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Background

Gestational Diabetes Mellitus (GDM) affects 14.0% of pregnancies globally, with a 35% post-pregnancy relapse and a 60% risk of Type 2 Diabetes (T2D) within 5-10 years. Challenges in long-term management, especially postpartum, include adherence and follow-up difficulties.





Methods

This study, based on a systematic review and meta-analysis, examined the practical effects of exercise therapy in the prevention, treatment, and prevention of progression from Gestational Diabetes Mellitus (GDM) to Type 2 Diabetes (T2D). Relevant research and clinical practices were retrieved from six major databases (PubMed, Scopus, Web of Science, Cochrane Library, MEDLINE, Science Direct). After analyzing the intervention effects of exercise therapy at different stages, factors favorably influencing the effectiveness of exercise intervention were identified during the more effective stages. Finally, a long-term and efficient exercise implementation plan for the comprehensive management of GDM was proposed.





Results

In GDM prevention, exercise reduced the post-intervention risk by 37% compared to the control group (Relative Risk (RR)=0.63; 95% Confidence Interval (CI): 0.54 to 0.72; p=0.01). Studies on GDM treatment showed improved glucose control in the exercise group post-intervention (Mean Difference (MD)=-0.10; 95% CI: -0.16 to -0.04; p=0.04/MD=-0.27; 95% CI: -0.36 to -0.19; p<0.0001). However, exercise therapy didn’t significantly affect the incidence of T2D post-GDM (RR=0.88; 95% CI: 0.69 to 1.11; p=0.39) due to challenges in quantified exercise prescriptions and the complexity of postpartum programs.





Conclusion

To enhance exercise therapy effectiveness in GDM management, the study recommends adopting an integrated model emphasizing personalized pregnancy plans, postpartum strategies, and long-term support. Leveraging frequent healthcare contact during pregnancy can establish and sustain exercise habits, fostering a lifelong pattern. While the study acknowledges limitations, this approach holds potential for improving glycemic metabolism and developing healthy exercise habits in subsequent generations. Future research should include longer follow-ups to validate the practical efficacy of this approach in preventing T2D after GDM.





Systematic review registration

https://www.crd.york.ac.uk/prospero, identifier CRD42023463617.
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1 Introduction

Gestational Diabetes Mellitus (GDM) is a metabolic disorder that commonly occurs during pregnancy and is typically screened between weeks 24~28 through a 75g Oral Glucose Tolerance Test (OGTT). Currently, the global incidence of GDM is approximately 14.0% (95% CI: 13.97-14.04%) (1).Without intervention, GDM patients have a recurrence rate of 35% in subsequent pregnancies (95% CI, 25.5-44.5%) (2), and 60% of GDM patients may develop Type 2 Diabetes (T2D) within 5-10 years postpartum (3). Women with a history of GDM have nearly a 10-fold increased risk of developing T2D compared to those with normal glucose pregnancies (4).

Diabetes prevention programs suggest that lifestyle interventions can reduce the risk of developing T2D by 34% within 10 years (5). Lifestyle interventions, as non-pharmacological approaches, typically include exercise and dietary interventions, with exercise intervention being the most challenging to maintain. In studies on exercise therapy for preventing GDM, pregnant women demonstrate high adherence, significantly reducing the incidence of GDM (6). However, in studies on exercise therapy for treating GDM, there is often a decrease in adherence among pregnant women. Specifically, in research on exercise therapy in the post-GDM prognosis stage, only one-third of individuals engage in physical activity (7). A systematic review suggests that while physical activity can reduce the risk of T2D, exercise intervention measures in the post-GDM stage largely fail to modify their physical activity behavior (8). This suggests that the practical effectiveness of exercise intervention in post-GDM management may be less than theoretical.

The aforementioned studies on exercise therapy management of GDM collectively contribute to the comprehensive management of GDM, encompassing prevention, treatment, patient prognosis, and long-term health. To enhance the intervention effectiveness of exercise therapy in the comprehensive management of GDM, it is essential to address the issue of inadequate adherence to exercise in the post-GDM prognosis stage.

Focusing on these issues, this study aims to explore the practical effects of exercise therapy in the prevention, treatment, and prevention of GDM progression to Type 2 Diabetes. We will integrate the latest research and clinical practices, conducting meta-analyses to understand the varying intervention effects of exercise therapy in different stages of GDM –prevention, treatment, and post-prognosis. Subsequently, starting from the stages where exercise intervention shows better results, we will analyze and summarize favorable factors influencing exercise intervention effectiveness. Finally, we will discuss how to leverage these factors to improve women’s adherence to exercise in the post-GDM prognosis stage, ensuring maximum health benefits. Our aim is to maximize the pivotal role of exercise therapy in managing GDM, enhancing women’s metabolic health, and mitigating the risk of future T2D and other chronic diseases. We envisage offering valuable insights for the fields of obstetrics and gynecology, as well as the healthcare system at large.




2 Method

Our study protocol was registered with the PROSPERO (Registration number: CRD42023463617) and was developed according to PRISMA and the Cochrane Collaboration Handbook (9, 10).



2.1 Search strategy

Search of the PubMed, Scopus, Web of Science, Cochrane Library, MEDLINE, Science Direct (Elsevier) from inception to November 2023 for randomized controlled trials (RCTs) aimed at assessing the effect of exercise interventions on GDM and Type 2 Diabetes After GDM. We conducted searches for all relevant subject terms and free-text keywords related to exercise, randomized controlled trials, GDM, and type 2 diabetes after GDM, and then formulated search strategies based on the retrieval requirements of different databases. See Supplementary File 1 for specific search strategies.




2.2 Inclusion and exclusion criteria



2.2.1 Inclusion criteria

Participants: Normal pregnant women (studies on GDM prevention), pregnant women with gestational diabetes mellitus (GDM) (studies on GDM treatment), or women with a history of GDM (studies on GDM prognosis). Intervention: Exercise intervention in the experimental group. Control: Peripartum women receiving routine care or other therapies not involving physical activity intervention served as the control group. Outcome Measures: The primary outcome measures include the incidence of GDM/T2D after GDM and the results of the 75-gram oral glucose tolerance test (75g-OGTT). Study Design: Randomized controlled trials (RCTs) as the analysis type in the literature.




2.2.2 Exclusion criteria

Participants: Pregnant women with a history of diabetes or a family history of diabetes, and those with contraindications to exercise. Intervention: Studies where the intervention does not include exercise. Control: Studies lacking information on the control group. Data: Studies with incomplete data or studies from which valid data cannot be extracted. Study Types: Conference reports, protocols, case reports, reviews, and editorial materials.





2.3 Quality assessment and data extraction

According to the preliminary risk assessment guidelines recommended by the Cochrane Collaboration, the following parameters were considered in the analysis: adequate random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting and other bias (Figure 1). In the following steps, we integrated the relevant data from all the studies, mainly categorized into three groups, namely, outcome indicators of exercise therapy in the prevention, treatment, and post-prognosis stages of GDM. These indicators include GDM incidence, 75g-OGTT results, and Type 2 Diabetes (T2D) incidence. Subsequently, we conducted independent meta-analyses for these three categories of data to determine whether there are differences in the intervention effects of exercise management for GDM across these three stages.




Figure 1 | Bias risk assessment of included studies.






2.4 Statistical analyses

Using RevMan 5.4 software, the mean and standard deviation of the 75g oral glucose tolerance test (75g-OGTT) in the experimental and control groups after exercise intervention, as well as the incidence data of gestational diabetes mellitus (GDM) and type 2 diabetes after GDM, were analyzed. The 75g-OGTT is a clinical laboratory examination used to assess an individual’s blood sugar metabolism. This test involves the oral consumption of a 75-gram glucose solution while the individual is in a fasting state. Subsequently, blood glucose levels are measured at different time intervals, typically including 0 hours (fasting), 1 hour, and 2 hours after glucose ingestion.

The above content falls into the category of continuous data, and we calculated the effect size (MD) and its 95% confidence interval for the experimental and control groups in each study. By summarizing the results from all randomized controlled trials (RCTs) included in the meta-analysis, we could determine whether there was an improvement in fasting blood glucose and blood glucose 2 hours after ingestion. This depended on whether there was a significant difference in the outcomes between the experimental and control groups. If MD was positive, it indicated that the mean of the experimental group was higher than that of the control group, and if MD was negative, it indicated that the control group’s mean was higher than that of the experimental group.

Regarding the incidence rates of GDM and type 2 diabetes after GDM, the data are dichotomous. We used Relative Risk (RR) to compare the differences in the incidence rates of gestational diabetes and type 2 diabetes after GDM between the exercise group and the control group. If RR equaled 1, then the incidence rates in both groups were equal; if RR was greater than 1, it indicated a higher incidence rate in the exercise group, and if RR was less than 1, it indicated a lower incidence rate in the exercise group. Whether it was continuous or dichotomous outcomes, if I2 was less than or equal to 50%, it indicated low heterogeneity. Conversely, if I2 was greater than 50%, it indicated high heterogeneity.





3 Results



3.1 Search results

The final inclusion comprises 37 studies (Figure 2), with a cumulative sample size of 10,699 participants, the publication years ranged from 1999 to 2022. Among them, there are 27 reports specifically focusing on the relationship between exercise and the prevention of Gestational Diabetes Mellitus (GDM) (11–37), 6 reports on exercise and GDM treatment (38–43), and 4 reports on exercise and the prevention of T2D following GDM (44–47). Of course, in the post-GDM prognosis stage, other chronic diseases may also emerge, but this study specifically selected the highest-risk T2D for investigation.




Figure 2 | PRISMA flow diagram of study selection.






3.2 Characteristics of the included studies

In the end, we included basic information from 37 studies, as detailed in Table 1. The table includes sample information for both the experimental and control groups, covering the country or region of the sample, sample size, lost samples, subjects’ age, body mass index (BMI), exercise intervention duration, exercise attendance rate, perceived exercise intensity, and outcome indicators. The exercise intervention plans and implementation details for the experimental group can be found in Table 1, which includes comprehensive exercise prescriptions for all studies. By summarizing and integrating the exercise interventions for GDM and subsequent T2D, along with their basic information, we arrived at the following conclusions. Firstly, compared to the post-GDM stage, exercise prescriptions for T2D prevention in the pre-GDM and treatment stages are more precise and detailed. Ninety percent of the studies provided detailed descriptions of the frequency, intensity, time, type, volume, and progression monitoring (FITT-VP) principles, offering a comprehensive implementation process for the exercise prescription (Supplementary File 2). Secondly, the exercise intervention period in the pre-GDM and treatment stages is relatively short, typically ranging from 6 to 30 weeks of intervention during pregnancy, whereas the exercise intervention time in the post-GDM stage is usually over one year (Table 1). Thirdly, the average exercise adherence is higher in the pre-GDM and treatment stages (≥80%), while in contrast, exercise adherence in the post-GDM stage is generally lower (<50%) (Table 1). These factors may contribute to significant differences in intervention effects across different stages of GDM management. We first integrated relevant data from all studies and then used the results of meta-analyses to determine whether there were significant differences in the intervention effects of exercise management for GDM across these three stages.


Table 1 | Information of included studies.






3.3 Quality assessment of included studies

According to the preliminary risk assessment for publication bias as recommended by the Cochrane Collaboration. The overall risk of bias in the 37 included studies were judged to have a low risk of bias (Figure 1). Among them, the highest risk is “blinding of participants and personnel” because it is challenging to adhere to this measure in exercise therapy (48).




3.4 Publication bias analysis

The symmetrical shape of the funnel plot displayed in Figure 3 suggested that the risk of publication bias was low. Due to the limited inclusion of studies in Figures 3B–D (n < 10), the results primarily rely on observations from Figure 3A.




Figure 3 | Funnel plot of publication bias of included studies. (A) displays a funnel plot of incidence data for exercise therapy in the prevention of GDM, while (B, C) respectively present funnel plots of fasting blood glucose and blood glucose two hours after a 75g -OGTT in the treatment of GDM. (D) shows a funnel plot of incidence data for exercise therapy in the prevention of progression from GDM to T2D.






3.5 Outcomes of meta-analysis



3.5.1 The overall effect of exercise prescription intervention for GDM prevention

As shown in Figure 4, in this meta-analysis focused on exercise prescription for the prevention of GDM, we included 27 randomized controlled trials (RCTs) (11–37) that compared the incidence of GDM between the control group and the exercise group. The results indicate that the exercise group had a lower GDM incidence compared to the control group (p<0.00001), with a relative risk (RR) of 0.63 and a 95% confidence interval (95%CI) ranging from 0.54 to 0.72, suggesting a significant reduction in GDM incidence in the exercise group. Furthermore, the heterogeneity statistic I2 was 41%, which is less than 50%, indicating relatively minor variability among the included studies.




Figure 4 | The forest plot illustrating the overall effect of exercise prescription intervention for GDM prevention.






3.5.2 The therapeutic effect of exercise prescription intervention on GDM

We incorporated data from 6 six RCTs (38–43). Figure 5 depict the influence of exercise therapy on fasting blood glucose and blood glucose levels two hours after a 75g-OGTT in the exercise group compared to the control group. Figure 5A illustrates the fasting blood glucose results for both groups after the intervention, with a mean difference (MD) of -0.10 and a 95% CI of (-0.16, -0.04), along with an I² statistic of 58%. Figure 5B depicts the results of blood glucose levels two hours after a 75g-OGTT for both groups post-intervention, with an MD of -0.27 and a 95% CI of (-0.36, -0.19), and an I² of 85%. In both cases, the 95% confidence intervals do not include zero, indicating that these differences in effect are statistically significant. The overall results from both forest plots are skewed in favor of the exercise group, suggesting that exercise therapy is more effective in controlling blood glucose levels compared to the control group. The I² values of 58% and 85% for the meta-analysis results of fasting blood glucose and blood glucose levels two hours after the test respectively indicate a moderate and high level of heterogeneity.




Figure 5 | This forest plot illustrates the beneficial effects of exercise prescription intervention on 75g-OGTT. (A) The forest plot illustrating the control effect of exercise prescription intervention on fasting blood glucose levels. (B) The forest plot illustrating the control effect of exercise prescription intervention on 2-h postprandial blood glucose levels.






3.5.3 The effectiveness of exercise in preventing the development of T2D after GDM diagnosis.

Lifestyle intervention, encompassing dietary control and physical exercise, stands as a primary method for treating T2D. For women with a history of GDM, there exists the potential for T2D development postpartum. However, the need for extended follow-up introduces the challenge of potential sample loss. We identified four RCTs (44–47) that provided data on T2D incidence rates in both lifestyle intervention and control groups. As indicated in Figure 6, the results reveal a Relative Risk (RR) of 0.88, a 95% CI spanning from 0.69 to 1.11, and an I² statistic of 0%. These findings suggest that in these studies, lifestyle intervention did not significantly affect the risk of women with a history of GDM developing T2D.




Figure 6 | The forest plot illustrating the effectiveness of lifestyle intervention in preventing type 2 diabetes after GDM.








4 Discussion

After a comprehensive study of the meta-analysis of exercise therapy in the prevention, treatment, and prognosis of GDM, this study concludes that exercise therapy shows significant intervention effects in preventing and treating GDM (Figures 4, 5), while its effectiveness in preventing T2D after GDM is not significant (Figure 6). We conducted in-depth analyses for these two distinct outcomes and proposed recommendations for exercise therapy in GDM management.

In GDM prevention and treatment studies, the “FITT-VP” framework was utilized for quantitative control (Supplementary File 2), ensuring the safety of exercise during pregnancy and experimental attendance rates. However, in studies focusing on preventing T2D after GDM, lifestyle interventions typically provided only verbal advice, lacking quantitative exercise prescriptions. According to Choi et al.’s research (2013) (49), quantitative exercise prescriptions can enhance patients’ adherence to exercise. Therefore, a focus on quantitative exercise regimens is crucial in lifestyle interventions during the post-GDM period.

As women transition into the postpartum period, home-based exercise becomes part of their daily routine, and face-to-face supervision frequency decreases as their contact with the healthcare system diminishes (Supplementary File 2). This makes the implementation of postpartum exercise regimens more complex. Even with established quantitative exercise plans, women with a history of GDM still demonstrate lower actual adherence to exercise in preventing T2D postpartum (Supplementary File 2). Additionally, challenges related to exercise adherence, long-term supervision, GDM post-treatment education, and follow-up contribute to the difficulty of sustaining postpartum exercise. Therefore, overcoming challenges related to exercise adherence, long-term supervision, GDM post-treatment education, and follow-up is crucial to enhancing the intervention effects of exercise therapy in preventing T2D after GDM.

Considering the challenges in implementing exercise therapy postpartum, studies indicate that pregnancy is a critical period for preventing type 2 diabetes since women have frequent contact with the healthcare system during this time, allowing for the shaping of postpartum lifestyle choices (50, 51). Thus, this study suggests integrating the prevention of T2D in post-GDM patients with the prevention and treatment of GDM during pregnancy through exercise therapy. The aim is to leverage the favorable conditions of frequent contact between pregnant women and the healthcare system to help women acquire exercise skills, establish awareness of independent exercise, and lay the foundation for autonomous exercise postpartum.

Specifically, as shown in Figure 7, the management model includes several key aspects:




Figure 7 | Comprehensive management model of exercise therapy for GDM.



	1 Pregnancy Exercise Intervention (GDM Prevention and Treatment Phases):



	Encourage healthcare professionals to develop personalized exercise prescriptions for each GDM patient, considering factors such as the patient’s health condition, exercise history, time constraints, and provide clear recommendations for exercise frequency, intensity, duration, and type.

	Provide face-to-face professional supervision, including obstetricians, fitness coaches, etc., to enhance pregnant women’s adherence to exercise. Professional supervision is crucial in helping pregnant women develop their awareness and methods of autonomous exercise and educating them about post-GDM sequelae.



	2 Postpartum Exercise Intervention (Post-GDM Prognosis Phase):



	Within the first 1-2 years postpartum (52, 53): The personalized exercise prescriptions from the pregnancy period remain applicable, and women continue to maintain good exercise habits based on the exercise methods during pregnancy.

	Beyond 2 years (54): Employ innovative, flexible exercise plans tailored to individual needs and interests, such as diverse parent-child exercise programs.

	Emphasize personalized, long-term support using self-management education techniques, such as cognitive-behavioral techniques and motivational conversations, to help patients establish and maintain healthy exercise habits.



	3 Lifelong Exercise and Implicit Autonomous Exercise Behavior:



	Continuously advocate and support women to maintain lifelong exercise, ensuring their active participation in physical activities through detailed exercise guidelines and ongoing training.

	Foster a positive family atmosphere, inspiring the next generation’s autonomous exercise behavior through leading by example. This creates a healthy habit of physical activity in the family, laying a solid foundation for the children’s health.



	4 Supervisory Support from the Healthcare System:



	In the prevention and treatment stages of GDM, provide face-to-face supervision by a professional team as much as possible.

	In the post-GDM phase, create a support network where patients and healthcare professionals can share experiences, solve problems, and motivate each other. This can be achieved through online social platforms, regular meetings, etc. Additionally, strengthen telephone follow-ups within the first 1-2 years postpartum and encourage women to monitor blood glucose levels.



Through this integrated exercise therapy management model, the goal is to instill good exercise habits during pregnancy, perpetuate and consolidate these habits postpartum, ultimately forming a healthy pattern of lifelong exercise. By collaborating with patients and the healthcare system, providing comprehensive support and training, more significant effects can be achieved. In long-term health management, exercise not only improves the health of mothers but also has a subtle influence on shaping the next generation’s good habits of autonomous exercise. Such a family exercise atmosphere contributes to promoting health throughout the entire life cycle, conveying the importance of physical activity within the family and establishing a solid foundation for the health of the children.



4.1 Limitations

There are limited studies meeting the inclusion criteria (T2D incidence rates) on the effectiveness of exercise therapy in preventing T2D after GDM, which may introduce bias. Future research should focus on long-term follow-up to expand data on T2D incidence rates. Additionally, while our meta-analysis focused on the metabolic improvements from exercise therapy in women with GDM, it did not assess its effects on cardiac function, particularly echocardiographic parameters like myocardial strain. Since GDM women may experience subclinical myocardial dysfunction (55, 56). Therefore, exercise therapy may have potential beneficial effects on the myocardial strain parameters in these women. Future research should further explore this topic to assess the role of exercise therapy in preventing and treating GDM-related cardiac complications. This will provide more comprehensive evidence for the management of GDM.





5 Conclusions

This study highlights that while exercise therapy has short-term benefits in preventing and treating GDM, its effectiveness in preventing T2D post-GDM is limited by prolonged interventions and challenges in long-term follow-up. To address metabolic concerns and instill positive exercise habits in future generations, the manuscript proposes an integrated approach for comprehensive GDM management, aimed at promoting lifelong health. Additionally, as women with GDM may have subclinical myocardial dysfunction, further research should explore exercise therapy’s role in preventing GDM-related cardiac complications. Larger-scale, long-term studies are needed to confirm its effectiveness in preventing T2D and cardiac issues post-GDM, ensuring a more comprehensive management strategy.
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‘The high, moderate, and low levels of adherence with exercise refer to attendance rates equal to or greater than 80%, between 50% and 80%, and less than or equal to 50%, respectively. “NA” indicates that information is not available in this context. “Borg's scale” refers o the
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