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Abstract

Background Gestational diabetes mellitus (GDM) is a common perinatal condition. Convincing evidence has
shown that hyperglycemia and other chronic comorbidities of diabetes during the prenatal period increase
maternal and fetal risk. Several guidelines have identified lifestyle management as the first-line therapy in
GDM patients. To improve the efficacy of lifestyle intervention, cognitive behavior therapy (CBT) is proposed
as a solution to improve clinical outcomes. The objective of this trial is to determine the efficacy in treating
hyperglycemia of mobile-based CBT interventions in GDM patients, compared with conventional face-to-face
interventions.

Methods This trial is designed as a prospective randomized controlled trial, which enrolled the patients diagnosed
with GDM in First People’s Hospital of Kunshan affiliated with Jiangsu University from September 2021 to March 2023
with a 3-month follow-up. The specific randomization method was established and implemented through the central
randomization system of EDC clinical trials. The percentage of all blood glucose levels collected within the normal
range between the two groups at baseline, during the intervention period, and postpartum infant and maternal
outcomes will be measured. Summary statistics for continuous variables will include the number of subjects, mean,
median, SD, or the standard error, minimum, and maximum. The chi-square test, t test, and paired-sample t test were
used for statistical analysis of differences between groups.

Discussion This trial investigates the effects of mobile-based CBT intervention on blood glucose levels in GDM
patients.

Trial registration Chinese Clinical Trial Registry (ChiCTR2100048527) [registered: 2021/07/09].
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Strengths

+ We propose an approach in which researchers and
participants are involved throughout the entire
process, from data collection to the action plan.
The algorithms of the system are developed by col-
lecting real patient data, establishing disease data-
bases and disease models. Accordingly, this system
will accommodate the Chinese population more
appropriately.

+ Traditional CBT intervention is delivered face-to-
face, which has the limitation of time-consuming
and location-specific. Our mobile-based interven-
tion system is developed independently by a profes-
sional team based on the theories of computerized
CBT. It is characterized by a self-service intervention
method. This allows our CBT intervention to over-
come these limitations and makes it more accessible
to the patients.

+ It is expected to benefit the patients when consider-
ing the cycle of disease in disease management. From
the perspective of a patient’s journey, this intervention
realizes systemic management of disease with a seam-
less connection between in-hospital care and home-
based care. As a result, this can bring more value to the
patients.

Limitations

+ This study excludes pregnant women whose past
medical history include diabetes and only investi-
gates women developing diabetes after pregnancy.
Future studies could involve a larger patient
group.

« Due to the nature of the research, it is impossible to
blind participants and staff (excluding statisticians) in
psychotherapy studies. Consequently, therapy expec-
tancy effects may be a source of bias.
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Introduction

Gestational diabetes mellitus (GDM) is a common peri-
natal condition accompanied by glucose intolerance
throughout pregnancy. Convincing evidence has shown



Pan et al. Trials (2023) 24:26

that hyperglycemia and other chronic comorbidities of
diabetes during the prenatal period increase maternal and
fetal risk, including spontaneous abortion, fetal abnor-
malities, and pre-eclampsia [1, 2] Several guidelines have
identified lifestyle management as the first-line therapy in
GDM patients [3-5]. Due to the fact that most oral anti-
diabetic medications cross the placenta or lack safety
data in treating GDM, there is a considerable demand for
a non-pharmacological treatment of GDM patients. For
most patients, lifestyle management is sufficient to treat
GDM [4, 5]. Insulin should be considered to achieve gly-
cemic goals if necessary [3, 6]. Currently, nutrition and
physical activity counseling are primary tools for lifestyle
intervention. However, the gap between hospital and home
has restricted continuous and thorough treatment and fol-
low-up. Considering how to provide lifestyle interventions
to promote better clinical outcomes, we sought to deter-
mine an effective method to provide GDM patients with
efficient and structured lifestyle interventions [5].

Cognitive behavior therapy (CBT) is a goal-directed and
systematic psychological therapy created by A.T. Beck in
the 1960s to manage out-of-control emotions, behavior,
and cognition [7]. CBT focuses on increasing self-efficacy
through cognitive and behavioral changes, which benefits
patients in terms of clinical results [8]. In GDM patients,
glucose management involves everyday decision-making,
including food choices, appropriate physical activities,
monitoring blood sugar, and stress management [9]. Pre-
vious study has suggested that participants who become
aware of their unhealthy behavior will intrinsically be
driven to change. In these patients, clinical outcomes are
improved with practical tools for long-term proactive
behavioral change [10]. With regard to what we utilize as
our tools, we suppose lifestyle management delivered with
CBT will benefit GDM patients from the positive impact
on compliance and long-term performance, and we con-
sider that mobile-based CBT can potentially improve clini-
cal outcomes in GDM patients.

Major components of lifestyle modification in GDM
patients include nutrition therapy and weight man-
agement [3, 11]. These factors depend on patients’
self-efficacy, which theoretically can be improved by
computerized CBT. In consequence, we suppose that
CBT-based lifestyle intervention is effective in reducing
glucose levels in GDM patients.

Evidence before this study

Improved self-efficacy is a key component of lifestyle
adjustment, which has been correlated with improved
clinical results in GDM patients. Traditionally, patients
are seen in an outpatient setting where healthcare experts
can deliver lifestyle interventions to them face to face.
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However, the limitation of time-consuming and location-
specific has been an obstacle for GDM patients to receive
a consistent intervention. To encourage healthy lifestyles,
novel intervention methods have been developed, includ-
ing mobile-based interventions. We searched PubMed
for researches that had investigated the use of CBT in
diabetic patients from November 2016 to November
2021. Search terms included diabetes, gestational, preg-
nancy, mobile-based, and cognitive behavioral therapy.
MeSH (Medical Subject Headings) was used to include
synonyms. Based on our review, several studies have
shown that CBT is effective in improving subjective data
such as depression and social and occupational function-
ing in diabetic patients, but none was found to investigate
objective findings in GDM populations. We identified
two randomized controlled studies that have investigated
the efficacy of CBT in T2DM patients. The results prove
that CBT interventions significantly reduce diabetes-
related distress (DRD) and hemoglobin Alc (HbAlc)
compared with the control group (n=56, n=222) [12,
13]. Another randomized controlled trial has investigated
the efficacy of lifestyle interventions in reducing the risk
of developing diabetes and cardiovascular disease. Evi-
dence has shown that compared with health brochures,
lifestyle intervention such as motivational interview was
not more effective in reducing the risk in an at-risk popu-
lation (n=622) [14].

Added-value of this study

Most of the previous studies target T2DM patients, but
there is limited information on CBT’s effect on GDM
populations, who are recommended to be treated with
lifestyle intervention as first-line therapy [3-5]. In addi-
tion, our study is designed to evaluate CBT’s efficacy in
infant and maternal outcomes. Researchers have attrib-
uted GDM to an increased risk of fetal adverse events,
including neonatal infection [15]. This study will further
evaluate the efficacy in parameters measuring these out-
comes, such as the case number of low-birth-weight neo-
nates and comorbidity of GDM in participants.

Objectives

Aim 1: To determine the efficacy in treating hyperglyce-
mia of mobile-based CBT interventions in GDM patients,
compared with conventional face-to-face interventions.

— Hypothesis 1a (primary study hypothesis): a significant
difference in the percentage of blood glucose levels
within a normal range is expected between the two
groups. The normal range is defined as fasting blood
glucose.
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Aim 2: To determine the efficacy of mobile-based

CBT interventions in infants and maternal out-
comes, compared with conventional face-to-face
interventions.

— Hypothesis 2a: a significant difference in the vari-
ables evaluating infants and participants outcomes,
including low-birth-weight neonates, neonatal mac-
rosomia, events of hypoglycemic events in infants,
and cesarean delivery, is expected between two
groups.

Trial design

This study is a single-center, randomized, controlled,
open-label parallel-group superiority trial. Patients
will be randomly allocated at a 1:1 ratio to evaluate
the efficacy of CBT to lower blood glucose in GDM
patients. The study protocol follows the Standard Pro-
tocol Items: Recommendations for Interventional Tri-
als (SPIRIT) [16].

Methods: participants, interventions,

and outcomes

Study setting

The study will be performed at the First People’s Hospital
of Kunshan affiliated with Jiangsu University, Kunshan,
Jiangsu Province, China, from September 2021 to March
2023.

Eligibility criteria

Inclusion criteria

Patients’ inclusion criteria will be as follows: (1) age from
18 to 45 years old; (2) pregnant women who completed
oral glucose tolerance tests (OGTT) at 24—28 gestational
weeks; (3) meet diagnostic criteria of GDM and has not
received pharmacological therapy; (4) no difficulty in
using smartphones, basic Chinese reading and writ-
ing skills, basic calculation skills; (5) agree to sign the
informed consent form.

Exclusion criteria
Patients’ exclusion criteria will be as follows: (1) prior
diagnosis of diabetes before pregnancy; (2) prior diag-
nosis of GDM in previous pregnancy; (3) diagnosed with
severe mental disorders or has difficulty understand-
ing; (4) other conditions that could prevent the patients
from participating in the research. This trial does not
exclude any other concurrent therapies or interventions.
The number and doses of insulin prescriptions will be
recorded.

Researchers will perform an initial eligibility screen-
ing and collect written informed consent from enrolled
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participants. Written informed consent will be collected
prior to the baseline assessment. If the data collection is
not included in the initial informed consent process for
the main clinical trial, each participant in the ancillary
study must sign a consent form.

Interventions

To compare the effects of CBT in GDM patients, a
control intervention—a conventional lifestyle inter-
vention—will be provided. Patient education will be
provided to the control group via oral communica-
tions from endocrinologists. The control group will also
receive patient education, which will include disease-
related knowledge, lifestyle modification, complica-
tion prevention, and other topics, but only during each
follow-up.

Interventions will be delivered by WeChat Min-
iApp: “CBT GDM” (developed by Hangzhou Kang
Sheng Health Consulting CO., LTD). This includes 5
sessions. The contents are designed and reviewed by
endocrinologists and psychiatrists from the First Peo-
ple’s Hospital of Kunshan affiliated with Jiangsu Uni-
versity, Kunshan, Jiangsu Province, China. Participants
will study according to a learning schedule which is
divided into a strong intervention period (1-3 weeks)
and a regular intervention period (4—12 months) (see
Fig. 1).

Session 1 objectives: To explain the CBT process
To describe the correlation between CBT and
glucose management
To learn mindfulness mediation

Session 2 objectives: To discuss clinical knowledge regarding GDM,
including the onset, development and outcome
of hyperglycemia
To set the goal of therapy of hyperglycemia and
learn how to monitor
To describe standard pharmacological and non-
pharmacological treatments
To identify the importance of postpartum glucose
management
To understand the importance of compliance

Session 3 objectives: To evaluate the significance of diet in lipid-
lowering
To recognize high-risk foods (such as foods high
in sugar)
To recognize healthy foods (such as foods high
in fiber)
To create a postpartum diet plan
To demonstrate self-management of healthy diets

Section 4 objectives: To describe the relationship between emotion
and blood glucose during pregnancy
To recognize how to accept negative emotions
To recognize how to praise for positive emotions
To implement emotions management

Section 5 objectives: To analyze poor glucose control cases
To reflect on positive and negative behavioral
changes
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Session 1 Session 2

Session 3 Session 4 Session 5

Week 1

Week 2

Week 3

Week 4

Week 5

Week 6

Week 7

Week 8

Week 9

Week 10

Week 11

Week 12

Fig. 1 CBT intervention schedule

Criteria for discontinuing or modifying allocated
interventions

In the following circumstances, dropping out of the treat-
ment program will be considered. At this point, partici-
pants will not be regarded to have dropped out of the
experiment, and they will be eligible for protocol assess-
ments unless they withdraw their consent for assess-
ments (as described below).

1) If the participant requests that the protocol treat-
ment was discontinued.

2) If the participant is unable to continue the proto-
col treatment due to adverse events.

3) When the investigator believes that the risk of
continuing the protocol treatment outweighs the
benefits for any reason.

4) When the investigator believes that continuing the
protocol treatment is not appropriate for any other
reasons.

Adherence

Participants in the intervention group will use the
WeChat MiniApp to log in and complete the interven-
tion sessions according to the schedule. The completion

of each session will be tracked by “GDM ASCVD. The
“clock-in” function in the “GDM ASCVD” app will pro-
vide positive and constructive feedback to participants
to enhance adherence. Participants will be able to “clock
in” from the dashboard to track their exercise and eating
habits on a regular basis.

Ancillary for post-trial care

With regard to the nature of mobile-based patient educa-
tion, participants are unlikely to be harmed. In the event
that a risk of injury is discovered, the principal investiga-
tor will intervene to reduce the risk of harm. If any harm
is discovered, the research team will compensate the par-
ticipants appropriately if necessary.

Outcomes

Primary outcome measures

The primary endpoint is the percentage of fasting
blood glucose, which is defined as the percentage of
blood glucose levels within a normal range [17]. Glu-
cose monitoring data is collected twice weekly after
enrollment [time frame: from randomization (day 0)
to V5 (week 12) for a total of 3 months of treatment].
The selected examination days shall be at least 2 days
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apart. Each examination day should contain the follow-
ing self-monitoring data.

Type Measuring Normal range
time

1 Fasting blood Before breakfast ~ 3.3-5.3 mmol/L
glucose

2 1-h postprandial  After breakfast ~ 3.3-7.8 mmol/L
blood glucose

3 2-h postprandial ~ After breakfast ~ 3.3-6.7 mmol/L
blood glucose

4 1-h postprandial ~ After lunch 3.3-7.8 mmol/L
blood glucose

5 2-h postprandial  After lunch 3.3-6.7 mmol/L
blood glucose

6 1-h postprandial  After dinner 3.3-7.8 mmol/L
blood glucose

7 2-h postprandial  After dinner 3.3-6.7 mmol/L

blood glucose

Secondary outcome measures

1) The percentage of blood glucose levels collected
within the normal range on each selected examina-
tion day.

2) Loss of self-monitoring rate.

3) HbAlc.

4) Mean score of Diagnostic and Statistical Manual
of Mental Disorders (DSM-5) assessment. DSM—5
is developed as a standard classification system
for mental disorders. It provides a guideline of
structured clinical interviews utilized to diagnose
depression [18]

5) Mean score of General Self-Efficacy Scale (GSE).
The GSE is a psychometric scale that measures the
confidence in one’s capacity to deal with a wide range
of life’s issues. The test consists of ten items that
describe attitudes toward barriers and are assessed on
a scale of 0 (least optimal) to 4 (very optimal). A ver-
sion in Chinese translation has been approved [19]

6) Any insulin dose prescribed.

7) Case number of low-birth-weight neonates.
Low birth weight is defined as the first weight
recorded after the birth of less than 2500 g (up to
and including 2499 g) [20]

8) Case number of neonatal macrosomia. Neonatal
macrosomia is defined as the first weight recorded
after the birth of more than 4000 g (more than and
including 4000 g) [21].

9) Hypoglycemic events in neonates (blood glu-
cose <2.2 umol/L).

10) Other fetal adverse events.

11) Case number of GDM comorbidity developed
during the intervention period.
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12) Case number of cesarean delivery.
13) Total expenditures for delivery.

Participant timeline
The participant timeline is shown in Fig. 2.

Sample size

Considering the primary outcome variable as the differ-
ence in the percentage of blood glucose within normal
range between two groups, an absolute difference of
10% in the percentage of blood glucose within normal
range is expected. Power was set at 0.8, the one-sided
significance level at 0.05, and the confidence inter-
val (CI) at 95%. Eighty subjects per group were calcu-
lated according to a 1:1 ratio of random grouping. A
total sample size 100 was needed in each group that to
account for an additional 20% in attrition size.

Recruitment

Participant recruitment began in October 2021 and is
expected to be completed in November 2021. We will
recruit participants at the First People’s Hospital of Kun-
shan affiliated with Jiangsu University, Kunshan, Jiangsu
Province, China. Once recruited, researchers will provide
guidance on how to use the MiniApp.

Assignment of interventions: allocation

Sequence generation

In this randomized controlled trial, participants will be
randomized into either intervention or control arm with
an allocation ratio of 1:1. The allocation will be general-
ized by the establishment of EDC Trial Data clinical trials
centralized randomization system. Researchers will enter
the system with account numbers and passwords. A ran-
domized number generated by inputting patient informa-
tion will be used to track each patient.

Concealment mechanism

Allocation concealment will be guaranteed through the
following mechanism. Staff will log in to the EDC Trial
Data cloud and enter the information for the partici-
pants. The EDC Trial Data system will randomly assign
participants to either group in a 1:1 ratio. A patient pro-
file will be generated after the necessary baseline infor-
mation has been entered. Account number and password
are required when assessing data.

Implementation
The allocation sequence will be generated by EDC cen-
tralized randomization system. YP will be in charge of
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Baseline
screening

Intervention period

Post-partum
follow-up

Days -14~-1 1

14+2

28+2 56+2 84+2 4242

post-partum

X

Informed consent

Screening log

Baseline characteristics

Physical exams

Vital signs

X | X | X|X|X

Weight

X

Urinalysis

X | X | X[ X

Kidney and liver X
functions

X

Electrocardiogram X

OGTT X

HbAlc X

Blood Glucose X

Percentage of blood
glucose within normal
range

Loss of self-monitoring
rate

GDM system log

Regular care record

Medications record

X | X | X |X

General Self-Efficacy
Scale (GSEs)

X
X
X | X | X | X

Diagnostic and x
Statistical Manual of
Mental Disorders
(DSM-5)

Newborn evaluation

Participants evaluation

Adverse events X
evaluation

Fig. 2 Participant timeline

enrolling the patients. The Trial Management Committee
(TMC) will assign participants to interventions.

Assignment of interventions: blinding

Participants and investigators will be aware of the inter-
vention that has been assigned to them in this open-
label trial. Because of the nature of the patient-reported
outcome measures, not all outcome evaluations will
be blinded. During the analysis, the statistician will be
blinded to the allocation. The procedure for unblinding
is not applicable as this is an open-label trial.

Data collection and management

Data collection

Data will be collected utilizing EDC at study site. Data
collection takes place at seven points: baseline, day 1,
day 14 (+2), day 28 (+2), day 56 (+2), day 84 (£2)

during intervention period, and day 42 (+2) post-
partum. Collected data will be stored in the form of
an electronic case report form. The clinical research
coordinator (CRC) will complete the electronic case
report form. The investigators will be informed of any
changes made by CRC and system/edit check automati-
cally done by the system. Authorized investigators will
be permitted to access the study computers and evalu-
ate the data throughout the study. If any missing data is
detected via the EDC system, the researcher will con-
tact the participants on the telephone.

Data management

Study teams have a responsibility to self-monitor study
processes and data. This self-monitoring can ensure a
well-run trial and to identify and mitigate issues before
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they are identified by monitoring entities, which can
result in time-consuming fixes. Internal monitor-
ing includes monitoring for proper informed consent
documentation/records, eligibility criteria, and data
quality. Monitoring is usually conducted by interested
parties involved in the research to identify issues and to
improve processes.

A unique identification code will be generated when
analyzing data to ensure security. Errors or missing data
information will be sent to data managers (DM) in data
query reports. DM receiving the inquiry will check the
original records to determine the correction. Original
paperwork and signed informed consent forms will be
stored in locked file cabinets.

Confidentiality
Personal information will be collected, shared, and main-
tained following ICH GCP.

Statistical methods

Statistical methods for primary and secondary outcomes
Categorical variables will be expressed in numerical val-
ues with their respective percentages and compared
using the chi-squared test at baseline. Continuous vari-
ables will be expressed as mean+SD and compared
using the ¢-test. The significance of primary and second-
ary endpoints will be evaluated with the paired-samples
t-test. A p-value<0.05 indicates statistical significance.
All data will be analyzed with the SPSS.

All patients who have received CBT for at least 4 weeks
will be included in the full analysis set (FAS). Depend-
ing on the time investigated, the per-protocol (PP) anal-
ysis set will be made up of patients who complete the
6-month follow-up examinations. The FAS will be used
as the basis for the primary analysis. If there is a discrep-
ancy of greater than 10% between the FAS and PP sam-
ples, the analysis will be repeated for the PP analysis set.
The safety population will include patients in the FAS.
Unless otherwise noted, all analysis will be done in both
the FAS and PP analysis sets. No additional analysis will
be conducted.

There will be no replacement or imputation of miss-
ing values. All analysis will be based solely on observed
cases. Patients who loss to follow-up will be considered
to have dropped out of therapy. Only the PP patients will
be used in a sensitivity analysis to test the impact of this
assumption.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee

Design and conduct of the study: preparation of proto-
col and amendments; preparation of IB (investigators
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brochure) and CRFs (case report forms); reports on stud-
ies to be published; composition of TMC’s members.

SC (steering committee): final protocol agreement;
patient recruitment and communication with the lead
investigator; reviewing the trial’s progress and, if neces-
sary, consenting to adjustments to the protocol and/or
investigators brochure to help the study run smoothly.
The steering group will include all principal investigators.
A regional coordinator will be chosen from among the
principal investigators at each site.

Trial Management Committee (TMC) (principal inves-
tigator, research physician, administrator): study plan-
ning; organization of steering committee meetings;
report of adverse events to the Chinese National Adverse
Reaction Monitoring Center; responsible for the trial
master file; budget management and contractual difficul-
ties with individual centers, randomization; data verifica-
tion. TMC will examine the 12 monthly feedback forms
and schedule site visits; data manager: data entry and
maintenance of the trial’s IT system; data verification.

Lead investigators: recruitment; data collection; CRF
completion, as well as study patient follow-up and adher-
ence to the study protocol and IB. A lead investigator
will be assigned to each participating center and will be
responsible for patient identification.

Adverse event reporting and harms

The type and frequencies of any adverse event will be
reported to the Chinese National Adverse Reaction Mon-
itoring Center.

Frequency and plans for auditing trial conduct

Audit procedures will comply with the ICH GCP (Guide-
line for Good Clinical Practice of the International Con-
ference on Harmonisation) and regulatory requirements.
The biannual audit was conducted by the ethics commit-
tee of the hospital, and the audit process was independent
of the sponsor. The steering committee will determine
any revisions of the protocol. The amended protocol will
also be submitted to the Medical Ethics Committee of the
Sir Run Run Shaw Hospital of Zhejiang University and
reported to the participants as necessary.

The findings of the study will be presented to the public
at academic conferences. The steering group will decide
on authorship. The order of the authors will be deter-
mined by the contributions of each member.

Discussion

This article presents a detailed description of a paral-
lel, randomized control trial, designed to evaluate the
effectiveness of CBT to reduce hyperglycemia in GDM
patients. Lifestyle intervention is recommended as the
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first-line treatment for GDM per guidelines. To accom-
plish the primary goal of controlling blood glucose, we
consider the mobile-based CBT intervention as an avail-
able and accessible method with regard to how to pro-
mote healthy habits, and as a result, this will potentially
lower blood glucose in ASCVD patients. We believe that
mobile-based CBT lifestyle intervention will be poten-
tially effective in lowering blood glucose levels in ASCVD
patients.

This study has some critical implications. The novel
mobile-based lifestyle intervention is expected to reduce
glucose level at a population level due to the high acces-
sibility and availability of technologies. Moreover, this
study can potentially demonstrate CBT-based lifestyle
intervention’s efficacy in infant outcomes and be utilized
as a future guidance for lifestyle intervention in GDM
patients.

There are some limitations of this study. First, this
study excludes pregnant women whose past medical
history include diabetes and only investigates women
developing diabetes after diabetes. Future studies could
involve a larger patient group. Second, it is impossible to
blind participants and staff (excluding statistician) in psy-
chotherapy studies due to the nature of the research. As a
result, therapy expectancy effects may be a source of bias.

Trial status
Protocol version: original; version 1.1 20,210,920.
Recruitment start date: October 1, 2021.
Anticipated completion of recruitment: November 1,
2021.
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CRC Clinical research coordinator

CRFs Case report forms

DM Data manager

DRD Diabetes-related distress

DSM-5 Diagnostic and Statistical Manual of Mental Disorders
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GDM Gestational diabetes mellitus

GSEs GENERAL Self-Efficacy Scale (GSEs)

HbATc Hemoglobin Alc

B Investigators brochure

ICHGCP  Guideline for Good Clinical Practice of the International Confer-
ence on Harmonisation

MeSH Medical Subject Headings

SC Steering committee

SPIRIT Standard Protocol ltemsRecommendations for Interventional
Trials

T2DM Type 2 diabetes mellitus

T™C Trial management committee
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