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Purpose: The maintenance of stable blood glucose levels in gestational diabetes patients depends on their ability to make scientific
decisions. Decision-making ability is influenced by factors such as preferences, knowledge acquisition, and risk perceptions. At
present, problems such as irrational dietary structure, difficulties in decision-making, and poor adherence still exist in clinical practice.
The key to guiding gestational diabetes patients in developing their scientific decision-making abilities lies in identifying the weak key
points that affect their decision-making abilities. There is a lack of validated tools to assess these patients’ perceptions of dietary
intake. In this study, we aimed to develop and validate the Dietary Intake Perceived Motivation Questionnaire for Patients with
Gestational Diabetes Mellitus with the purpose of accurately identifying the obstacles encountered by gestational diabetes mellitus
patients in the development of their scientific decision-making abilities.

Patients and Methods: In this study, 304 individuals with gestational diabetes were recruited from a public hospital in Wuxi, China.
The questionnaire was developed in 3 stages, consisting of questionnaire development, a pilot study, and a formal test, and the validity
and reliability of the questionnaire were tested and confirmed. The content validity index and exploratory factor analysis were
completed by expert correspondence to indicate the validity of the content and structure. In addition, Cronbach’s o was used to
evaluate the internal consistency of each item of the questionnaire, and Spearman-Brown analysis was used to analyze the split-half
reliability. In addition to the questionnaire, the study participants were asked to complete a general information questionnaire that
included items on various demographic factors such as age, week of gestation, and mode of conception.

Results: The questionnaire was validated through principal component analysis, resulting in a 31-item questionnaire named the
Dietary Intake Perceived Motivation Questionnaire for Patients with Gestational Diabetes Mellitus. This questionnaire explained
86.267% of the variance and demonstrated good internal consistency (Cronbach’s a= 0.929).

Conclusion: Our study determined that the questionnaire serves as a valuable tool in evaluating the motivation behind dietary intake
in gestational diabetes patients.
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Introduction

Gestational diabetes mellitus (GDM) is defined as carbohydrate intolerance resulting in hyperglycemia of varying
severity with onset or first recognition during pregnancy.' According to the International Diabetes Federation, GDM
occurs in approximately 14% of pregnant women globally.” The latest systematic review and meta-analysis showed that
the pooled prevalence of GDM in mainland China was 14.8%. GDM patients are at a higher risk of developing
metabolic syndrome within three months after delivery. The likelihood of GDM recurrence during subsequent pregnancy
ranges from 30% to 84%.* In the long term, the risk of type 2 diabetes among GDM patients is almost ten times higher
than that among pregnant women without GDM.> Additionally, the risk of metabolic diseases such as overweight/obesity,
hypertension, and T2DM in adolescence is significantly higher among offspring of GDM patients.®’ According to
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research, GDM patients in China spend an average of $915 on treatment, which is 1.95 times higher than the cost per
person among pregnant women without GDM. Due to the high prevalence, severe complications, and heavy economic
burden associated with GDM, it has become a subject of continuous attention in recent years in China.

According to the latest guidelines in China, GDM patients with type Al can ideally manage their blood sugar levels
through nutrition management and exercise guidance.® Among these factors, diet serves as the foundation and energy
source for the body to carry out all life activities and directly affects blood glucose fluctuations in GDM patients.
Previous studies have shown that diet has an important influence on the incidence of GDM, and a reasonable diet can
effectively prevent the development of GDM.’

Numerous studies have demonstrated that GDM patients exhibit irrational dietary intake behaviors.'®'? These
behaviors include poor adherence to carbohydrate intake, an unreasonable dietary composition, a low awareness of
dietary types and intake, and susceptibility to various factors, such as insufficient knowledge of GDM, inadequate disease
awareness, a lack of active control, passive eating attitudes, and inadequate family support. The increased likelihood of
adverse pregnancy outcomes in GDM patients and the resulting financial burden on families highlight the need for
a deeper understanding of the factors that influence these patients’ dietary intake decisions. This understanding can help
health care professionals provide tailored care that meets the unique needs of GDM patients.

Research on GDM primarily focuses on dietary intake patterns and behavior but neglects the decision-making
behaviors and influencing factors involved in the dietary intake process.'*'* Decision-making behavior refers to the
process in which patients evaluate advantages and disadvantages, taking into account their personal preferences, values,
and cognitive factors, when making health-related decisions.'> Currently, there is a significant amount of research on the
behavioral decision-making abilities of Chinese individuals in the fields of education and sociology. However, there has
been limited discussion on this topic in the medical field, and research in this area has only recently begun.'®'” Decision-
making behavior among GDM patients is a complex process that is influenced by various factors related to individual
psychology and physiology. Accurately assessing GDM patients’ decision-making behaviors, understanding their
motivations, and identifying the factors that affect changes in their motivation are crucial. Therefore, it is important to
select an appropriate tool for assessment.

This study delved into the topic extensively by utilizing protection motivation theory (Figure 1) within the realm of
social psychology.'® The theory was employed to examine the process of individual behavior changes, specifically
focusing on motivation factors that can aid in analyzing and predicting patient decision-making behaviors.

To effectively assess influencing factors in GDM, it is imperative to utilize a valid and reliable tool. However, our
search revealed a limited number of validated assessment tools that meet these criteria. Huang developed a questionnaire
to assess the decision-making behaviors of GDM patients regarding blood glucose management.'” The reliability and
validity of the questionnaire were tested, but the questionnaire primarily focused on the overall blood glucose control of
GDM patients and did not specifically address dietary decision-making. As a result, the questionnaire did not provide the
necessary information on the dietary habits of GDM patients.
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At present, comprehensive and validated tools for measuring decision-making behavior in GDM patients are lacking.
To identify factors that influence dietary decision-making in GDM patients and to guide future research on patient-
centered decision-making interventions, we developed a questionnaire. Additionally, we sought input from experienced
nutritionists to ensure that the questionnaire was well informed and effective.

Materials and Methods

Participants and Recruitment

In this study, 304 GDM patients visiting the outpatient and inpatient departments of the obstetrics department of
a hospital in Wuxi, China, from March 2023 to August 2023 were invited to participate (the number of subjects to be
recruited for ethical review was approximately 340). After obtaining informed consent from the GDM patients, they were
invited to complete the questionnaire at the hospital, which was distributed in person on site, and the purpose of the
survey was explained to the patient and the confidentiality of the questionnaire responses was assured. The inclusion
criteria were as follows:

(D A diagnosis of GDM (75-g oral glucose tolerance test (OGTT) with one or more of the following: a fasting plasma
glucose level >5.1 mmol/L; a 1-h post 75-g oral glucose load >10.0 mmol/L; or a 2-h post 75-g oral glucose load
>8.5 mmol/L).

(@) An established card in the obstetrics clinic and regular obstetric examinations.

The exclusion criteria were as follows:

(O GDM combined with other complications or comorbidities during pregnancy, such as severe preeclampsia,
congenital heart disease, and hepatitis.

@ Type 1 or type 2 diabetes mellitus before pregnancy.

(3® Cognitive or mental disorders that could lead to a lack of cooperation.

A retest phase of questionnaire validation was not performed in this study due to changes in patient decision-making
behavior over time.

Setting

The study was conducted in the Wuxi region of China, where the diet is mainly composed of refined foods with
a preference for sweeter options. Limited nutritional knowledge and poor eating habits in the region have been identified
as factors that negatively impact the dietary intake of GDM patients and are significantly associated with adverse
pregnancy outcomes such as GDM.

Ethical Considerations

Research ethics approval for this study was obtained from the Ethics Committee of Wuxi Medical College of Jiangnan
University under approval number JNU20230301IRB18. Informed consent was obtained from each subject prior to
enrollment. All women who agreed to participate in the study provided their data voluntarily and could withdraw from
the study at any time.

Procedure

Phase I: Questionnaire Development

The task force executed a series of steps, including identifying research questions and objectives, defining the inclusion
and exclusion criteria, searching the literature, integrating or synthesizing the findings, and extracting data from included
studies. A literature review on the diets of GDM patients was conducted by searching Chinese and English databases
such as CNKI, Wanfang, PubMed and CHINAL. A research team was then established, comprising a senior medical
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doctor with expertise in pregnancy endocrinology research, three diabetes specialist nurses with more than 10 years of
experience in pregnancy endocrinology and obstetrics, a nutritionist, a psychologist, and a postgraduate tutor. The
questionnaire dimensions were determined based on the 7 major factors of Protective Motivation Theory and designed
with reference to the sentence structure of similar questionnaires for other diseases. The aim was to analyze and predict
glycemic management behavior.

During the preliminary phase, the research team formulated and refined 35 potential projects. In January and
February 2023, experts received invitations via email to review the questionnaire items and provide feedback. The
inclusion criteria for experts in this research were as follows: individuals engaged in GDM-related medical, nursing, and
educational work, with more than 10 years of work experience; those who held a bachelor’s degree or above and an
associate senior title or above; and those who volunteered to participate in the study. The content, relevance, and clarity
of the questionnaire were assessed by a panel of experts. To ensure content validity, a Likert-type scale ranging from 1 to
5 was utilized, with a score of 1 indicating very little importance and a score of 5 indicating very high importance. The
content validity index (CVI) was calculated, with scores greater than 0.80 being considered acceptable Ultimately, a total
of 31 items were selected for the study.

Phase 2: Pilot Sample

The questionnaire was reviewed by a panel of experts and tested in early March 2023 in 30 GDM patients who were later
excluded from the final study sample. The researchers collected the data in the maternity ward and explained the purpose
and content of the questionnaire to the respondents before they were asked to rate their degree of conformity with each
item. The questionnaire was then completed and returned on site. After completion of the pilot testing phase, the
language used in the questionnaire was further refined by modifying the items that were not clearly expressed.

Phase 3: Formal Test

The assessment questionnaire used in this study consisted of 31 items and was administered to a sample of GDM patients
who were receiving care at a tertiary Grade A obstetrics and gynecology hospital in Wuxi, China. The sample size was
estimated to be 5-10 times the number of questionnaire items, and 8 times the number of questionnaire items were
ultimately selected. Considering a potential loss-to-follow-up rate of 20%, a sample size of 297 GDM patients was
recommended. A total of 304 questionnaires were distributed in this study, and 304 valid questionnaires were recovered,
with a valid recovery rate of 100%.

The study utilized the General Information Questionnaire and the Dietary Intake Perceived Motivation Questionnaire
for GDM Patients to gather data. The General Information Questionnaire consisted of items regarding various demo-
graphic factors, such as age, gestational week, method of conception, family per capita monthly income, education level,
GDM history, family history of diabetes, employment status, fasting blood glucose levels during glucose tolerance tests,
and 2-hour postprandial blood glucose levels. The questionnaire used to assess dietary intake protection motivation in
GDM patients contains two parts: a threat assessment (which includes four dimensions: susceptibility, severity, internal
reward, and external reward) and coping assessment (which includes three dimensions: response efficacy, self-efficacy,
and response cost). In total, there are 31 items in the questionnaire. Each item is scored using a 5-point Likert-type scale
ranging from “strongly disagree” to “strongly agree”. Each dimension is scored separately, and the higher the scores of
the four dimensions (susceptibility, severity, response efficacy, and self-efficacy) are, the stronger the protective
motivation; the lower the scores of the three dimensions (internal reward, external reward, and response cost) are, the
stronger the protective motivation.

Data Analysis

Excel 2019 was used to enter relevant data, and SPSS 26.0 was used to analyze the data. First, a descriptive analysis was
carried out on the sociodemographic variables of the participants: enumeration data are described by the number of
patients and percentages; and measurement data with a normal distribution are expressed by the mean + standard
deviation.
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For the screening and evaluation of questionnaire items, the item analysis method was adopted, including the
correlation coefficient method and critical ratio method. In terms of reliability analysis, Cronbach’s a coefficient was
used to evaluate the internal consistency of the items in the questionnaire, and acceptable values were considered to be
higher than 0.70; the split-half reliability was determined by Spearman-Brown split-half reliability, and the test level was
0=0.05.

In terms of validity analysis, content validity and construct validity were evaluated. For the content validity analysis,
the expert evaluation method was adopted to calculate the content validity index at the questionnaire level and the item
level; in the structural validity analysis, the principal component analysis and the variance maximization orthogonal
rotation method were used, according to a characteristic root >1. The number of common factors retained was determined
by the decrease in factor variation in the gravel map, and the variance contribution rate of the common factors to the
original index and the loading of each item on the common factor were determined. Items with a loading value of the
common factor >0.4 were retained, and the absolute value of the load difference was <0.2.%°

Results

Sociodemographic Characteristics of the Sample

The age of the 304 GDM patients ranged from 22—44 (31.276+4.035) years old; the gestational age ranged from 2441
(36.245+4.261) weeks; 286 patients (94.08%) had naturally conceived, and 18 (5.92%) conceived by assisted reproduc-
tion; 7 patients (2.30%) had a monthly income of <3000 yuan, 84 patients (27.63%) had a monthly income of 3000—5000
yuan, and 213 patients (70.07%) had a monthly income of >5000 yuan; 61 patients (20.07%) had an education level of
high school and below, 80 patients (26.32%) had an education level of junior college, 150 patients (49.34%) had an
undergraduate education, and 13 patients (4.28%) had a postgraduate education and above; 47 patients (15.46%) had
a history of gestational diabetes; 232 patients (76.32%) were employed, and 72 patients (23.68%) were unemployed; 280
patients (92.11%) were covered by medical insurance, and 24 patients (7.89%) were self-financed; 231 patients (75.99%)
had recorded food diaries; and 19 patients (6.25%) underwent insulin therapy, with a fasting blood glucose level ranging
from 3.85-8.21 (5.053+0.681) mmol/l.

Result of Expert Inquiry

In this study, two rounds of expert consultation were conducted, and the return rate of the questionnaires was 100%.
Experts added or deleted questionnaire items and modified the expression of some items according to their opinions. For
example, the items “If you do not increase your weight reasonably during pregnancy, your blood glucose will be poorly
controlled” and “My family wants me to eat as much as possible during pregnancy” were deleted. The following items
were modified: “Eating my favorite food during pregnancy will make me feel happy” was changed to “During pregnancy,
following my usual eating habits (such as reducing the intake of carbohydrates) will make me feel very happy”;
“Frequently held health lectures are conducive to the management of dietary intake behavior of luck” was changed to
“Various forms of knowledge acquisition channels are helpful”; “It is conducive to the management of dietary intake
behavior during pregnancy”, “I am confident that I will consume enough energy during pregnancy according to the
recommendations of medical personnel” and “I am confident that I will consume nutrient-rich foods during pregnancy
according to the recommendations of medical personnel”. In the first round of expert consultation, except for the deleted
items, the importance scores of the other items ranged from 3.00 to 5.00, and the coefficient of variation ranged from
0.09 to 0.23. The importance scores of each item in the second round of expert correspondence ranged from 4.00-5.00,
and the coefficient of variation ranged from 0.00-0.12. The results are shown in Table 1.

Pretest Results

According to the feedback from GDM patients, it took approximately 5—10 minutes to complete each questionnaire. The
patients agreed that the statement of the scale items, except for the double negative of the “susceptibility” item, was clear
and easy to understand. However, since “susceptibility” examines the perception of research subjects regarding adverse
outcomes, the presentation of the items was not modified.
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Table | Questionnaire Importance Score and Coefficients of Variation

Serial Content Importance Score | Coefficient of

Number (Points, x % s) Variation

Al Unreasonable control of total daily energy intake will result in blood sugar being poorly 4.89+0.33 0.07
controlled

A2 Unreasonable arrangement of the daily energy supply ratio of the three major nutrients 4.67+0.50 0.11
will lead to poor control of blood sugar

A3 Unreasonable arrangement of daily meals will result in blood sugar being poorly 4.44+0.53 0.12
controlled

A4 Unplanned addition of foods containing vitamins and minerals will result in unbalanced 4.22+0.44 0.10
nutrition

B5 Improper dietary intake behavior increases the risk of adverse pregnancy outcomes for 4.89+0.33 0.07

me and my baby.
Bé6 Unreasonable dietary intake behavior will increase the long-term risk of diabetes for me 4.67+0.50 0.11

and my children

B7 Improper dietary intake behavior increases my likelihood of frequent doctor visits and 4.89+0.33 0.07
hospitalizations

B8 Unreasonable dietary intake behavior will increase the financial burden on my family 4.78+0.44 0.09

B9 Improper dietary intake behavior will increase the care burden for my family 4.67+0.50 0.11

Clio | think you should eat more during pregnancy because it is good for your baby’s health 4.78+0.44 0.09

Cll Following my usual eating habits (eg, reducing my carbohydrate intake) during pregnancy 4.78+0.44 0.09
makes me happy

Cl2 Increasing the intake of protein such as meat and milk during pregnancy is conducive to 4.78+0.44 0.09
the growth of the baby

Cl3 I think consuming as many nut foods as possible during pregnancy will help the child’s 4.44+0.53 0.12
intellectual growth

Cl4 Adding high-sugar fruits such as lychees and grapes during pregnancy makes me feel 4.56+0.53 0.12
happier

DI5 My family wants me to consume as much meat and milk as possible during pregnancy 4.89+0.33 0.07

Dlé My family wants me to eat as many nut foods as possible during pregnancy to supplement 4.89+0.33 0.07
my nutrition

D17 My family wants me to eat as much fruit as possible during pregnancy 4.67+0.50 0.11

EI8 Standardized and professional outpatient follow-up is beneficial to the management of 5 0.00

dietary intake behavior during pregnancy
EI9 Regular blood glucose monitoring is beneficial to the management of dietary intake 5 0.00
behavior during pregnancy
E20 Rich dietary knowledge reserve is conducive to the management of dietary intake 5 0.00
behavior during pregnancy
E21 Various forms of knowledge acquisition channels are conducive to the management of 5 0.00

dietary intake behavior during pregnancy

F22 | feel confident eating nutrient-dense foods during pregnancy as recommended by my 4.67+0.50 0.11
health care provider

F23 | am confident that | am eating enough carbohydrates during pregnancy as recommended 4.89+0.33 0.07
by my health care provider

F24 I am confident that | am consuming high-quality protein foods during pregnancy as 4.78+0.44 0.09
recommended by my health care provider

F25 | am confident that during pregnancy, | am eating fatty foods correctly according to the 4.78+0.44 0.09
recommendations of the medical staff

F26 | am confident that | am eating the right types of fruit during pregnancy as recommended 4.67+0.50 0.11
by my health care provider

G27 Frequent visits to nutrition clinics to adjust my diet have caused me a lot of difficulties 4.89+0.33 0.07

G28 It is difficult for me to adjust my carbohydrate intake during pregnancy as recommended 5 0.00

by my doctor

(Continued)
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Table | (Continued).

Serial Content Importance Score | Coefficient of
Number (Points, x £ s) Variation
G29 It is very difficult for me to adjust the intake of protein foods during pregnancy according 4.89+0.33 0.07

to the advice of medical staff
G30 It is very difficult for me to adjust the intake of fatty foods during pregnancy according to 5 0.00
the advice of medical staff
G3lI It is very difficult for me to adjust the intake of dietary fiber, vitamins and other foods 4.78+0.44 0.09

during pregnancy according to the advice of medical staff

Validity Analysis

Project Analysis

According to the results of the critical ratio method, the differences between the items in the high group and the low
group were statistically significant (P<0.01); the correlation coefficient method also showed that the items in the study
were significantly correlated with the total score of the scale, and the correlation coefficient ranged from 0.364—0.782
(P<0.01). It showed that the 31 items had good distinction and should be reserved.

Content Validity
The total content validity index of the dietary intake perceived motivation questionnaire for patients with GDM was
0.903, and the content validity index of each item ranged from 0.857-1.000.

Construct Validity: Exploratory Factor Analysis

The y2 value of Bartlett’s sphericity test was 5203.422, reaching the significance test level (P<0.01), and the KMO value
was 0.909, indicating that this study was suitable for factor analysis. The analysis results show that there were 7 common
factors with eigenvalues > 1, and the cumulative variance contribution rate was 86.267%. Combined with the gravel map
(Figure 2), it was found that after the seventh common factor, the slope gradually became flat. Therefore, 7 common
factors were extracted. This showed that the questionnaire has good construct validity. At the same time, the ques-
tionnaire structure obtained by exploratory factor analysis was basically consistent with the theoretical framework.
Among the items, the loading value of entry A4 “Adding foods containing vitamins and minerals without a plan will
cause nutritional imbalance” on the two common factors (Factor 5 and Factor 6) was >0.4, and the absolute value of the
difference between the loads was >0.2. The research group opinion was that this item should not be deleted.
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Figure 2 Scree plot of the factor analysis.
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Trust Level Analysis

The Cronbach’s o coefficient of the total questionnaire was 0.929, and the Cronbach’s o coefficient of each dimension
ranged from 0.913-0.958, indicating that the scale has good internal consistency reliability; the half-time reliability of the
total questionnaire is 0.809, and the split-half reliability of each dimension ranged from 0.914-0.958.

Discussion and Conclusions

Discussion

Despite the advancement of the concept of precision glucose management in China today, hospitals are still unable to
implement it and GDM patients are unable to acquire knowledge about it.> This is similar to the findings of a semistructured
interview study, in which most GDM patients faced a conflict between dietary control and nutritional needs, and the inability to
consume adequate amounts of carbohydrates had become a major problem for them; however, most of the information
provided by existing health care professionals advocated for the intake of adequate amounts of carbohydrates, which added
many barriers to the management process for health care professionals. In addition, many health care decision-makers lack
adequate decision-making skills, resulting in GDM patients mostly having little knowledge about diet.* Therefore, accurate
identification of GDM patients with weak decision-making skills and reinforcement is urgently needed.

Despite an extensive search, studies assessing motivation regarding dietary intake in individuals with GDM were difficult
to find. The few available studies mainly involved qualitative interviews rather than questionnaire-based research.'*'> It is not
possible to conduct detailed qualitative interviews with each individual in clinical practice, making simple questionnaires the
most convenient and quickest method available. This is in high agreement with Ying’s findings.>® The purpose of this study
was to develop and validate a questionnaire suitable for the analysis of barriers to meal choices in GDM patients—The Dietary
Intake Perceived Motivation Questionnaire for Patients with Gestational Diabetes Mellitus. The results showed that this
questionnaire is a reliable and valid method for assessing GDM patients’ reasons for making dietary decisions, and it showed
good validity and reliability overall. The overall Cronbach’s o coefficient (correlation coefficient 0.929) was satisfactory, and
the Cronbach’s a values for each domain ranged from 0.913-0.958. This is consistent with the expected results, as internal
reliability values >0.7 are generally considered satisfactory.

First, the development of this questionnaire was based on a number of questionnaires described in previously published
journal papers that can be used to assess the glucose management decisions of GDM patients. Some of these questionnaires have
been well validated, so many of their statements have been recognized in several studies. The questionnaire statements were also
developed with reference to well-established theories and GDM-specific dietary patterns to ensure that the questionnaire would
be a valid tool for targeting the motivation regarding dietary intake in GDM patients. Third, the draft questionnaire was discussed
and created by experts with great expertise. Thus, their knowledge and experience were perfectly integrated in the discussion and
selection of the questionnaire statements. In other words, this questionnaire can reliably measure the facilitators and barriers that
may arise for GDM patients when making scientific decisions regarding dietary choices.

The cross-sectional nature of the study design was a limitation of the current study. While our study did not examine
the relationship between decision-making and disease duration in GDM patients, it is important to note that decision-
making is a type of executive cognitive function that may manifest differently at different stages of the disease. To better
understand the decision-making abilities of GDM patients during pregnancy and postpartum, longitudinal studies are
necessary to document developmental trajectories and psychosocial correlates.

Conclusion

Our study demonstrated that the Dietary Intake Perceived Motivation Questionnaire for Patients with Gestational
Diabetes Mellitus is a psychometrically reliable and valid instrument for comprehensively assessing the critical and
ancillary factors that emerge when GDM patients make decisions about dietary intake. Specifically, GDM patients’
perceived knowledge of the disease and perceived severity of the disease should be measured to indicate their level of
understanding of the disease; external and self-influences on dietary choices should be measured to reflect their
individual self-selectivity; self-efficacy and response efficacy should be measured to indicate their subjectivity regarding
the event after it occurs; and their perceptions of the cost of the event should be measured to indicate their acceptance.
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