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Objective: To investigate the impact of a physical activity intervention based on the Fogg Behavior Model on weight, gestational physical activity, self-efficacy for physical activity, and physical activity knowledge in pregnant women with pre-pregnancy obesity or overweight.



Methods: A total of 132 pregnant women with pre-pregnancy obesity or overweight were divided into a control group and an intervention group, with 66 participants in each group. The control group received routine prenatal care, while the intervention group, based on the control group's regimen, received an intervention guided by the Fogg Behavior Model, focusing on the three key elements of motivation, ability, and prompts, until 36+6 weeks of gestation. Pre- and post-intervention evaluations were conducted for both groups, assessing maternal weight, gestational physical activity, self-efficacy for physical activity, and physical activity knowledge.



Results: A total of 70 participants in the control group and 62 participants in the intervention group completed the intervention. After the intervention, the intervention group exhibited less weight gain in both the mid and late stages of pregnancy compared to the control group. The intervention group also had higher physical activity scores in both the mid and late stages of pregnancy. Additionally, self-efficacy for physical activity was higher in the intervention group during the mid-pregnancy period, and physical activity knowledge scores were higher in the intervention group during the late pregnancy period compared to the control group.



Conclusion: Physical activity based on the Fogg Behavior Model is effective in reducing gestational weight gain and increasing physical activity during pregnancy.
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1 Introduction

Physical activity refers to various bodily movements generated by skeletal muscle contractions that result in energy expenditure. According to the recommendations of the World Health Organization (WHO), pregnant women without medical contraindications should engage in at least 150 min of moderate-intensity physical activity per week (1). Pregnancy often leads to a significant reduction in physical activity among women (2), Studies conducted both domestically and internationally indicate that 84.2%–88.9% of pregnant women fail to meet the physical activity guidelines, demonstrating insufficient physical activity (3, 4). The WHO has identified physical inactivity as one of the major global public health challenges of the 21st century (5). Over the past two decades, the prevalence of overweight and obesity in China has risen rapidly (6). Among women of reproductive age, the overweight rate is 25.4%, and the obesity rate reaches 9.2% (7), Women who are overweight or obese before pregnancy face increased health risks during gestation. Research indicates that their risk of developing gestational diabetes mellitus (GDM) is four to nine times higher than that of women with normal weight, while the risk of preeclampsia increases by six to seven times. Additionally, the incidence of gestational hypertension and postpartum venous thromboembolism is four to five times higher. Moreover, they are at a significantly higher risk of cesarean section, miscarriage, stillbirth, preterm birth, and depression. The likelihood of delivering a macrosomic infant, congenital anomalies, and perinatal mortality also increases significantly (8). Regular physical exercise during pregnancy contributes to maintaining or improving overall health, supporting weight management, and reducing the risk of GDM in overweight or obese pregnant women. Furthermore, appropriate physical activity enhances psychological well-being and strengthens the ability to adapt to the physiological and psychological changes of pregnancy (9, 10).

Proposed by Stanford University Professor B.J. Fogg in 2009, the Fogg Behavior Model (FBM) is a theoretical framework designed to guide behavior change. It consists of three core elements: Motivation, Ability, and Prompt. The model posits that the successful execution of a target behavior depends on the synergistic interaction of these components. Motivation serves as the driving force behind behavior—higher motivation increases the likelihood of behavioral engagement. Ability reflects an individual's capacity to perform the behavior. when ability is high or the behavior itself is simple, habit formation becomes more attainable. Finally, the Prompt acts as the critical trigger for action—even with sufficient motivation and ability, the behavior may not occur without an effective cue. In recent years, the application of FBM has expanded significantly. Beyond its widespread use in product design (11–13), promotion of environmentally sustainable behaviors (14), and surveys of pension purchase intentions (15), FBM has gained increasing recognition in health management, particularly in chronic disease management. For instance, it has been employed to improve lifestyle habits in patients with osteoarthritis (16) and diabetes (17), as well as to enhance medication adherence among individuals with kidney disease (18). Globally, researchers have developed and implemented FBM-based behavior change interventions with notable success. These interventions have significantly increased HPV vaccination rates among adolescent females (19) and effectively promoted physical activity participation among community residents (20). Additionally, in the field of reproductive health, FBM has demonstrated positive outcomes in HIV prevention (21), contraceptive use promotion (22, 23), and management of childbirth-related fear. Militello et al. (24) further exemplified FBM's versatility by applying it to weight management in overweight and obese preschool-aged children in the United States, highlighting its potential in pediatric health interventions. In China, FBM has also been integrated into the design of pediatric rehabilitation training programs (24, 25). By leveraging its core mechanisms—enhancing motivation, building ability, and providing timely prompts—FBM equips parents with practical behavioral strategies while encouraging children to consistently practice and monitor new skills, thereby improving rehabilitation outcomes for children with disabilities. This program aims to promote healthy lifestyle adoption during pregnancy, offering a foundation for evidence-based prenatal exercise interventions. Moreover, it provides a framework for developing personalized intervention strategies tailored to this population.



2 Materials and methods


2.1 General information

A convenience sampling method was used to select pregnant women who registered for maternity care and underwent routine prenatal check-ups at the obstetric outpatient department of a tertiary maternal and child health hospital in Zhengzhou in February 2022 to April 2023. These women were followed up until 36+6 weeks of gestation. Eligible overweight or obese pregnant women were identified as study participants and enrolled between 5 and 12+6 weeks of gestation. They were randomly assigned to either the intervention group or the control group, with 73 participants in each group, using a random number table method. To ensure the scientific validity and comparability of the intervention effect evaluation based on FBM, baseline characteristics were systematically compared between the intervention and control groups prior to implementation. The assessed variables included demographic factors, pre-pregnancy weight status, health knowledge levels, physical activity self-efficacy, and physical activity compliance. This comparative analysis ensured equivalence between groups at baseline, minimizing potential confounding effects and strengthening the reliability of subsequent outcome assessments.

Inclusion criteria:


	1.Naturally conceived singleton pregnancy, aged 18 years or older;

	2.Undergoing regular routine prenatal check-ups;

	3.No cognitive impairment, able to understand and respond to questions;

	4.Willing to participate and providing signed informed consent;

	5.Pre-pregnancy BMI >24 kg/m2.



Exclusion Criteria:


	1.Contraindications to physical activity during pregnancy;

	2.Pre-existing diabetes before pregnancy;

	3.Cervical insufficiency;

	4.Pre-existing medical conditions before pregnancy, including cardiovascular disease, pulmonary disease, hepatic disease, renal disease, hypertension, systemic lupus erythematosus, thyroid disorders, psychiatric disorders, or Urinary incontinence and pelvic organ prolapse;

	5.Pregnant women currently taking medications such as metformin or corticosteroids.



Elimination Criteria:


	1.Stillbirth or severe fetal malformations;

	2.Incomplete pregnancy-related data.





2.2 Intervention methods

Pregnant women in the control group received routine prenatal care services, including risk assessment at the first prenatal examination and referral to an attending physician. They were advised to consult a nutrition clinic and encouraged to participate in health education sessions at the maternity school. Additionally, prenatal check-ups were conducted every four weeks before 28 weeks of gestation, every two weeks between 28 and 36 weeks, and weekly after 36 weeks until delivery. On the basis of routine health management, the intervention group received a physical activity program based on the FBM, which was developed and implemented as follows:


2.2.1 Establishing an intervention team

Under the leadership of the principal researcher, a multidisciplinary intervention development team was formed, comprising two obstetricians, two outpatient obstetric nurses, one exercise specialist, and two research assistants. The researcher first presented the study's objectives, theoretical foundation, clinical practice guidelines, supporting literature, contextual factors, economic feasibility, and prior research findings to the team. Following this, the team engaged in collaborative discussions to systematically design stage-specific intervention strategies.



2.2.2 Developing an intervention manual for pregnant women

Based on the research objectives and literature review, a health education manual on physical activity for pregnant women was developed, incorporating the FBM. The manual covers the definition, epidemiological characteristics, associated risks, and preventive measures for overweight and obese pregnant women. It also includes information on the benefits, types, appropriate timing, duration, intensity, and precautions of physical activity during pregnancy; the assessment and management of pregnancy-related discomforts; and the evaluation and intervention of prenatal depression and anxiety. Additionally, considering the physiological and psychological characteristics of pregnancy, an exercise guidance video tailored for pregnant women was produced. A physical activity log was also developed to facilitate the monitoring and management of their physical activity levels.



2.2.3 Developing a prenatal exercise intervention program

Using the FBM as the theoretical framework, a prenatal exercise intervention program was developed through literature review, group discussions, and an assessment of participants' general characteristics and prenatal examination indicators. The motivation and ability for physical activity during pregnancy were analyzed, with fetal health, blood pressure, blood glucose levels, and gestational weight gain identified as cue signals for health-promoting behaviors. This approach helped define prenatal exercise goals, clarify exercise content, and determine effective intervention measures and strategies to promote behavioral changes in prenatal physical activity. Based on these findings, a preliminary draft of the FBM-based intervention program for physical activity in overweight or obese pregnant women was formulated.

To ensure the scientific rigor and feasibility of the program, two obstetricians with over 10 years of experience, one exercise specialist, and two outpatient obstetric nurses were invited for evaluation and review. The research team revised and refined the program based on expert feedback, ultimately finalizing a comprehensive intervention plan (see Table 1). Once established, the intervention program was compiled into a handbook, distributed to the multidisciplinary team members, and accompanied by a structured training session. The training covered the study objectives, program details, implementation procedures, and standardized intervention steps.



TABLE 1 Intervention on prenatal physical activity for overweight or obese pregnant women based on the Fogg Behavior Model.



	Target behavior
	Motivation
	Ability
	Trigger factors
	Intervention content
	Intervention measures and methods





	Engaging in Regular Moderate-Intensity Physical Activity During Pregnancy
	Enhancing Pregnant Women's Awareness of the Importance of Physical Activity During Pregnancy
	(1) Pregnant women need to have the ability to reasonably plan their daily schedule to ensure sufficient time for moderate-intensity physical activity each day.(2) They should master the correct methods of performing moderate-intensity physical activities.(3) They should develop the ability to manage physical discomfort during pregnancy.
	(1) Family support and encouragement.(2) Peer communication and support among pregnant women.(3) A safe and comfortable environment for physical activity.
	(1) It is recommended that pregnant women engage in at least 150 min of moderate-intensity physical activity per week, with each session lasting no less than 30 min.
	General Health Intervention: (1) Thematic Health Education Lectures – Conduct specialized health education sessions on prenatal health and physical activity. (2) Development and Distribution of the Prenatal Health Manual for Overweight or Obese Pregnant Women – A comprehensive, illustrated manual with detailed content to facilitate easy reading and learning for pregnant women. (3) Establishment of a WeChat Health Management Group – Organize pregnant women into an online health management group to regularly share prenatal exercise videos, health tips, and related information, enabling continuous learning and communication.(4) Initial On-Site Training at the Hospital – Conduct the first physical activity session as an in-person training at the hospital, guided by professional sports coaches and obstetric nurses to ensure correct exercise techniques.



	Controlling Gestational Weight Gain
	Stimulating Pregnant Women's Intrinsic Motivation – Emphasize the role of physical activity in improving childbirth outcomes and encourage pregnant women to actively participate in physical activities.
	Ability to Self-Monitor Gestational Weight Gain
	Daily Exercise Check-In Reminders via a Mini Program
	Based on the pre-pregnancy BMI of pregnant women, reasonable gestational weight gain targets should be established. Regular weight monitoring should be conducted to ensure that gestational weight gain remains within a healthy range.
	(1) Daily reminders via WeChat group for weight monitoring.(2) Weekly follow-up with pregnant women via telephone or WeChat to assess gestational weight gain, physical activity levels, address their questions, and adjust activity plans accordingly.(3) Encouragement of family member involvement in pregnant women's physical activities during pregnancy.



	Benefits for the fetus
	Enhancing maternal awareness of fetal health.
	Having knowledge of the short-term and long-term impacts of maternal exercise during pregnancy on offspring.
	Regular ultrasound monitoring of fetal weight, amniotic fluid volume, and related parameters during pregnancy.
	Engaging in prenatal activities to promote healthy fetal development, reduce the risk of birth defects, and enhance offspring health outcomes after birth.
	Follow-up: (1) Monitoring blood pressure, daily weight, and mid-pregnancy oral glucose tolerance test (OGTT) parameters. (2) Strengthening motivation, enhancing skills, and increasing reminders to sustain targeted behaviors. (3) Addressing questions raised by intervention participants. (4) Providing encouragement and rewards to participants who successfully establish healthy behaviors and achieve targeted behavioral goals.









2.2.4 Implementing the intervention protocol


	1.Evaluation: Assessing demographic characteristics, physiological parameters (e.g., pre-pregnancy BMI), motivation and capability for engaging in physical activity during pregnancy, cues to action, and pregnancy-related exercise promotion behaviors among intervention participants.

	2.Intervention: According to the inclusion and exclusion criteria of this study, pregnant women with pre-pregnancy overweight or obesity and gestational ages within two weeks of each other were grouped into small cohorts. Each group consisted of 8–10 pregnant women. Participants in the intervention group received a physical activity intervention specifically designed for pregnant women with pre-pregnancy overweight or obesity, in addition to the standard care provided to the control group. The intervention spanned from 13 to 14+6 weeks of gestation through 36 weeks of gestation. Participants were instructed to engage in moderate-intensity physical activity at least five days per week. The physical activities included exercises derived from a systematic review (26), clinical practice guidelines (27), and expert recommendations from professional exercise coaches, comprising aerobic and resistance training. Aerobic exercises involved brisk walking as well as upper and lower limb stretching activities. Resistance training targeted major muscle groups, including the chest, back, shoulders, and upper and lower extremities. The intensity of physical activity was individualized based on perceived exertion levels measured by the Borg Rating Scale (target range: 12–14) (28) and the talk test criterion (ability to converse but not sing during exercise) (29). The intervention was guided by the FBM and comprised four core elements aimed at accumulating direct experiences, indirect learning, verbal encouragement, and physiological and emotional guidance. The intervention consisted of a total of 13 sessions, including one face-to-face group educational session and exercise clinic visit (direct experience), one online health education session focused on managing common pregnancy discomforts and emotional regulation (physiological and emotional guidance), and 11 online group meetings (indirect learning experiences). Additionally, daily reminders and motivational messages were provided to participants to encourage adherence to physical activity routines (verbal persuasion).

	3.Follow-up: After completing one week of health intervention, follow-up continued until 36 weeks of pregnancy. Participants were required to attend in-person hospital follow-ups or receive follow-ups via WeChat/phone calls by the researchers at least once per week. During follow-ups, motivation was reinforced, capabilities were enhanced, and prompt factors were strengthened to maintain target behaviors.






2.3 Evaluation methods

Researchers conducted face-to-face paper-based questionnaire surveys to collect the following data at baseline, 24–27+6 weeks, and 35–36+6 weeks of gestation.


2.3.1 Pregnancy physical activity questionnaire

This study adopted the Chinese version of the Pregnancy Physical Activity Questionnaire (PPAQ), translated and validated by Zhang Yan et al. (30) to assess pregnant women's physical activity levels. The questionnaire comprises 31 activities divided into four main categories: household activities (14 items), exercise activities (8 items), transportation-related activities (4 items), and occupational activities (5 items). Pregnant women were asked to specify the duration of each activity according to their individual circumstances, ranging from not performed at all to more than 3 h per day. Activity intensities were categorized into four levels based on Metabolic Equivalent of Energy (MET) values: sedentary (MET <1.5), low intensity (MET 1.5–3.0), moderate intensity (MET 3.0–6.0), and high intensity (MET >6.0). Additionally, activities were classified by type into caregiving at home, occupational activities, transportation, exercise, and inactivity. The Chinese version of the PPAQ demonstrated high content validity (0.940), excellent test-retest reliability (0.944), and a correlation coefficient of 0.768 when compared to accelerometer measures, indicating robust applicability within the Chinese pregnant population.



2.3.2 Pregnancy exercise self-efficacy scale

In this study, the Pregnancy Exercise Self-efficacy Scale (P-ESES), translated and validated into Chinese by Yang Hongmei et al. (31) was employed to assess the self-efficacy for physical activity among pregnant women. The scale consists of 10 items, each rated on a five-point Likert scale ranging from 1 to 5, with total scores ranging from 10 to 50. Higher scores indicate greater self-efficacy in performing physical activities. Based on total scores, exercise self-efficacy is classified into three categories: low (10–20 points), moderate (21–40 points), and high (41–50 points). The scale has demonstrated good reliability among pregnant women, with a Cronbach's α coefficient of 0.80.



2.3.3 Pregnancy physical activity knowledge questionnaire

The Pregnancy Physical Activity Knowledge Questionnaire developed by Yao Shanshan et al. (32) was used in this study to assess pregnant women's knowledge regarding physical activity during pregnancy. The questionnaire consists of seven items covering topics such as the effects of physical activity during pregnancy on maternal health, fetal health, and delivery mode, as well as suitable types of exercise, contraindications, and warning signs indicating that exercise should be discontinued. Each item provides three response options: “Aware,” “Uncertain,” and “Unaware.” A respondent who correctly answers five or more items is considered to have adequate knowledge regarding pregnancy-related physical activity, whereas a respondent correctly answering fewer than four items is regarded as having inadequate knowledge.




2.4 Statistical methods

Statistical description tests χ2, Wilcoxon rank sum test, t-test and generalized estimating equation analysis were conducted using SPSS 25.0 software, with the significance level α = 0.05.




3 Results


3.1 Comparison of basic characteristics between the two groups of pregnant women

The study retained 70 participants in the intervention group and 62 in the control group through completion. A summary of baseline characteristics is presented in Table 2. Regarding age and gestational weeks, the mean age of participants in the intervention group was 30.67 ± 3.71 years, compared to 30.76 ± 4.48 years in the control group. The mean gestational age was 11.81 ± 0.57 weeks and 11.89 ± 0.32 weeks in the intervention and control groups, respectively. No statistically significant differences were observed between the two groups (p > 0.05). In terms of parity, the intervention group included 39 primiparas and 31 multiparas, while the control group included 37 and 25, respectively, with no significant difference (p = 0.646), indicating good comparability in demographic characteristics.



TABLE 2 Comparison of basic characteristics between the Two groups of pregnant women (x¯±s).



	Factors
	Intervention group (n = 70)
	Control group (n = 62)
	t/χ2 value
	p value





	Age (years)
	30.67 ± 3.71
	30.76 ± 4.48
	−0.122¬
	0.390



	Mean gestational age (weeks)
	11.81 ± 0.57
	11.89 ± 0.32
	−0.887¬
	0.066



	Maternal category
	
	
	0.211­
	0.646



	 Primipara (cases)
	39
	37
	
	



	 Multipara (cases)
	31
	25
	
	



	Maternal weight



	Overweight pregnant women before pregnancya (cases)
	50
	42
	
	



	Pre-pregnancy weight (kg)
	67.27 ± 4.57
	67.94 ± 5.54
	−0.636¬
	0.124



	Pre-pregnancy BMI (kg/m2)
	25.51 ± 1.00
	25.62 ± 1.15
	−0.491¬
	0.241



	Obese Pregnant Women Before Pregnancyb (cases)
	20
	20
	
	



	Pre-pregnancy weight (kg)
	81.68 ± 9.34
	80.88 ± 8.23
	0.287¬
	0.547



	Pre-pregnancy BMI (kg/m2)
	31.26 ± 2.87
	30.07 ± 1.82
	1.570¬
	0.059



	Knowledge Score
	
	
	0.019­
	0.890



	Meeting the standard (cases)
	2
	3
	
	



	Not meeting the Standard (cases)
	68
	59
	
	



	Level of physical activity self-efficacy
	
	
	0.842­
	0.657



	Lower (cases)
	2
	1
	
	



	Moderate (cases)
	62
	53
	
	



	Higher (cases)
	6
	8
	
	



	Meeting the physical activity standard
	
	
	0.051­
	0.821



	Meeting the standard (cases)
	42
	36
	
	



	Not meeting the standard (cases)
	28
	26
	
	




	¬ Represents t value; ­Represents χ2 value;


	aRepresents 24 kg/m2 ≤ BMI < 28 kg/m2.


	bRepresents BMI ≥ 28 kg/m2.







For pre-pregnancy weight and body mass index (BMI), among women who were overweight before pregnancy, the mean weight in the intervention group was 67.27 ± 4.57 kg and BMI was 25.51 ± 1.00 kg/m2, compared to 67.94 ± 5.54 kg and 25.62 ± 1.15 kg/m2 in the control group. These differences were not statistically significant (p > 0.05). Among women classified as obese before pregnancy, the mean pre-pregnancy weight was 81.68 ± 9.34 kg and BMI was 31.26 ± 2.87 kg/m2 in the intervention group, while in the control group these were 80.88 ± 8.23 kg and 30.07 ± 1.82 kg/m2, respectively, with no statistically significant difference observed (p > 0.05); however, the BMI difference approached statistical significance (p = 0.059), suggesting slightly higher pre-pregnancy BMI among obese women in the intervention group.

In terms of health knowledge and physical activity-related indicators, the proportion of participants meeting the knowledge criteria was low in both groups, with two in the intervention group and three in the control group reaching the threshold, and no significant difference between groups (p = 0.890). Regarding physical activity self-efficacy, 68 participants (97.1%) in the intervention group and 61 participants (98.4%) in the control group demonstrated moderate or high levels, with no significant difference (p = 0.657). The proportion of participants meeting the physical activity recommendation was 60.0% in the intervention group and 58.1% in the control group, with no statistically significant difference (p = 0.821).

In summary, no significant differences were found between the intervention and control groups across baseline characteristics, indicating good comparability and establishing a sound foundation for evaluating the effects of the subsequent intervention.



3.2 Comparison of gestational weight gain between the two groups of pregnant women

To evaluate the impact of a physical activity intervention based on the Fogg Behavior Model (FBM) on gestational weight control among overweight or obese women prior to pregnancy, this study compared gestational weight gain between the intervention and control groups. The results are presented in Table 3. In the intervention group, 18 participants (25.7%) experienced insufficient weight gain, 24 (34.3%) achieved appropriate weight gain, and 28 (40.0%) had excessive weight gain. In the control group, the corresponding numbers were 6 (9.7%), 22 (35.5%), and 34 (54.8%), respectively. Statistical analysis indicated that the overall distribution of gestational weight gain differed significantly between the two groups (χ2 = 6.206, p = 0.045). The proportion of participants with excessive weight gain was notably lower in the intervention group compared to the control group, suggesting that the FBM-based physical activity intervention was effective in improving gestational weight control and reducing the risk of excessive weight gain among overweight or obese pregnant women.



TABLE 3 Comparison of gestational weight gain between the two groups of pregnant women.



	Weight parameters
	Intervention group (n = 70)
	Control group (n = 62)
	χ2 value
	p value





	Gestational weight gain
	6.206
	0.045



	Inadequate gestational weight gain (cases)
	18
	6
	
	



	Adequate gestational weight gain (cases)
	24
	22
	
	



	Excessive gestational weight gain (cases)
	28
	34
	
	









3.3 Comparison of pregnancy physical activity knowledge scores between groups

To assess the efficacy of a physical activity intervention grounded in FBM for enhancing knowledge acquisition among overweight or obese women in the preconception period, this study conducted a comparative analysis of physical activity knowledge scores between the intervention and control groups during both the second and third trimesters of pregnancy. The results are presented in Table 4. In the second trimester (24–27+6 weeks), 18 participants (25.7%) in the intervention group met the knowledge standard, while 52 (74.3%) did not. In the control group, only 8 participants (12.9%) met the standard, with 54 (87.1%) not reaching it. The difference between groups approached statistical significance (χ2 = 3.412, p = 0.065), suggesting an improvement in knowledge levels within the intervention group at this stage, although the result did not reach conventional significance. In the third trimester (35–36+6 weeks), the number of participants meeting the knowledge standard in the intervention group increased significantly to 29 (41.4%), while in the control group only 10 participants (16.1%) achieved this level. The number of participants not meeting the standard was 41 (58.6%) in the intervention group and 52 (83.9%) in the control group. The difference between groups was statistically significant (χ2 = 10.110, p = 0.001), indicating that by the later stage of the intervention, participants in the intervention group had significantly better knowledge regarding physical activity during pregnancy compared to those in the control group. These findings suggest that the FBM-based intervention had a positive effect on improving physical activity knowledge among overweight or obese pregnant women, with a more pronounced impact observed in the third trimester.



TABLE 4 Comparison of pregnancy physical activity knowledge scores between the two groups.



	Knowledge scores
	Intervention group (n = 70)
	Control group (n = 62)
	χ2 value
	p value





	Knowledge scores at 24–27+6 weeks
	3.412
	0.065



	Achieved standard (cases)
	18
	8
	
	



	Did not achieve standard (cases)
	52
	54
	
	



	Knowledge scores at 35–36+6 weeks
	10.110
	0.001



	Achieved standard (cases)
	29
	10
	
	



	Did not achieve standard (cases)
	41
	52
	
	









3.4 Comparison of pregnancy physical activity self-efficacy scores between groups

To assess the impact of an FBM-based physical activity intervention on self-efficacy for physical activity among overweight or obese women prior to pregnancy, this study compared self-efficacy scores between the intervention and control groups during the second and third trimesters. Detailed results are presented in Table 5. In the second trimester (24–27+6 weeks), the number of participants in the intervention group with low, moderate, and high self-efficacy was 1 (1.4%), 49 (70.0%), and 20 (28.6%), respectively. In the control group, the corresponding figures were 3 (4.8%), 52 (83.9%), and 7 (11.3%). The distribution of self-efficacy levels between the two groups was statistically significant (χ2 = 6.889, p = 0.032), indicating that a higher proportion of participants in the intervention group had high self-efficacy. This suggests that the intervention had a positive effect on enhancing self-efficacy for physical activity during this stage of pregnancy. However, in the third trimester (35–36+6 weeks), the distribution of low, moderate, and high self-efficacy levels in the intervention group was 3 (4.3%), 55 (78.6%), and 12 (17.1%), respectively, compared to 3 (4.8%), 50 (80.6%), and 9 (14.5%) in the control group. No statistically significant difference was observed between the two groups (χ2 = 0.182, p = 0.913), indicating that as pregnancy progressed, self-efficacy levels in both groups tended to converge, and the intervention effect may have diminished in the later stage. In summary, the FBM-based intervention significantly improved self-efficacy for physical activity during the second trimester, but its sustained effect appeared to be limited in the third trimester. These findings highlight the need for maintaining the continuity of intervention and incorporating reinforcement strategies in the later stages of pregnancy.



TABLE 5 Comparison of pregnancy physical activity self-efficacy scores between the two groups.



	Level of self-efficacy
	Intervention group (n = 70)
	Control group (n = 62)
	χ2 value
	p value





	Self-efficacy at 24–27+6 weeks
	6.889
	0.032



	Low level (cases)
	1
	3
	
	



	Moderate level (cases)
	49
	52
	
	



	High level (cases)
	20
	7
	
	



	Self-efficacy at 35–36+6 weeks
	0.182
	0.913



	Low level (cases)
	3
	3
	
	



	Moderate level (cases)
	55
	50
	
	



	High level (cases)
	12
	9
	
	









3.5 Comparison of physical activity compliance scores between the two groups during pregnancy

To further assess the efficacy of a physical activity intervention grounded in FBM for actual physical activity performance among overweight or obese women prior to pregnancy, this study compared physical activity compliance between the intervention and control groups during the second and third trimesters. The results are presented in Table 6. In the second trimester (24–27+6 weeks), 59 participants in the intervention group (84.3%) met the recommended level of physical activity, while 11 (15.7%) did not. In the control group, 41 participants (66.1%) met the standard, and 21 (33.9%) did not. Statistical analysis showed a significant difference between the groups (χ2 = 5.902, p = 0.015), indicating that the physical activity performance of the intervention group was superior to that of the control group at this stage, and that the intervention had a preliminary positive effect. In the third trimester (35–36+6 weeks), the number of participants in the intervention group meeting the physical activity standard increased to 63 (90.0%), with only 7 (10.0%) not meeting the standard. In the control group, 45 participants (72.6%) met the standard, while 17 (27.4%) did not. The difference between groups remained statistically significant (χ2 = 6.706, p = 0.010), suggesting that under continuous intervention, the physical activity compliance rate of the intervention group further improved, and the effect of the intervention remained significant in late pregnancy. These findings indicate that the FBM-based intervention significantly improved physical activity compliance in both the second and third trimesters among overweight or obese pregnant women. This demonstrates the model's practical value and effectiveness in promoting the translation of target behaviors into action.



TABLE 6 Comparison of achieving recommended physical activity levels between the two groups.



	Physical activity compliance
	Intervention group (n = 70)
	Control group (n = 62)
	χ2 value
	p value





	Compliance at 24–27+6 weeks



	Achieved recommended levels (cases)
	59
	41
	5.902
	0.015



	Did not achieve recommended levels (cases)
	11
	21
	
	



	Compliance at 35–36+6 weeks



	Achieved standard (cases)
	63
	45
	6.706
	0.010



	Did not achieve recommended standard (cases)
	7
	17
	
	










4 Discussion


4.1 Intervention effects on gestational weight gain

This study found that the FBM-based intervention significantly reduced gestational weight gain among overweight and obese women prior to pregnancy, particularly in lowering the incidence of excessive weight gain. The rate of excessive gestational weight gain in the intervention group was 40.0%, significantly lower than that of the control group (54.8%), with a statistically significant difference (p = 0.045). This finding is consistent with results published in The Lancet (33), which highlight the strong association between pre-pregnancy overweight or obesity and excessive gestational weight gain. Poor weight control during pregnancy is known to significantly increase the risk of adverse pregnancy outcomes such as gestational diabetes, hypertensive disorders, macrosomia, and cesarean delivery. Therefore, promoting and sustaining healthy behaviors—particularly evidence-based physical activity patterns—remains a key focus in prenatal intervention research.

This result also aligns with findings from a systematic review on exercise interventions for overweight or obese pregnant women (34), which concluded that physical activity during pregnancy can help limit excessive gestational weight gain in this population. In a behavior theory-based intervention study, Flannery et al (35) reported that helping pregnant women set clear physical activity goals, enhance their execution capabilities, and receive continuous prompts can significantly reduce the risk of abnormal gestational weight gain. The FBM, which is structured around the three elements of motivation, ability, and prompt, effectively integrates the core mechanisms of behavior change and facilitates the achievement of target health behaviors. By incorporating the FBM framework into prenatal physical activity guidance, the present study demonstrates its suitability for high-risk pregnant populations.

Notably, unlike traditional interventions that primarily emphasize cognitive education, FBM places greater emphasis on the practical feasibility and sustainability of behavior pathways. For example, Militello et al. (24) applied the FBM in an intervention targeting overweight children and found that capacity building and real-time prompts were especially crucial for maintaining behavioral adherence. In the current study, the use of staged follow-up and reminder mechanisms helped participants maintain a high level of behavioral execution throughout pregnancy, thereby improving weight management outcomes.

Furthermore, most domestic studies remain focused on the dissemination of exercise knowledge (5), with intervention strategies that are relatively simple and lacking in structured design informed by behavioral models. This study introduced innovation in theoretical foundation, intervention implementation, and outcome evaluation, demonstrating that FBM has strong potential for cross-population and cross-context application. It is especially suitable for pregnancy-related health management scenarios that require sustained behavioral adjustment.

In conclusion, the FBM-based intervention strategy effectively promotes appropriate gestational weight gain and offers important practical value. Future research should explore the model's adaptability across diverse cultural contexts and its long-term effectiveness. Additionally, integrating digital health tools may further facilitate personalized behavioral interventions, thereby improving pregnancy health management for overweight and obese women.



4.2 Intervention effects on pregnant women's knowledge regarding physical activity

This study implemented a physical activity intervention for overweight or obese women prior to pregnancy based on three core dimensions of FBM: motivation enhancement, ability building, and prompt guidance. The results indicated that the systematic intervention under the FBM framework not only improved participants' cognitive knowledge about physical activity but also facilitated the internalization of that knowledge into actual health behaviors.

Previous research has confirmed that pregnant women's level of knowledge about physical activity significantly influences their behavioral adoption and long-term adherence. Katherine et al. (36) pointed out that when pregnant women possess sufficient knowledge about physical activity, they are more capable of assessing safety thresholds and thus more confident in engaging in physical activity interventions. However, traditional interventions often rely on one-time education sessions or passive dissemination of information, lacking continuity and interactivity, which limits the transformation of knowledge into practice. In contrast, FBM emphasizes a behavior formation pathway based on “motivation–ability–prompt” and addresses these limitations by incorporating regular interviews, group-based interactions, behavioral cues, and ability-enhancing strategies. In this study, the rate of knowledge attainment in the intervention group increased to 41.4% by the third trimester, significantly higher than the 16.1% observed in the control group, highlighting the model's advantage in behavior-oriented cognitive interventions.

Moreover, studies have shown that pregnant women's knowledge of health is closely associated with antenatal compliance and maternal–infant outcomes. In a community-based study in China, Wang et al. (37) found that women who received structured prenatal health education had better outcomes in weight control, delivery method selection, and breastfeeding rates compared to those who received routine education. Their study emphasized that contextualization and interactivity in knowledge delivery are key to improving intervention outcomes. Similarly, the intervention in the present study employed modular education, regular health content dissemination via WeChat groups, and personalized Q&A support, which together contributed to the sustainability and individualization of knowledge acquisition, reinforcing both memory retention and behavioral identification among participants.

In contrast to international practices, domestic scholars such as Liu Xiangmao et al. (5) have noted that despite initial progress in promoting the Guidelines for Physical Activity During Pregnancy, challenges remain in terms of the depth of knowledge dissemination and the effectiveness of knowledge-to-action translation. Embedding FBM into the logic of intervention design may help overcome these implementation gaps, especially the common “easy to understand but hard to apply” dilemma in health education.

In conclusion, this study confirmed that FBM-guided intervention strategies significantly improved physical activity knowledge among overweight or obese pregnant women, with particularly pronounced effects in the third trimester. The practical value of this model lies in its strong operability and clearly defined behavior transformation pathways. It is well suited for dual interventions targeting both knowledge and behavior in high-risk pregnancy populations. Future applications may extend to primary care settings or digital health platforms to promote more precise and intelligent prenatal health education.



4.3 Intervention effects on pregnant women's physical activity self-efficacy

In this study, the physical activity self-efficacy of pregnant women in the intervention group was significantly higher than in the control group during the second trimester (p = 0.032), however, this difference was no longer statistically significant by the third trimester. Before the intervention, most participants had moderate levels of physical activity self-efficacy. Post-intervention results indicated that the intervention significantly improved physical activity self-efficacy during the second trimester, particularly increasing the likelihood of achieving higher self-efficacy levels.

This finding is consistent with the objectives of the present study and aligns with the predictions of self-efficacy theory (38). However, it is worth noting that in the later stage of the intervention, self-efficacy levels in both groups began to converge, and the between-group difference was no longer statistically significant. This outcome may be attributed to two main factors: first, the increased physical burden in the third trimester may have led to subjective barriers such as mobility limitations and heightened fatigue, thereby reducing participants' confidence in engaging in physical activity; second, the frequency and content of the intervention may not have been sufficiently adjusted to meet the evolving needs of participants in late pregnancy, suggesting that late-stage interventions should place greater emphasis on dynamic feedback and individual differences.

Nicola et al. (39) noted that single-phase interventions often exhibit a “peak–decline” pattern in behavior change, and that sustained behavioral support combined with personalized reinforcement strategies is essential for maintaining intervention effectiveness. In light of this, the present study suggests that future practice should consider integrating digital tools—such as WeChat-based reminders, mobile app check-ins, and real-time exercise feedback mechanisms—to extend motivation-enhancing and ability-building strategies. Such approaches may help sustain and even enhance self-efficacy during the third trimester.

Furthermore, the present study incorporated the FBM framework into the design of prenatal education and physical activity promotion, offering a replicable theoretical model for interventions targeting overweight and obese pregnant women in China. Compared to traditional didactic education approaches, FBM-based interventions demonstrated stronger behavioral engagement and sustainability in improving self-efficacy, highlighting the model's practical value and scalability—particularly in community-based maternal health management and digital health integration.

In summary, the FBM-guided intervention strategy significantly enhanced self-efficacy for physical activity during the second trimester, effectively increasing participants' engagement and motivation. However, to sustain these benefits into late pregnancy, future interventions should be further refined to accommodate the behavioral characteristics and support needs specific to the later stages of gestation, thereby achieving continuous enhancement of self-efficacy and long-term behavioral maintenance.



4.4 Intervention effects on achieving recommended levels of physical activity

The study found that the intervention significantly increased moderate-intensity physical activity energy expenditure, duration of moderate-intensity activities, and the proportion of pregnant women meeting recommended physical activity levels, consistent with findings from Wang et al. (40). Post-intervention, the compliance rate for recommended physical activity levels in the intervention group (84.3%, 59/70) was significantly higher than in the control group (66.1%, 41/62), and this gap widened further in late pregnancy (90.0%, 63/70 vs. 72.6%, 45/62). These findings demonstrate the effectiveness of the FBM-based intervention in facilitating adherence to recommended physical activity levels among pregnant women. By simplifying behavioral goals, providing immediate feedback, and enhancing social support, the intervention effectively incorporated physical activities into participants' daily routines. Such behavioral changes closely reflect the core principles of FBM—lowering barriers, enhancing motivation, and providing triggers to encourage sustained behaviors.

However, the control group's increased physical activity over time primarily involved household and sedentary activities, while their vigorous and exercise-specific activities decreased. Conversely, the intervention group increased their moderate-to-vigorous physical activities and structured exercise participation. These results align with findings by Nobles et al. (41) indicating prenatal exercise interventions can enhance moderate-to-vigorous physical activity and exercise engagement. However, due to the influence of traditional cultural norms, cognitive misconceptions, and insufficient motivation, pregnant women who are overweight or obese prior to pregnancy often exhibit lower willingness to engage in physical activity and poorer behavioral adherence, resulting in generally low rates of physical activity compliance (42). This study introduced FBM and systematically designed an intervention pathway focusing on three core components—motivation enhancement, ability improvement, and prompt reinforcement—which effectively addressed the aforementioned barriers.

From the perspective of intervention mechanisms, the strength of FBM lies not only in its emphasis on the “three elements” of behavior execution but also in its ability to simplify behavioral pathways and reduce execution thresholds, thereby facilitating the initiation and maintenance of behaviors (43). In this study, participants in the intervention group engaged in personalized goal setting, used WeChat-based check-in reminders, and received peer support. These strategies improved the accessibility of physical activity, stimulated intrinsic motivation, and enhanced the initiative and sustainability of behavioral engagement in daily life.

In summary, the FBM-based intervention model significantly improved physical activity compliance during both the second and third trimesters among overweight or obese pregnant women, demonstrating strong operability and potential for sustained behavioral change. This model holds considerable promise for broader application in the management of high-risk pregnancies, the development of digital health platforms, and the integration of behavioral intervention modules within maternal and child health systems, enabling more precise and effective prenatal health promotion. Future research should further explore how to optimize behavioral goal setting, provide personalized support, and reinforce triggering mechanisms. It is essential to offer structured physical activity guidance to all overweight or obese women before pregnancy to help increase their engagement in moderate-intensity physical activity.




5 Conclusions

The results of this study demonstrate that an FBM-based intervention significantly improved physical activity among pregnant women with pre-pregnancy overweight or obesity, particularly in controlling gestational weight gain and enhancing adherence to recommended physical activity levels. Future research should further optimize intervention designs by integrating various behavior change theories and exploring more precise and personalized approaches to promote sustained physical activity behaviors and improved health management throughout pregnancy.

Nevertheless, this study has certain limitations. First, all participants were recruited from a single tertiary general hospital located in Henan Province, China. The geographic scope of the sample was relatively narrow, and the study did not adequately capture potential variations across regions with different economic conditions, sociocultural contexts, health literacy levels, and healthcare resource allocations. This regional concentration may limit the generalizability and applicability of the intervention to other populations or settings, thereby constraining the broader external validity of the study findings. Second, although the intervention spanned the entire duration of pregnancy, some outcome indicators in the third trimester showed diminishing between-group differences, suggesting that future interventions should place greater emphasis on adjusting the pacing of intervention delivery and strengthening individualized support mechanisms in late pregnancy.

Therefore, future research should continue to optimize FBM-based intervention strategies while integrating other behavior change theories—such as Self-Determination Theory and the Theory of Planned Behavior—to develop multidimensional, personalized intervention models. It is also recommended that future studies adopt multi-center, cross-regional designs to broaden the participant base and improve the representativeness and generalizability of findings. Such approaches would allow for a more comprehensive evaluation of the applicability, effectiveness, and sustainability of FBM-guided interventions across diverse populations of pregnant women.
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