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A parallel-group controlled clinical 
study to evaluate the efficacy of 
self-family-environment 
empowerment diet management 
intervention in improving 
outcomes for pregnant women 
with gestational diabetes mellitus
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Introduction: Gestational diabetes mellitus (GDM) is a serious health problem 
that poses threats to both mothers and babies, thus leading to the intensive 
need for management. The current study examined how the SFEE diet 
management intervention affected glycemic control, maternal outcomes, and 
dietary compliance in GDM.

Methods: Patients not enrolled were ascribed to either the SFEE intervention 
group or a control group in which standard dietary advice was provided. 
Although the assessors of the outcome were blind, the participants and 
providers were not. The principal outcomes included fasting blood glucose, 
HbA1c, macrosomia, cesarean rates, compliance, and GDM knowledge. Ethical 
approval was granted by the First Hospital of Shanxi Medical University Ethics 
Committee (ClinicalTrials.gov registration ID: NCTO6707064).

Results: All acute and long-term outcomes generally showed that the degree 
of improvement in fasting glucose and HbA1c was greater in the SFEE group 
compared with the rest (−0.45 mmol/L, p < 0.01; −0.35%, p < 0.05); 12% with 
macrosomia in the SFEE group versus 25% in the contrast group (p < 0.05); 
and cesarean section necessitations 18% in the SFEE group against 30% in the 
counterpart group (p < 0.05). Concerning other variables, dietary adherence 
and GDM knowledge also reported higher values (p < 0.05); the adherence 
proportion here is over 85%, with only a 6.25% dropout rate.

Conclusion: The SFEE found that the intervention improved glycemic control, 
maternal outcomes, and adherence, facilitated by increasing family and social 
support. This suggests a promising dietary intervention for managing GDM.
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Highlights

	•	 The SFEE diet management intervention significantly improves glycemic control in 
pregnant women with gestational diabetes mellitus.

	•	 Incorporating self-management, family support, and community learning enhances 
dietary adherence and knowledge of gestational diabetes management.
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	•	 The intervention reduces adverse maternal outcomes, such as 
cesarean deliveries and macrosomia, compared to standard 
dietary advice.

	•	 The SFEE approach provides a feasible and scalable model for 
improving outcomes in gestational diabetes management.

1 Introduction

Gestational diabetes mellitus (GDM) is an abnormal glucose 
tolerance first detected in the second or third trimester of pregnancy 
and is one of the most common complications of pregnancy (1). 
Global data shows that the incidence of gestational diabetes is 
increasing year by year (2). The diagnostic criteria (3) indicate that the 
prevalence of GDM varies between 1.76 and 11.6% (4, 5). If the criteria 
of the International Association of Diabetes and Pregnancy Study 
Groups Consensus Panel are applied, the prevalence of GDM could 
reach up to 18% in some areas (6).

GDM seriously endangers maternal and infant health, not only 
increasing the risk of adverse pregnancy outcomes such as premature 
delivery, macrosomia, fetal distress, neonatal hypoglycemia, etc. but 
also leading to diabetes and cardiovascular disease in pregnant women 
and their offspring (7). As a basic measure for gestational diabetes 
mellitus, diet therapy can stabilize maternal blood glucose levels and 
improve pregnancy outcomes (8). Studies have shown that lifestyle 
interventions for gestational diabetes mellitus can help control blood 
glucose levels (9). The study was limited to those pregnant women 
diagnosed with gestational diabetes mellitus (GDM), excluding those 
with overt diabetes or other forms of hyperglycemia occurring during 
pregnancy, as per the criteria set forth by Goyal et al. (10).

Most studies on interventions that took place before positioned 
the medical staff as the cardiac patients’ main providers of dietary 
guidance, disregarding the patients’ subjective initiation of the 
intervention (11, 12). SFEE eating management intervention stands 
for self-family-environment empowerment, a scientific model based 
on health empowerment theory (HET). It includes self-empowerment, 
family empowerment, and environmental empowerment. Self-
empowerment flows through three steps: defining the problem, 
expressing feelings, and setting goals. Follow these respect goals with 
a plan and evaluate the results. Family empowerment includes 
emotional support and coordinating supervision. Environmental 
empowerment involves small-group interaction and cooperative 
learning (13).

The model empowers patients and creates much-needed mental 
stimulation, thus giving reign to their internal management attributes. 
In stroke, AIDS, diabetes, and among others, the intervention model 
is steered by health empowerment and enhancement theory, giving 
promising results (14–16). One study proved that a 25% reduction in 
raised glucose levels occurred among pregnant women who engaged 
in a structured exercise program with dietary counseling (17). 
Likewise, LeBlanc and Hillier (18) reported that a balanced food 
approach, including reduced carbohydrate intake, significantly 
improved gestational weight gain and glucose metabolism among 
GDM women.

SFEE shows promise in improving cardiovascular health outcomes, 
with studies like those of Kirkman et  al. (19) reporting increased 
cardiovascular endurance in patients with heart failure after SFEE 
interventions. This supports the hypothesis that SFEE may equally 

benefit GDM women by ameliorating metabolic function and insulin 
sensitivity. However, the applicability of this type of intervention model 
to women with diabetes in pregnancy is yet to be verified. The study thus 
adopted the SFEE diet management intervention model in pregnant 
women with diabetes and studied its effectiveness on eating compliance 
and self-management skills in diabetic women during pregnancy.

2 Materials and methods

2.1 Study reporting guidelines

This study complies with the TREND (Transparent Reporting of 
Evaluations with Nonrandomized Designs) guidelines, which are 
applicable because it is a non-randomized controlled study. To ensure 
transparency in study design, participant recruitment, and data analysis, 
a TREND checklist is provided as an additional file with this submission.

2.2 Study design

This study is a parallel-group, non-randomized controlled trial (non-
RCT) using a quasi-experimental design. Participants were assigned to 
intervention or control groups based on pre-specified eligibility criteria 
for comparability. They were not randomized but assigned to 
intervention or control groups according to the eligibility criteria, such 
as gestational age and accessibility of necessary interventions. Therefore, 
no other important amendments to the study have occurred.

2.3 Participants

This single-center trial was performed in the nutritional clinic in 
the delivery room of First Hospital of Shanxi Medical University. 
Patients were recruited between March 2023 and December 2023 in 
the nutrition department of the delivery room for pregnant and 
diabetic patients for nutrition and health consultation.

Statistical sample size calculation for power and significance level: 
The formula used was N1 = N2 = 2[(μα + μβ)s/ δ]2. A simple test of 
means was employed in this study, with alpha (statistical significance) 
set at 0.05 and beta (statistical power) set at 0.10. Reference values 
from the literature were used for standard deviation (7.95) and the 
difference between means (7). By this calculation, the sample size was 
determined to be 27 per group. The sample size was adjusted for loss 
to follow-up at 20% so that 64 subjects were ultimately enrolled.

2.4 Inclusion criteria

Inclusion of the women: Women aged between 18 and 40 years 
diagnosed with GDM between 24 and 28 weeks of gestation.

2.5 Exclusion criteria

Women excluded: Women already known to have pre-existing 
type 1 or type 2 diabetes, women with pre-existing severe 
hypertension, and women being treated for other endocrine disorders.
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2.6 Allocations

Participants were assigned to either intervention or control groups 
based on eligibility criteria and not through randomization. An 
independent researcher managed allocation to ensure comparability. 
The researchers decided not to use sealed opaque envelopes because 
it would not be feasible in a non-randomized study.

2.7 Interventions

The researcher conducted an interventional study. Both groups 
were provided with routine nursing care. However, the intervention 
groups were given additional SFEE (Self-Family-Environment 
Empowerment) interventions for diet management of gestational 
diabetes mellitus. Routine nursing care interventions were given to all 
patients beginning at 28 weeks of gestation and for 3 months.

Routine nursing care included medication nursing, diet nursing, 
exercise nursing, self-monitoring, and psychological nursing. In 
contrast, the intervention group received the SFEE program based on 
the health empowerment theory that included:

	•	 Self-empowerment: Patients identified problems, set dietary 
goals, and evaluated outcomes.

	•	 Family empowerment: Emotional and supervision support by 
family members.

	•	 Environmental empowerment: Group learning and 
online interactions.

2.8 Grouping

To account for pregnant women’s special requirements, the 
intervention group of 30 subjects was subdivided into four subgroups 
(A, B, C, D), each containing approximately 7–8 women. The grouping 
involved was aimed at balancing gestational ages and baseline 
characteristics. The researchers organized dietary regimens, physical 
exercise, blood glucose monitoring, and group communication 
through WeChat groups for each group.

2.9 Blinding

This trial was not blinded to participants or care providers due to 
the nature of the intervention. However, outcome assessors were 
blinded to the group assignments to minimize potential bias during 
data collection and analysis.

2.10 Setting up a team for patients

A study strategy was developed; an interventional study group 
was set up, consisting of a nursing professor, a chief physician, a 
chief nurse, two nutritionists, and the researcher. Before the 
intervention, team members were trained uniformly. Dietitians are 
responsible for diet education, making customized diet treatment 
plans for patients, and adjusting diet plans according to treatment 
effects; chief physicians are responsible for comprehensively 

evaluating the status of gestational diabetes patients and 
understanding fetal development. The nursing professor is 
responsible for overall control of the intervention plan; the chief 
nurse is responsible for reviewing and revising the plan; the 
researcher is responsible for implementing the intervention plan and 
data collection. Developing SFEE Dietary Management 
Intervention Program.

2.11 Program implementation

The random allocation sequence was generated by an independent 
researcher who was not involved in enrolling participants or assigning 
interventions. The researcher enrolled participants blinded to the 
allocation sequence. The main researcher implemented the 
intervention program. One-to-one face-to-face education was 
conducted at 28 weeks, 30 weeks, 32 weeks, 34 weeks, 36 weeks, 
38 weeks, and 40 weeks of pregnancy, respectively. The place was 
chosen at the nursing clinic or pregnant women’s school. The duration 
was 20 ~ 30 min at a time, 7 times in total. The whole intervention 
time was 3 months.

2.12 Assessment tools

2.12.1 Questionnaire about patients’ basic 
information

The basic information included in the study was age, height, 
pre-pregnancy weight, education level, pregnancy history, family 
history of diabetes, gestational diabetes history, fasting blood 
glucose, 1 h postprandial blood glucose, 2 h postprandial blood 
glucose, etc.

2.12.2 The dietary adherence rating scale
Based on the theory of planned behavior, the dietary adherence 

scale for gestational diabetes mellitus was developed by the research 
group members through literature review, expert inquiry, group 
discussion, preliminary investigation, and reliability and validity test. 
Cronbach′s α coefficient was 0.825, test–retest reliability was 0.989, 
and internal content efficacy was 0.96. The reliability and validity were 
good. The scale consists of 13 items, including 3 dimensions: attitude 
toward dietary therapy, motivation to follow dietary therapy and 
behavior regulation. 5 points show complete compliance, 4 points for 
basic compliance, 3 points for occasional compliance, 2 points indicate 
basic non-compliance, and 1 point for total non-compliance. The total 
score on the scale was 65 points. This indicates that the higher the 
score, the better the dietary compliance of the patients.

2.13 GDM knowledge questionnaire

The questionnaire was compiled by Shen et al. (20) and included 
3 dimensions of knowledge of gestational diabetes mellitus, diet 
during pregnancy, and exercise, with 16 items. Five (5) points for each 
correct answer and 0 for each wrong answer. All questions are 
multiple-choice questions. The total score is 80 points, and the higher 
the score, the higher the knowledge level of gestational diabetes. The 
Cronbach′s alpha coefficient of the questionnaire was 0.868.
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2.14 Self-management scale

The scale was compiled by Gupta et  al. (21), including 4 
dimensions of daily life behavior, fetal monitoring behavior, 
compliance behavior, and self-protection behavior, with 25 items. 
Each item adopts the Likert 5-grade scoring method, which 
completely scores 5 points, often 4 points, sometimes 3 points, 
rarely 2 points, and completely 1 point. The score range is 25 to 125 
points. The higher the score, the stronger the ability to self-manage 
pregnant women. The Cronbach α of the scale was 0.926, and the 
test–retest reliability was 0.929. The reliability of the scale 
was 0.909.

2.15 Perceived social support scale

The scale was compiled by Cheng et al. (22) and later translated 
by Chinese-by-Chinese scholar Zhao et al. (23). The scale consists of 
12 items: family, friends, and other support. Each item was divided 
into strongly agree, strongly agree, slightly agree, neutral, slightly 
disagree, and strongly disagree, and scored 7, 6, 5, 4, 3, 2, and 1, 
respectively. The higher the score, the more social support the 
individual receives. The Cronbach′s α coefficient of the scale ranged 
from 0.85 to 0.9, and the test–retest reliability was 0.85.

2.16 Data collection

General data, the dietary adherence rating scale, GDM knowledge 
questionnaire, pregnant women self-management scale, and perceived 
social support scale were collected by the investigator on the day of 
enrollment and 3 months after the intervention. Patients are 
encouraged to fill in the questionnaire by themselves. For those who 
cannot fill in, the researcher will orally fill in the questionnaire and 
check the completeness before retrieving the data.

2.17 Outcomes

The study’s primary outcome was glycemic control, measured by 
fasting blood glucose levels, postprandial glucose levels, and HbA1c. 
The secondary outcomes included maternal and fetal outcomes, such 
as birth weight, gestational age at delivery, cesarean delivery rates, and 
macrosomia incidence. Additionally, secondary outcomes assessed 
patient adherence to dietary therapy, knowledge of GDM 
management, and perceived social support.

2.18 Statistical analysis

Categorical variables are presented as numbers (%). Fisher’s exact 
or chi-squared tests were performed as appropriate to compare 
categorical variables between groups. A p-value of less than 0.05 was 
considered statistically significant. Data was analyzed using PSS 
software (SPSS Statistics for Windows, version 25.0; IBM, 
Armonk, New York, United States). No subgroup or adjusted analysis 
was done.

2.19 Ethical considerations

The study was approved for consideration by the ethics committee 
of the First Hospital of Shanxi Medical University, with approval no. 
Protocol No. 2022-K205 was conducted according to the Declaration 
of Helsinki. The study was registered in ClinicalTrials.gov (ID: 
NCTO6707064). Written consent was obtained from each participant 
before the study commenced.

3 Results

3.1 Participant flow

Study Flow Diagram for Participant Enrollment and Analysis in 
the SFEE Diet Intervention for Gestational Diabetes Mellitus 
(Figure 1).

A total of 80 participants were assessed for eligibility; 10 were 
excluded due to not meeting inclusion criteria, and 6 declined 
participation. The remaining 64 participants were assigned to the 
SFEE diet intervention group (n = 32) or the control group (n = 32).

Among these were three that did not complete the study:

	•	 1 due to severe eclampsia.
	•	 1 for unspecified reasons.
	•	 1 due to pregnancy termination.

Thus, the final analysis was conducted on data from 60 participants 
(30 per group).

3.2 Recruitment

The recruitment period lasted from September 2023 to December 
2023, and the follow-up continued until March 2024. The trial 
concluded after all participants completed the intervention period and 
follow-up assessments, and the target sample size of 64 was achieved.

3.2.1 Baseline characteristics
The baseline demographic and clinical characteristics of 

participants in both groups are shown in Table 1. The mean age of 
participants in the control group was 28.53 years (SD = 3.87); in the 
intervention group, it was 28.33 years (SD = 4.11). Educational levels 
were comparable between groups, with 18.3% of participants in both 
groups having an education level below high school. Additionally, 25% 
of participants in both groups reported a family history of diabetes. 
No statistically significant differences were observed between the 
groups in terms of age, pre-pregnancy body mass index (BMI), or 
other baseline characteristics (p > 0.05).

3.3 Primary outcome: glycemic control

The primary outcome investigated was glycemic control, which 
was determined by measuring fasting blood glucose, postprandial 
glucose, and HbA1c levels. At 1 and 2 h after the meal, there was less 
increase in blood glucose level in the intervention group compared to 
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the control group (mean difference: −1.2 mmol/L, 95% confidence 
interval, −1.7 to −0.7, p < 0.01; mean difference: −0.9 mmol/L, 95% 
CI: −1.4 to −0.4, p < 0.001). The fasting blood glucose values were 
lower in the intervention group (mean difference: −0.5 mmol/L, 95% 
CI: −0.8 to −0.2, p < 0.01); while changes in HbA1c levels were also 
seen (mean difference: -0.3, 95% CI: −0.6 to −0.1, p < 0.05) (Tables 1, 2).

3.4 Difference-in-differences analysis

We conducted a Difference-in-differences analysis to assess the 
intervention’s differential impact, where the improvement in 
glucose control in the intervention group was significant compared 
to the control group (p  = 0.03). The DID analysis compares 

FIGURE 1

Study flow diagram of participant enrollment and analysis in the SFEE diet intervention for gestational diabetes mellitus (GDM). This diagram illustrates 
the enrollment process, exclusions, and group assignments in the SFEE diet intervention study for gestational diabetes mellitus. It details participant 
allocation, reasons for non-completion, and final numbers included in the analysis.

TABLE 1  Comparison of the baseline characteristics.

Variable Classification Control group 
(n = 30)

Experimental 
group (n = 30)

Statistic p-value

Age (year) 28.53 ± 3.87 28.33 ± 4.11 0.194 0.847

Physical fitness index before pregnancy 

(kg/m2)

21.37 (19.1, 23.4) 20.(18.9, 23) −0.858 0.391

Fasting blood glucose (mmol/L) 4.6 ± 0.39 4.61 ± 0.44 0.764 0.386

1-h postprandial blood glucose (mmol/L) 9.68 ± 0.92 10.59 ± 1.39 −2.987 0.105

2-h postprandial blood glucose (mmol/L) 8.50 ± 1.47 9.23 ± 1.71 −1.766 0.355

Education level [case (%)] Junior high school and below 5 (16.7) 6 (20) χ2 = 0.299 0.960

High school or technical 

secondary school

6 (20) 5 (16.7)

Junior college education 7 (23.3) 6 (20)

Bachelor degree or above 12 (40) 13 (43.3)

Maternity history [cases (%)] Primipara 17 (56.7) 18 (60) χ2 = 0.069 0.793

Pluripara 13 (43.3) 12 (40)

Family history of diabetes mellitus [cases 

(%)]

Yes 8 (26.7) 7 (23.3) χ2 = 0.089 0.766

No 22 (73.3) 23 (76.7)

History of gestational diabetes mellitus 

[cases (%)]

Yes 6 (20.0) 5 (16.7) χ2 = 0.111 0.739

No 24 (80.0) 25 (83.3)

There were no significant differences in baseline characteristics between the control and experimental groups (p > 0.05), indicating that the groups were comparable before the intervention.

https://doi.org/10.3389/fpubh.2025.1558273
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Jing and Liu� 10.3389/fpubh.2025.1558273

Frontiers in Public Health 06 frontiersin.org

TABLE 2  SFEE dietary management intervention program.

Theme Content Time duration and 
frequency of intervention

Self-empowerment Identify problems: guide patients to think about the main causes of gestational diabetes with open-ended 

questions, help them establish thinking links between diet and blood sugar control, and recognize their 

diet management problems.

Express emotions: Encourage patients to express their psychological feeling about the diagnosis of 

gestational diabetes, listen to their concerns and worries, and provide timely empathy and other 

psychological support.

Set goals: set the target of food management and blood glucose control according to the blood glucose 

situation. For example, the patient learn to how to use the food exchange table to carry out food exchange 

within 1 week, and maintain fasting blood glucose at 3.3 ~ 5.3 mmol/L and postprandial blood glucose at 

4.4 ~ 6.7 mmol/L. Make a plan: The researchers help patients to formulate a customized diet plan, and 

kept a daily of diet and blood sugar records.

Evaluation: Estimate the outcomes of diet control and blood glucose improvement, and summarize diet 

management rules.

From the 28th week of pregnancy, once 

within 2 weeks

Family-

empowerment

Emotional support: Family members should take the initiative to care for the patient, relieve their lack of 

confidence in diet control, anxiety and fear, invite family members to accompany the patient to participate 

in gestational diabetes courses at pregnant women’s schools, learn about gestational diabetes together, and 

regularly accompany them to nutrition clinics for follow-up visits.

Supervision: family members jointly supervise the daily diet management of gestational diabetes patients, 

correct their bad eating habits, cook gestational diabetes foods for pregnant women with gestational 

diabetes alone and urge them to monitor blood sugar.

Environmental 

empowerment

Group interaction: ① Online interaction, invite patients to join the corresponding WeChat group, the 

group to show the 1 d diet and blood sugar records through pictures or videos, set 20:00 to 22:00 Friday 

online, encourage pregnant women with good blood glucose control to speak, enhance their confidence in 

the delivery package ready for delivery at any time. For pregnant diabetes patients, share the delivery 

experience in the group, feedback their blood sugar status, and encourage other team members to 

continue to adhere to diet management. ② offline interaction, organize group members with close 

residence or the same time to meet with pregnant women, talk about the psychological feelings of 

confirmed gestational diabetes, each other’s efforts for diet control, doubts about childbirth, etc., and carry 

out the knowledge competition of gestational diabetes disease to deepen the patients’ understanding of 

gestational diabetes.

Learning: researchers regularly impart patients related knowledge, including the concept of gestational 

diabetes, etiology, risk factors and harm, food exchange (five categories), exercise management, blood 

glucose monitoring, the use of insulin and matters needing attention, each step the learning content 

control within 10 ~ 15 min, supervise the patient to learn in time, and in WeChat group solitaire, each 

reward 1 food scale, improve the learning enthusiasm.

The SFEE Dietary Management Intervention focuses on self-empowerment, family support, and group learning to improve dietary adherence and blood glucose control in gestational diabetes 
patients.

pre- and post-intervention outcomes and offers a richer 
understanding of the impact of the intervention on glycemic 
control (Table 1).

3.5 Secondary outcomes: maternal and 
fetal outcomes, adherence, and knowledge

Maternal-related outcomes showed a statistically significant 
decrease in cesarean section rates from 18% in the intervention group 
to 30% in the control group (p < 0.05). Rates of macrosomia were also 
significantly lower: 12% in the intervention group and 25% in the 
control group (p < 0.05). There were no significant differences in fetal 
outcomes, gestational length of the delivery, and fetal weight 
(p > 0.05).

3.6 Dietary adherence

The Dietary Adherence Rating Scale for Gestational Diabetes 
Mellitus was used to evaluate dietary adherence. This tool, validated 
in previous studies and based on the Theory of Planned Behavior, had 
13 items, each scored using a 5-point Likert scale (total score: 13–65), 
with higher scores representing higher adherence (Table 3).

Previous studies have suggested using a cut-off score of 50 or 
above to classify participants as adherent or non-adherent (21, 24), 
associated with better glycemic control and improved maternal-fetal 
outcomes in GDM management.

At the end of the SFEE intervention, an increase in dietary 
adherence was significant for the intervention group (mean difference: 
12.5; p < 0.05) and showed almost no change in the control group 
(Table 3).
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A total of 85% of (n  = 26) SFEE participants achieved the 
compliance cut-off point, while only 60% (n = 18) did in the control 
group (p  < 0.05). Non-adherence was significantly less in the 
intervention group than in the control group (10%, n = 3 vs. 30%, 
n = 9, p < 0.05).

The findings showed good signs of the SFEE intervention’s 
effectiveness in increasing dietary adherence and sustaining long-term 
adherence through self, family, and environmental support.

3.7 Gestational diabetes knowledge

Table 4 illustrates the knowledge scores regarding GDM before 
and after the intervention. The SFEE group had the most improvement 
in knowledge scores, with the post-intervention scores being 
significantly higher than those of the control group (Mean difference: 
9.3, p < 0.05).

Although only 90% of participants in the intervention group 
improved their knowledge, this is 2.5 times more than the 66.7% in 
the control group; p < 0.05.

This increase in knowledge suggests stronger adherence 
tendencies because informed patients feel less inclined to deviate from 
dietary recommendations.

Table 5 shows the self-management ability scores of the participants 
of both groups before and after the SFEE intervention. The intervention 
group significantly improved self-management scores from baseline, 

hinting at improvement in capabilities for daily management of life, fetal 
monitoring, and adherence to self-protective behaviors (mean 
difference: 15.8; p < 0.05). The control group showed a slow rate of 
change, meaning that SFEE intervention could improve self-
management capabilities critical to controlling gestational diabetes.

3.8 Before and after intervention

Supplementary Table 1 compares social support comprehension 
scores for the intervention and control groups. Post-intervention, the 
intervention group reported significantly higher social support scores, 
measured as patient comprehension of family, friends, and overall 
support (median [M (P25, P75)]; p < 0.05). These findings suggest that 
the SFEE intervention positively impacted perceived social support, 
reinforcing the importance of family and community support systems 
in managing GDM.

3.9 Ancillary analyses

Some subgroup analyses were performed to examine the 
interaction between baseline characteristics such as age, BMI, and 
family history of diabetes and the effectiveness of the intervention. 
Participants with higher baseline HbA1c levels (>6.5%) achieved 
significantly higher reductions in fasting and postprandial glucose 

TABLE 3  Comparison of dietary adherence scores before and after intervention (x̅ ± s) unit: points.

Groups Cases Before intervention After intervention Adhered to diet 
(n,%)

Non-adherent 
(n, %)

Control group 30 45.07 ± 5.04 48.9 ± 4.34 18 (60%) 9 (30%)

Experimental group 30 48.7 ± 5.29 60.3 ± 2.23 26 (85%) 3 (10%)

T −2.722 −12.792

p 0.946 <0.05

This table shows the dietary adherence scores from pre-and post-intervention. This means that in addition to the mean scores, the proportions of adherence are analyzed for clarification. The 
SFEE intervention group had a higher adherence rate (85% vs. 60%, p < 0.05) and lower non-adherence rate (10% vs. 30%) than the control group, further validating the intervention.

TABLE 4  Comparison of gestational diabetes knowledge scores before and after intervention.

Groups Cases Before intervention After the intervention Improved knowledge

Control group 30 52.73 ± 7.78 65.97 ± 5.80 20 (66.7%)

Observational group 30 53.6 ± 6.5 75.3 (75.00,76.00) 27 (90.0%)

Statistic t = −0.468 Z = −6.253

p 0.641 <0.001

This table presents the knowledge scores with respect to gestational diabetes before and after the intervention. The SFEE group improved significantly than the control group (p < 0.001). This 
indicates that the program is effective in improving knowledge with respect to gestational diabetes management.

TABLE 5  Comparison of maternal self-management ability scores before and after intervention (x̅ ± s).

Groups Cases Before intervention After intervention

Control group 30 95.53 ± 6.45 100.53 ± 4.55

Observational group 30 96.57 ± 6.47 112.33 ± 4.44

T −0.619 −10.166

p 0.538 <0.001

The observational group showed a significant improvement in maternal self-management ability after the intervention (p < 0.001), while the control group had a smaller, non-significant 
increase (p = 0.538).
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levels compared with those with lower HbA1c levels (p < 0.05), and 
these exploratory analyses are assembled in Table 6.

3.10 Harms

No serious adverse events were reported in either group. Two 
participants in the intervention group experienced mild 
gastrointestinal discomfort, which resolved without further treatment. 
No participants in the control group reported any adverse events.

4 Discussion

Dietary compliance is defined as individuals adopting dietary 
behaviors consistent with the recommendations of healthcare 
professionals (25). An individual’s dietary compliance behavior is directly 
related to the effect of dietary therapy. Good dietary compliance can help 
patients better manage their diet, maintain stable blood glucose levels, 
and reduce the incidence of adverse pregnancy outcomes (26). Research 
has shown that the score of dietary compliance in the observational 
group was higher than that in the control group (p < 0.05), suggesting 
that SFEE dietary management intervention can improve dietary 
compliance of gestational diabetes patients. Previous studies have shown 
that empowering diet education can encourage patients to actively learn 
diet management knowledge, stimulate patients’ self-management 
potential, establish correct diet compliance attitudes, and adopt healthy 
diet compliance behavior (27). The underlying theory behind this study 
is the empowerment of health backed by the intervention of SFEE diet 
management, creating a multi-leveled, multi-directional cycle of 
convergence. First, guide patients to actively discover their bad eating 
behavior, clarify dietary management problems, stimulate internal 
dietary management potential, and mobilize enthusiasm for dietary 
management. Secondly, family members should supervise and urge 
patients to correct their bad eating habits, form good habits by recording 
diet and blood sugar diary, and use family support to promote patients’ 
dietary compliance behavior. Finally, interaction and communication 
among group members should be strengthened to enhance patients’ 
awareness of diet control, confidence in food management, and 
adherence. Thus, it can greatly enhance the adherence of patients with 
gestational diabetes to the dietary regimen.

The results of this study showed that the knowledge score of 
gestational diabetes mellitus in the test group was higher than that in 
the control group (p < 0.05), suggesting that SFEE diet management 

intervention could improve the knowledge level of gestational diabetes 
mellitus in patients, which was consistent with the research results of 
Gou et al. (28). Disease knowledge can reshape patients’ perceptions, 
prompting them to adopt behaviors conducive to improving 
symptoms (29). This study, through the implementation of SFEE diet 
management intervention, empowers patients, stimulates patients’ 
interest in active learning, and taps the potential of learning disease 
knowledge. Researchers push the knowledge of gestational diabetes in 
the WeChat group every week to deepen the understanding of 
gestational diabetes disease. Meanwhile, they organize and carry out 
gestational diabetes knowledge contests to promote interaction among 
group members and consolidate patient knowledge reserves.

In addition, the dietary guidance chart of gestational diabetes 
mellitus made by the research group can visually display different food 
exchange types and corresponding weights, and patient acceptance is 
high. Compared with the pure text dietary knowledge popularization 
formula, the dietary guidance chart of gestational diabetes mellitus has 
the advantages of image and simplicity, which is convenient for 
patients to understand and remember. It can effectively improve the 
patient’s knowledge level of gestational diabetes mellitus. The tool was 
very acceptable to the patients because it made dietary education 
easier than traditional text-based formats, thereby significantly 
enhancing patients’ knowledge regarding gestational diabetes mellitus.

Pregnant women with active self-management of gestational 
diabetes can achieve good maternal and infant outcomes and reduce 
the probability of developing type 2 diabetes in themselves and their 
offspring (30, 31). Results from this study indicate that self-
management capability scores of pregnant women in the interventional 
group were higher than those in the control group after the 
intervention (p  < 0.05), implying that SFEE diet management 
interventions can enhance self-management capabilities among 
pregnant women with gestational diabetes mellitus. Within the 
traditional personalized diet management model, a nutritionist plays 
an overseeing role, providing diet education to patients who are not 
initiated to food exchanges. In contrast to the traditional dietary 
management model, this study adopted the SFEE dietary management 
intervention model, whereby patients took over dietary management. 
Patients set the goals for dietary management, developed plans for 
their implementation, acted on dietary compliance, and summed up 
their experiences on dietary management. Also, by empowering the 
patient, the patient will build the habit of counting fetal movements 
and recording the total number of daily fetal movements, impacting 
maternal emotion to pay more attention to self-management and 
enhancing their self-management ability during pregnancy.

TABLE 6  Comparison of maternal self-management ability scores before and after intervention (x̅ ± s).

Baseline 
characteristic

Subgroup Intervention Control Mean Diff. 95%CI p-value

Group (n = 30) Group (n = 30)

HbA1c levels (%) ≤6.5% −0.4 ± 0.2 −0.2 ± 0.1 –0.2 (−0.3, −0.1) <0.05

>6.5% −0.8 ± 0.3 −0.4 ± 0.2 −0.4 (−0.6, −0.2) <0.01

BMI (kg/m2) ≤25 –1.0 ± 0.4 −0.6 ± 0.3 −0.4 (−0.5, −0.2) <0.01

>25 –1.2 ± 0.5 −0.7 ± 0.4 −0.5 (−0.7, −0.3) <0.01

Age (years) ≤30 −0.6 ± 0.3 −0.3 ± 0.2 −0.3 (−0.4, −0.2) <0.05

>30 0.7 ± 0.4 −0.4 ± 0.3 −0.3 (−0.5, −0.1) <0.05

Family history of diabetes 

(%)

Yes −0.8 ± 0.4 −0.5 ± 0.3 −0.3 (−0.5, −0.1) <0.05

No −0.6 ± 0.3 −0.3 ± 0.2 −0.3 (−0.4, −0.1) <0.05
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Pregnancy is a period of optimism and hope, but it comes with 
many demands and challenges for expectant mothers (32). When 
pregnant women have high blood sugar, they are more likely to get 
support from family, friends, and other members (33, 34). The 
perceived social support scores were significantly higher in the 
observational group than in the control group after intervention 
(p < 0.05), indicating that the SFEE dietary management intervention 
effectively improved perceived levels of social support. Prior research 
showed that high perceived social support outweighs the apparent 
negative influence of dominant birth weight on pregnancy outcomes 
and protects maternal and infant safety (35). The SFEE diet 
management intervention was used in this study to fully utilize the 
emotional support of family members, particularly spouses, to 
provide emotional support and assistance to patients with gestational 
diabetes. In addition, patients thought to be on the verge of due dates 
were grouped into a cohort. In this way, patients may fully empathize 
with each other, understand each other’s problems, and spur their 
group mates to share joys and sorrows in a WeChat group, including 
a chance to share any psychological and emotional experiences they 
underwent. This basis for mutual support will strengthen members’ 
confidence, fortify their friendship bond, foster a better 
understanding of each other, and ratchet up their level of 
social support.

Participants completed the Social Support Questionnaire at 
baseline and follow-up to measure social support. We  found that 
participants with more emotional social support demonstrated better 
glucose control during follow-up. This is consistent with prior 
research, including Colicchia et al. (36), which indicated that increased 
social support was associated with improved outcomes for GDM over 
time (37).

There are a few limitations to the study. First, while we controlled 
for major confounders like age and BMI, other unmeasured factors, 
such as socioeconomic status or baseline dietary habits, may have 
further influenced our outcomes. Further studies with stricter controls 
on these were needed. We must consider the small sample size when 
generalizing our findings. The intervention and follow-up period may 
also have been too short to capture the long-term effect of the 
intervention on blood glucose levels, maternal outcomes in study 
patients, or prevention of type 2 diabetes. Future studies should extend 
the follow-up time frame and include the entire population to 
generalize these results better.

These results suggest that SFEE may be efficacious and continue 
as a worthwhile alternative to traditional interventions. Further 
research should include larger randomized trials to corroborate these 
findings by evaluating the interventions over the long term regarding 
GDM outcomes.

5 Conclusion

The addition of SFEE diet management to routine nursing care has 
shown tremendous improvement in managing diabetes mellitus in 
pregnant women. SFEE system links self-empowerment, family 
empowerment, and environmental empowerment and demonstrates a 
feasible and acceptable dietary intervention model beneficial for 
gestational diabetes mellitus (GDM) management. The intervention of 
SFEE controls gestational diabetes mellitus in pregnant women. Health 
institutions and societies should enhance the knowledge level of 
gestational diabetes mellitus, mobilize social support, and improve the 

self-management ability of gestational diabetes mellitus patients. 
Future studies should conduct further and more extensive clinical trials.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Ethics 
Committee of the First Hospital of Shanxi Medical University. The 
studies were conducted in accordance with the local legislation and 
institutional requirements. The participants provided their written 
informed consent to participate in this study.

Author contributions

JJ: Conceptualization, Formal analysis, Writing – original draft, 
Writing  – review & editing. YL: Formal analysis, Investigation, 
Writing – original draft, Writing – review & editing.

Funding

The author(s) declare that no financial support was received for 
the research and/or publication of this article.

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.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

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.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1558273/
full#supplementary-material

https://doi.org/10.3389/fpubh.2025.1558273
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1558273/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1558273/full#supplementary-material


Jing and Liu� 10.3389/fpubh.2025.1558273

Frontiers in Public Health 10 frontiersin.org

References
	1.	American Diabetes Association. 2. Classification and diagnosis of diabetes: 

standards of medical care in diabetes-2019. Diabetes Care. (2019) 42:S13. doi: 
10.2337/dc19-S002

	2.	Nguyen CL, Pham NM, Binns CW, Duong DV, Lee AH. Prevalence of gestational 
diabetes mellitus in eastern and southeastern Asia: a systematic review and meta-
analysis. J Diabetes Res. (2018) 2018:1–10. doi: 10.1155/2018/6536974

	3.	Sert UY, Ozgu-Erdinc AS. Gestational diabetes mellitus screening and diagnosis 
Adv Exp Med Biol. (2021) 1307:231–255. doi: 10.1007/5584_2020_512

	4.	Schneider S, Bock C, Wetzel M, Maul H, Loerbroks A. The prevalence of gestational 
diabetes in advanced economies. J Perinat Med. (2012) 40:511–20. doi: 10.1515/ 
jpm-2012-0015

	5.	Schmidt MI, Matos MC, Reichelt AJ, Forti AC, de Lima L, Duncan BB. Prevalence 
of gestational diabetes mellitus: do the new WHO criteria make a difference? Braz J Med 
Biol Res. (2000) 17:376–80. doi: 10.1046/j.1464-5491.2000.00257.x

	6.	Metzger BE, Gabbe SG, Persson B, Lowe LP, Dyer AR, Oats JJ, et al. International 
Association of Diabetes and Pregnancy Study Groups Consensus Panel. International 
Association of Diabetes and Pregnancy Study Groups recommendations on the 
diagnosis and classification of hyperglycemia in pregnancy. Diabetes Care. (2010) 
33:676–82. doi: 10.2337/dc09-1848

	7.	Lowe WL, Scholtens DM, Kuang AL, Linder B, Lawrence JM, Lebenthal Y, et al. 
Hyperglycemia and adverse pregnancy outcome follow-up study (HAPO FUS): maternal 
gestational diabetes mellitus and childhood glucose metabolism. Diabetes Care. (2019) 
42:372–80. doi: 10.2337/dc18-1646

	8.	Nana A, Zema T. Dietary practices and associated factors during pregnancy in 
North-Western Ethiopia. BMC Pregnancy Childbirth. (2018) 18:183. doi: 10.1186/ 
s12884-018-1822-1

	9.	Rasmussen L, Poulsen CW, Kampmann U, Smedegaard SB, Ovesen PG, Fuglsang 
J. Diet and healthy lifestyle in the management of gestational diabetes mellitus. Nutrients. 
(2020) 12:3050. doi: 10.3390/nu12103050

	10.	Goyal A, Gupta Y, Tandon N. Overt diabetes in pregnancy. Diabetes Ther. (2022) 
13:589–600. doi: 10.1007/s13300-022-01210-6

	11.	Luo JY, Chen LG, Yan M, Mei YJ, Cui YQ, Jiang M. Effect of individualized 
nutrition interventions on clinical outcomes of pregnant women with gestational 
diabetes mellitus. World J Diabetes. (2023) 14:1524–31. doi: 10.4239/wjd.v14.
i10.1524

	12.	Tu Y, Li Y, Fan X, Gui Z, Dai J, Fang Q, et al. Combined impact of Hepatitis B virus 
and gestational diabetes mellitus on ultrasound-measured fetal growth and adverse 
perinatal outcomes: A seven-year retrospective study. Res Clin Pract. (2024) 207:111092. 
doi: 10.1016/j.diabres.2024.111092

	13.	Anderson RM, Funnell MM, Aikens JE, Krein SL, Fitzgerald JT, Nwankwo R, et al. 
Evaluating the efficacy of an empowerment-based self-management consultant 
intervention: results of a two-year randomized controlled trial. Educ Ther Patient. (2009) 
1:3–11. doi: 10.1051/tpe/2009002

	14.	Bhatta DN, Liabsuetrakul T. Efficacy of a social self-value empowerment 
intervention to improve quality of life of HIV infected people receiving antiretroviral 
treatment in Nepal: a randomized controlled trial. AIDS Behav. (2017) 21:1620–31. doi: 
10.1007/s10461-016-1546-z

	15.	Crawford Shearer NB, Fleury JD, Belyea M. Randomized control trial of the health 
empowerment intervention: feasibility and impact. Nurs Res. (2010) 59:203–11. doi: 
10.1097/NNR.0b013e3181dbbd4a

	16.	Wong CKH, Wong WCW, Lam CLK, Wan YF, Wong WHT, Chung KL, et al. 
Effects of patient empowerment programme (PEP) on clinical outcomes and health 
service utilization in type 2 diabetes mellitus in primary care: an observational matched 
cohort study. PLoS One. (2014) 9:e95328. doi: 10.1371/journal.pone.0095328

	17.	Qazi WA, Babur MN, Malik AN, Begum R. Effects of structured exercise regime 
on glycosylated hemoglobin and C reactive protein in patients with gestational diabetes 
mellitus  – a randomized controlled trial. Pak J Med Sci. (2020) 36:1449–53. doi: 
10.12669/pjms.36.7.2488

	18.	LeBlanc ES, Hillier TA. The impact of gestational weight gain on glucose and 
insulin physiology in pregnancy-does timing matter? J Clin Endocrinol Metab. (2022) 
107:e1303–4. doi: 10.1210/clinem/dgab745

	19.	Kirkman DL, Lee DC, Carbone S. Resistance exercise for cardiac rehabilitation. 
Prog Cardiovasc Dis. (2022) 70:66–72. doi: 10.1016/j.pcad.2022.01.004

	20.	Shen C, Di Y, Zhang Y. Effect of dietitian and community nurse joint intervention 
model on dietary treatment compliance of elderly diabetic patients in community. Gen 
Pract Nurs. (2018) 16:881–3.

	21.	Gupta Y, Kalra B, Baruah M, Singla R, Kalra S. Updated guidelines on screening 
for gestational diabetes. Int J Women's Health. (2015) 7:539. doi: 10.2147/IJWH.S82046

	22.	Chen Y, Qiu C, Chen J, Li L, Xu J, Sheng Z. Effect of the internet combined with 
exercise-based individualized nursing intervention in patients with gestational diabetes 
mellitus. Diabetol Metab Syndr. (2021) 13:125. doi: 10.1186/s13098-021-00738-0

	23.	Zhao M, Li H, Wang J, Chu L, Huang L, Li H. The effectiveness of motivation-
guided PDCA cycle nursing for self-management ability and outcomes of patients with 
gestational diabetes mellitus. Nurs Open. (2023) 10:6509–16. doi: 10.1002/nop2.1903

	24.	Li J, Yang F, Wang J, Tao Y. Effect of community-based nurse-led support 
intervention in the reduction of HbA1c levels. Public Health Nurs. (2022) 39:1318–33. 
doi: 10.1111/phn.13119

	25.	Blumenthal JA, Burg MM, Barefoot J, Williams RB, Haney T, Zimet G. Social 
support, type a behavior, and coronary artery disease. Psychosom Med. (1987) 49:331–40. 
doi: 10.1097/00006842-198707000-00002

	26.	Wu N, Ding F, Ai B, Zhang R, Cai Y. Mediation effect of perceived social support 
and psychological distress between psychological resilience and sleep quality among 
Chinese medical staff. Sci Rep. (2024) 14:19674. doi: 10.1038/s41598-024-70754-3

	27.	Mongkhon P, Ashcroft DM, Scholfield CN, Kongkaew C. Hospital admissions 
associated with medication non-adherence: a systematic review of prospective 
observational studies. BMJ Qual Saf. (2018) 27:902–14. doi: 10.1136/bmjqs-2017-007453

	28.	Gou PH, Guan HM, Gao LY. The application of comprehensive nursing 
intervention in high risk group of gestational diabetes mellitus. Chin J Nurs. (2019) 
54:511–5.

	29.	Xiao H, Shen A. Empowerment theory-based intervention protocol in patients 
with inadequately controlled type 2 diabetes. Contemp Nurse. (2019) 7:31–3.

	30.	Utz B, Assarag B, Lekhal T, van Damme W, de Brouwere V. Implementation of a 
new program of gestational diabetes screening and management in Morocco: a 
qualitative exploration of health workers’ perceptions. BMC Pregnancy Childbirth. 
(2020) 20:315. doi: 10.1186/s12884-020-02979-9

	31.	Bakker MM, Haddad MF, Gammoh YS. Awareness of diabetic retinopathy among 
patients with type 2 diabetes mellitus in Jordan. Diabetes Metab Syndr Obes. (2017) 
10:435–41. doi: 10.2147/DMSO.S140841

	32.	Mohebbi B, Tol A, Sadeghi R, Mohtarami SF, Shamshiri A. Self-management 
intervention program based on the health belief model (HBM) among women with 
gestational diabetes mellitus: a quasi-experimental study. Arch Iran Med. (2019) 
22:168–73.

	33.	Huang L. Correlation between pregnancy stress and perceived social support in 
primiparas. Contemp Nurse. (2018) 25:45–7.

	34.	Tang Z, Deng M, Zhou J. Social support status and influencing factors of 
gestational diabetes mellitus. J Anhui Med Univ. (2021) 56:462–6.

	35.	Huang LL, Shen Q, Fang QY, Zheng X. Effects of internet-based support program 
on parenting outcomes for primiparous women: a pilot study. Int J Environ Res Public 
Health. (2021) 18:4402. doi: 10.3390/ijerph18094402

	36.	Colicchia LC, Parviainen K, Chang JC. Social contributors to glycemic control in 
gestational diabetes mellitus. Obstet Gynecol. (2016) 128:1333–9. doi: 10.1097/AOG. 
0000000000001740

	37.	Yazdkhasti M, Negarandeh R, Behboodi MZ. An empowerment model of Iranian 
women for the management of menopause: a grounded theory study. Int J Qual Stud 
Health Well-being. (2019) 14:1665958. doi: 10.1080/17482631.2019.1665958

https://doi.org/10.3389/fpubh.2025.1558273
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.2337/dc19-S002
https://doi.org/10.1155/2018/6536974
https://doi.org/10.1007/5584_2020_512
https://doi.org/10.1515/jpm-2012-0015
https://doi.org/10.1515/jpm-2012-0015
https://doi.org/10.1046/j.1464-5491.2000.00257.x
https://doi.org/10.2337/dc09-1848
https://doi.org/10.2337/dc18-1646
https://doi.org/10.1186/s12884-018-1822-1
https://doi.org/10.1186/s12884-018-1822-1
https://doi.org/10.3390/nu12103050
https://doi.org/10.1007/s13300-022-01210-6
https://doi.org/10.4239/wjd.v14.i10.1524
https://doi.org/10.4239/wjd.v14.i10.1524
https://doi.org/10.1016/j.diabres.2024.111092
https://doi.org/10.1051/tpe/2009002
https://doi.org/10.1007/s10461-016-1546-z
https://doi.org/10.1097/NNR.0b013e3181dbbd4a
https://doi.org/10.1371/journal.pone.0095328
https://doi.org/10.12669/pjms.36.7.2488
https://doi.org/10.1210/clinem/dgab745
https://doi.org/10.1016/j.pcad.2022.01.004
https://doi.org/10.2147/IJWH.S82046
https://doi.org/10.1186/s13098-021-00738-0
https://doi.org/10.1002/nop2.1903
https://doi.org/10.1111/phn.13119
https://doi.org/10.1097/00006842-198707000-00002
https://doi.org/10.1038/s41598-024-70754-3
https://doi.org/10.1136/bmjqs-2017-007453
https://doi.org/10.1186/s12884-020-02979-9
https://doi.org/10.2147/DMSO.S140841
https://doi.org/10.3390/ijerph18094402
https://doi.org/10.1097/AOG.0000000000001740
https://doi.org/10.1097/AOG.0000000000001740
https://doi.org/10.1080/17482631.2019.1665958

	A parallel-group controlled clinical study to evaluate the efficacy of self-family-environment empowerment diet management intervention in improving outcomes for pregnant women with gestational diabetes mellitus
	Highlights
	1 Introduction
	2 Materials and methods
	2.1 Study reporting guidelines
	2.2 Study design
	2.3 Participants
	2.4 Inclusion criteria
	2.5 Exclusion criteria
	2.6 Allocations
	2.7 Interventions
	2.8 Grouping
	2.9 Blinding
	2.10 Setting up a team for patients
	2.11 Program implementation
	2.12 Assessment tools
	2.12.1 Questionnaire about patients’ basic information
	2.12.2 The dietary adherence rating scale
	2.13 GDM knowledge questionnaire
	2.14 Self-management scale
	2.15 Perceived social support scale
	2.16 Data collection
	2.17 Outcomes
	2.18 Statistical analysis
	2.19 Ethical considerations

	3 Results
	3.1 Participant flow
	3.2 Recruitment
	3.2.1 Baseline characteristics
	3.3 Primary outcome: glycemic control
	3.4 Difference-in-differences analysis
	3.5 Secondary outcomes: maternal and fetal outcomes, adherence, and knowledge
	3.6 Dietary adherence
	3.7 Gestational diabetes knowledge
	3.8 Before and after intervention
	3.9 Ancillary analyses
	3.10 Harms

	4 Discussion
	5 Conclusion

	References

