. doi: 10.1001/jama.2018.11628 

 8. Brown, SD, Grijalva, CS, and Ferrara, A. Leveraging EHRs for patient engagement: perspectives on tailored program outreach. Am J Manag Care. (2017) 23:e223–30.

 9. Daly, B, Toulis, KA, Thomas, N, Gokhale, K, Martin, J, Webber, J , et al. Correction: increased risk of ischemic heart disease, hypertension, and type 2 diabetes in women with previous gestational diabetes mellitus, a target group in general practice for preventive interventions: a population-based cohort study. PLoS Med. (2019) 16:e1002881. doi: 10.1371/journal.pmed.1002881 

 10. Zhang, CH, and Zhang, PL. Adverse perinatal outcomes complicated with gestational diabetes mellitus in preterm mothers and preterm infants. Exp Ther Med. (2023) 26:425. doi: 10.3892/etm.2023.12124 

 11. Chehab, RF, Ferrara, A, Greenberg, MB, Ngo, AL, Feng, J, and Zhu, Y. Glycemic control trajectories and risk of perinatal complications among individuals with gestational diabetes. JAMA Netw Open. (2022) 5:e2233955. doi: 10.1001/jamanetworkopen.2022.33955 

 12. Kinnunen, J, Nikkinen, H, Keikkala, E, Mustaniemi, S, Gissler, M, Laivuori, H , et al. Gestational diabetes is associated with the risk of offspring’s congenital anomalies: a register-based cohort study. BMC Pregnancy Childbirth. (2023) 23:708. doi: 10.1186/s12884-023-05996-6 

 13. Fraser, EE, Ogden, KJ, Radford, A, Ingram, ER, Campbell, JE, Dennis, A , et al. Exploring the psychological wellbeing of women with gestational diabetes mellitus (GDM): increased risk of anxiety in women requiring insulin. A prospective longitudinal observational pilot study. Health Psychol Behav Med. (2023) 11:2170378. doi: 10.1080/21642850.2023.2170378 

 14. Riggin, L
. Association between gestational diabetes and mental illness. Can J Diabetes. (2020) 44:566–571.e3. doi: 10.1016/j.jcjd.2020.06.014


 15. Rowland, J, and Wilson, CA. The association between gestational diabetes and ASD and ADHD: a systematic review and meta-analysis. Sci Rep. (2021) 11:5136. doi: 10.1038/s41598-021-84573-3 

 16. Huang, N, Zhou, YF, Zhang, MX, Wang, KR, and Li, L. Update of clinical nursing practice guideline for gestational diabetes mellitus. Chin J Nurs. (2023) 11:1308–15. doi: 10.16821/j.cnki.hsjx.2021.21.004


 17. Martis, R, Crowther, CA, Shepherd, E, Alsweiler, J, Downie, MR, and Brown, J. Treatments for women with gestational diabetes mellitus: an overview of Cochrane systematic reviews. Cochrane Database Syst Rev. (2018) 2018:CD012327. doi: 10.1002/14651858.CD012327.pub2 

 18. Liu, JX, Qiao, YJ, Li, DD, Liu, BB, Zhang, SF, and Yang, LJ. Systematic review of qualitative studies on the characteristics and causes of dietary behavior changes in pregnant women with gestational diabetes mellitus. J Adv Nurs Educ. (2021) 36:1892–7. doi: 10.16821/j.cnki.hsjx.2021.20.015


 19. Cheng, XY, Qian, LH, Li, WJ, and Xu, CJ. To investigate and study the status of self-management behavior in patients with gestational diabetes mellitus. Chin J Clin Obstet Gynecol. (2017) 18:2.


 20. Makgoba, M, Savvidou, MD, and Steer, PJ. An analysis of the interrelationship between maternal age, body mass index and racial origin in the development of gestational diabetes mellitus. BJOG. (2012) 119:276–82. doi: 10.1111/j.1471-0528.2011.03156.x 

 21. Sousa, AM, Fiuza, D, Mikami, FC, Abrão, KC, Francisco, RP, and Zugaib, M. Evaluation of information retention and adherence to treatment in patients with gestational diabetes mellitus after multidisciplinary group. Rev Assoc Med Bras (2016) 62: 212–217. doi:10.1590/1806-9282.62.03.212.


 22. Huang, N, Zhou, YF, Li, L, Liu, QY, Zhu, JL, Wang, L , et al. Study on blood glucose management decision-making behavior and its influencing factors in pregnant women with gestational diabetes mellitus. Chin J Nurs. (2021) 56:1312–7.


 23. Ge, L, Wikby, K, and Rask, M. Lived experience of women with gestational diabetes mellitus living in China: a qualitative interview study. BMJ Open. (2017) 7:e017648. doi: 10.1136/bmjopen-2017-017648 

 24. Liu, YY, Li, HY, Zhang, YX, Fu, W, and Ren, YZ. Application of SFEE diet management intervention in patients with gestational diabetes mellitus. Nurs Res. (2023) 37:2233–8.


 25. Kelly, MP, and Barker, M. Why is changing health-related behaviour so difficult? Public Health. (2016) 136:109–16. doi: 10.1016/j.puhe.2016.03.030 

 26. Zhang, X, Yin, W, Liu, QY, Jin, HY, and Zu, HJ. A longitudinal qualitative study on decision-making experience of blood glucose management in patients with gestational diabetes mellitus. Chin J Nurs. (2023) 30:22–6. doi: 10.16460/j.issn1008-9969.2023.12.022


 27. Wallwiener, S, Müller, M, Doster, A, Laserer, W, Reck, C, Pauluschke-Fröhlich, J , et al. Pregnancy ehealth and mhealth: user proportions and characteristics of pregnant women using web-based information sources-a cross-sectional study. Arch Gynecol Obstet. (2016) 294:937–44. doi: 10.1007/s00404-016-4093-y 

 28. Conard, S
. Best practices in digital health literacy. Int J Cardiol. (2019) 292:277–9. doi: 10.1016/j.ijcard.2019.05.070


 29. Arias López, MDP, Ong, BA, Borrat Frigola, X, Fernández, AL, Hicklent, RS, Obeles, AJT , et al. Digital literacy as a new determinant of health: a scoping review. PLOS Digit Health. (2023) 2:e0000279. doi: 10.1371/journal.pdig.0000279


 30. Koch-Weser, S, Bradshaw, YS, Gualtieri, L, and Gallagher, SS. The internet as a health information source: findings from the 2007 health information National Trends Survey and implications for health communication. J Health Commun. (2010) 15:279–93. doi: 10.1080/10810730.2010.522700 

 31. Bodie, GD, and Dutta, MJ. Understanding health literacy for strategic health marketing: ehealth literacy, health disparities, and the digital divide. Health Mark Q. (2008) 25:175–203. doi: 10.1080/07359680802126301 

 32. Johnson, JD, and Meischke, H. A comprehensive model of cancer-related information seeking applied to magazines. Hum Commun Res. (1993) 19:343–67. doi: 10.1111/j.1468-2958.1993.tb00305.x


 33. Carolan-Olah, M, Vasilevski, V, Nagle, C, and Stepto, N. Overview of a new ehealth intervention to promote healthy eating and exercise in pregnancy: initial user responses and acceptability. Internet Interv. (2021) 25:100393. doi: 10.1016/j.invent.2021.100393 

 34. Mottola, MF, Davenport, MH, Ruchat, SM, Davies, GA, Poitras, VJ, Gray, CE , et al. 2019 Canadian guideline for physical activity throughout pregnancy. Br J Sports Med. (2018) 52:1339–46. doi: 10.1136/bjsports-2018-100056


 35. Zheng, L, and Yu, L. Nursing research methods. 2nd ed. Beijing: People’s Medical Publishing House (2018). 465 p.


 36. Norman, CD, and Skinner, HA. eHEALS: the ehealth literacy scale. J Med Internet Res. (2006) 8:e27. doi: 10.2196/jmir.8.4.e27 

 37. Guo, SJ, Yu, XM, Sun, YY, Nie, D, Li, XM, and Wang, L. The Chinese version of eHEALS health literacy scale and its applicability. Health Education in China. (2013) 29:10.


 38. Jiang, GJ
. Perceived social support scale. Chin J Behav Med. (2001) 10:41–3.


 39. Zimet, GD, Dahlem, NW, Zimet, SG, and Farley, GK. The multidimensional scale of perceived social support. J Pers Assess. (1988) 52:30–41. doi: 10.1207/s15327752jpa5201_2


 40. Deng, YF, Lu, LJ, Liu, ML, Liang, QX, Hu, SP, and Lin, Y. Meta synthesis of the experience of pregnant women with gestational diabetes mellitus. Nurs Manag China. (2021) 21:1218–25.


 41. Wang, CL
. Correlation between Ehealth literacy and self-management behavior in patients with gestational diabetes mellitus [master]. China Medical University (2023).


 42. Chan, J
. Exploring digital health care: ehealth, mhealth, and librarian opportunities. J Med Libr Assoc. (2021) 109:376–81. doi: 10.5195/jmla.2021.1180 

 43. Serçekuş, P, Gencer, H, and Özkan, S. Finding useful cancer information may reduce cancer information overload for internet users. Health Inf Libr J. (2020) 37:319–28. doi: 10.1111/hir.12325 

 44. Nielsen, KK, Kapur, A, Damm, P, de Courten, M, and Bygbjerg, IC. From screening to postpartum follow-up - the determinants and barriers for gestational diabetes mellitus (GDM) services, a systematic review. BMC Pregnancy Childbirth. (2014) 14:41. doi: 10.1186/1471-2393-14-41 

 45. Gilbert, L, Gross, J, Lanzi, S, Quansah, DY, Puder, J, and Horsch, A. How diet, physical activity and psychosocial well-being interact in women with gestational diabetes mellitus: an integrative review. BMC Pregnancy Childbirth. (2019) 19:60. doi: 10.1186/s12884-019-2185-y 

 46. Nerenberg, K, Daskalopoulou, SS, and Dasgupta, K. Gestational diabetes and hypertensive disorders of pregnancy as vascular risk signals: an overview and grading of the evidence. Can J Cardiol. (2014) 30:765–73. doi: 10.1016/j.cjca.2013.12.030 

 47. Javadifar, N, Siahkal, SF, Najafian, M, Iravani, M, Zakerkish, M, and Heshmati, R. Prioritizing the psychosocial support needs of mothers with gestational diabetes: a Delphi study. Iran J Nurs Midwifery Res. (2023) 28:520–7. doi: 10.4103/ijnmr.ijnmr_90_22 

 48. Wah, YYE, McGill, M, Wong, J, Ross, GP, Harding, AJ, and Krass, I. Self-management of gestational diabetes among Chinese migrants: a qualitative study. Women Birth. (2019) 32:e17–23. doi: 10.1016/j.wombi.2018.03.001 

 49. Cheng, Z, Hao, H, Tsofliou, F, Katz, MD, and Zhang, Y. Effects of online support and social media communities on gestational diabetes: a systematic review. Int J Med Inform. (2023) 180:105263. doi: 10.1016/j.ijmedinf.2023.105263


 50. Birati, Y, Yefet, E, Perlitz, Y, Shehadeh, N, and Spitzer, S. Cultural and digital health literacy appropriateness of app- and web-based systems designed for pregnant women with gestational diabetes mellitus: scoping review. J Med Internet Res. (2022) 24:e37844. doi: 10.2196/37844 

 51. Liu, PL, Zheng, Y, and Zhao, X. Ehealth and lifestyle change: the mediating roles of social support and patient empowerment. Digit Health. (2023) 9:20552076231191974. doi: 10.1177/20552076231191974 

 52. Asbjørnsen, RA, Smedsrød, ML, Solberg Nes, L, Wentzel, J, Varsi, C, Hjelmesæth, J , et al. Persuasive system design principles and behavior change techniques to stimulate motivation and adherence in electronic health interventions to support weight loss maintenance: scoping review. J Med Internet Res. (2019) 21:e14265. doi: 10.2196/14265 

 53. Glasgow, RE, Strycker, LA, Toobert, DJ, and Eakin, E. A social-ecologic approach to assessing support for disease self-management: the chronic illness resources survey. J Behav Med. (2000) 23:559–83. doi: 10.1023/a:1005507603901 

 54. Siminerio, L, Ruppert, KM, and Gabbay, RA. Who can provide diabetes self-management support in primary care? Findings from a randomized controlled trial. Diabetes Educ. (2013) 39:705–13. doi: 10.1177/0145721713492570


 55. Zha, HX, Jiang, Y, Jiang, L, Yan, HY, Liu, KY, Yu, MC , et al. Best evidence summary for blood glucose self-management education and support in patients with gestational diabetes mellitus. Chin J Nurs. (2023) 58:1308–15.


 56. Fisher, EB, Ballesteros, J, Bhushan, N, Coufal, MM, Kowitt, SD, McDonough, AM , et al. Key features of peer support in chronic disease prevention and management. Health Aff (Proj Hope). (2015) 34:1523–30. doi: 10.1377/hlthaff.2015.0365 


Copyright
 © 2024 Yumei, Huiying, Liqin, Xiaoshan, Meijing, Yaping and Huifen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-12-1416620-t004.jpg
Regression equation (N =217) Index of fit Significance of coefficient

Dependent Independent R B t P
variable variable

E-health literacy 0533 0729 39902 <0.001
Residence 0015 0.295 0768
Education 0219 3509 <0.001
Occupation 0.000 0.007 0.994
Per capita monthly household income 0,007 0152 0.879
Types of medical insurance ~0015 ~0286 0776
Social support 0635 12.694 <0.001
Behavioral Decision Making for glycemic Management 0613 0.783 55314 <0.001
Residence ~0.021 0467 0,641
Education 0.166 2924 <001
Occupation ~0.066 ~1189 0.236
Per capita monthly household income 0.009 0.186 0.852
Types of medical insurance ~0.008 ~0.167 0.868
social support 0702 15.396 <0.001
Behavioral Decision Making for glycemic Management 0676 0822 62293 <0.001
Residence ~0.027 ~0.639 0523
Education 0086 1595 0112
Occupation ~0.066 ~1301 0.195
Per capita monthly household income 0.006 0.136 0.892
Types of medical insurance ~0.003 ~0056 0956

social support 0.467 8418 <0.001

E-health literacy 0.369 6.402 <0.001





OPS/images/fpubh-12-1416620-t005.jpg
BootSE 95%Cl Percentage

of effect
LLCI  ULCL

Indirect

0124 003 0.08 018 033
effect
Direct

0247 003 019 030 0.67
effect
Total

0371 0.02 033 0.41

effect





OPS/images/fpubh-12-1416620-t002.jpg
Variables Item mean score

(M +SD)

Glycemic management

behavior decision-making

34 4244004
in pregnant women with
GDM
Motivation for behavioral

12 4426004
decision
Influencing factors of

9 3994005
behavioral decision
Behavioral decision

8 429£004
intention
Behavioral decision

5 4202044
effectiveness
(e-health) literacy 8 4.05£0.06
Application abiliy test 5 407059
Judging ability test 2 404059
Decision Ability Test 1 402006
Perceived social support 2 5.81£0.07
Intra-family support 4 583008

Extra-family support s 5772007





OPS/images/fpubh-12-1416620-t003.jpg
\ELELIES

Glycemic
‘management
behavioral
decision making
E-health literacy
Social support

*p<0.01.

Glycemic E-health
management literacy
behavioral

making

07417 1

0.755%* 0.694%

Social
support






OPS/xhtml/Nav.xhtml




Contents





		Cover



		The mediating effect of e-health literacy on social support and behavioral decision-making on glycemic management in pregnant women with gestational diabetes: a cross-sectional study



		1 Introduction



		2 Materials and methods



		2.1 Participants



		2.2 Measures



		2.2.1 Evaluation of related variables



		2.2.2 Evaluation of the dependent variables



		2.2.3 Evaluation of the independent variables









		2.3 Data collection



		2.4 Statistical procedure



		2.5 Quality control



		2.6 Ethical considerations









		3 Results



		3.1 General information on participants



		3.2 Current situation of glycemic management behavior decision-making, e-health literacy, and perceived social support in pregnant women with GDM



		3.3 Correlations among glycemic management behavior decision-making, e-health literacy, and perceived social support in pregnant women with GDM



		3.4 The mediating effect of e-health literacy between glycemic management behavior decision-making and perceived social support in pregnant women with GDM









		4 Discussion



		4.1 Analysis of the current situation of GDM women’s glycemic management decision making, e-health literacy, and social support



		4.2 Correlation analysis of glycemic management behavior decision-making, e-health literacy, and perceived social support in pregnant women with GDM



		4.3 Analysis of the mediating effect of e-health literacy between glycemic management behavior decision-making and perceived social support in pregnant women with GDM



		4.4 Limitations









		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fpubh-12-1416620-g001.jpg
20501

Ehealth
literacy

Social
support

b=0247

20247

Behavioral
decision






OPS/images/fpubh-12-1416620-t001.jpg
Variables Variables Number of people Mean score of

categories (percentage, %) glycemic
management
behavior decision
(M +SD)
<28weeks 52(24) 4142058
Gestational weeks 28-36 weeks 132 (60.8) 426059 1606 0.203
>36weeks 33(15.2) 436047
18-25 6(28) 4592052
26-30 64(295) 429058
Age(years) 1846 0.140
31-35 97 (44.7) 426055
236 50(23.0) 4122060
Rural 51(23.5) 4082059
Residence 0342 <005
Urban 166 (76.5) 429056
Primary school and below 9(1) 3574043
Junior school 32(147) 3990.66

High school/technical
Education 32(14.7) 4.09£0.63 9.094 <0.01
secondary school

Junior college 54(24.9) 426050
College above 90 (41.5) 4442049
Yes 44(203) 433044
Family history of diabetes 5904 0.187
No 173.(79.7) 4224061
History of gestational Yes 61(28.1) 4242050
5025 0930
diabetes mellitus. No 156 (71.9) 4242061
Current methods of non-drug therapy 208 (95.9) 4242058
0350 0567
glycemic control drug therapy 9(4.1) 4354054
Employed 133(61.3) 4382052
Occupation 0132 <001
Unemployed 84(387) 4024059
Percapita monthly <3.000 9(613) 35940.94
household income (RMB,  3,000-5,000 87 (40.1) 4192056 8138 <001
yuan) 25,000 121 (558) 433052
Conception naturally 174/(80.2) 4212058
Mode of pregnancy 0149 0141
Human assistance 43(198) 4342055
History of hypoglycemic | Yes 12(55) 443054
e 0037 0242
medications No 205 (94.5) 423058
Basic medical insurance for
174(80.2) 430£052
urban residents
Medical insurance New rural basic medical 4279 <005
31(143) 4012069

insurance for rural residents

None 12(55) 4.03£0.80





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

The mediating effect of e-health
literacy on social support and
behavioral decision-making on
glycemic management in
preghant women with gestational
diabetes: a cross-sectional study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






