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ABSTRACT

Introduction Type 2 diabetes mellitus (T2DM) is one

of the world’s fastest growing health problems. Asians

have a strong ethnic predisposition for T2DM, developing
T2DM at a lower degree of obesity and at younger ages
than other ethnic groups. T2DM has a gradual onset,

with most individuals progressing through a pre-diabetic
state, providing an opportunity to prevent T2DM and its
complications. This study aims to evaluate the effectiveness
of a community-based lifestyle intervention programme

on weight loss and improvements in insulin sensitivity and
cardiometabolic profiles in Chinese adults with pre-diabetes.
Methods and analysis This study is a 12-month,
assessor-blinded randomised controlled trial. Adults with
pre-diabetes (aged 40-64 years, n=180) with pre-diabetes
are randomised into either an intervention group (receiving
group-based lifestyle interventions) or a control group
(receiving text messages containing health information). The
intervention programme targets a weight loss of 5% during
the first 6 months by restricting caloric intake and increasing
physical activity. Participants in the intervention group will
attend six group sessions and two individual face-to-face diet
counselling sessions during the first 6 months, followed by
monthly telephone support during the 6-month maintenance
phase. Participants in the control group will receive monthly
text messages containing general health information

only. The primary outcome is weight loss (%). Secondary
outcomes include insulin sensitivity (assessed using

fasting insulin level and homeostatic model assessment

of insulin resistance), glycaemic control (assessed using
glycated haemoglobin level), lipid profile, blood pressure,
carotid artery thickness, dietary intake and level of physical
activity. Intention-to-treat analysis will be conducted using a
generalised linear mixed effects model with a logit link and
linear mixed models.

Ethics and dissemination This study has been approved
by the relevant research ethics committee. The results will be
disseminated through peer-reviewed journals and scientific
presentations.

Trial registration number NCT03609697.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a major
non-communicable disease and one of the
world’s fastest growing health problems. In
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Strengths and limitations of this study

» This is the first randomised controlled trial to eval-
uate the effectiveness of a community-based life-
style intervention programme on weight loss and
improvements in insulin sensitivity and cardiomet-
abolic profiles in Chinese adults with pre-diabetes.

» This weight loss intervention programme is specifi-
cally tailored to the Chinese culture and contempo-
rary Hong Kong context.

» The findings of this study will provide an evidence
base for the development of an effective type 2 dia-
betes mellitus prevention model in Asian countries.

» Owing to the nature of the intervention, it is not pos-
sible to blind the participants or interventionists.

2013, more than 380million people were
affected worldwide, and this number is
expected to rise to 592million by 2035 and
many cases are undiagnosed.! T2DM is asso-
ciated with significant morbidity, including
increased risk of cardiovascular diseases
(CVD) and stroke, hypertension, retinopathy
and blindness, renal failure, and leg ampu-
tation. These place an enormous burden
on individuals, society and the healthcare
system.” The Asia-Pacific region carries a
particularly high disease burden, with more
than 60% of the global diabetic population
living in the Asian region.” Asians have a
strong ethnic predisposition for T2DM and
develop T2DM at a lower degree of obesity
and at younger ages than other population
groups.”

T2DM is a non-reversible but preventable
condition. The onset of T2DM is gradual,
with most individuals progressing from
normoglycaemia through a pre-diabetic state.
People with pre-diabetes, defined as having
impaired fasting glucose (IFG), impaired
glucose tolerance (IGT) or impaired glycated
haemoglobin (HbAlc),? are at increased risk
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of developing T2DM and its associated complications,
such as CVD and retinopathy, which can develop even in
the absence of progression to overt T2DM.”” Hence, it
is essential that people with pre-diabetes are targeted for
early intervention to prevent T2DM and related compli-
cations. A national survey conducted in China in 2010
revealed that 50.1% of people aged 18 years or older have
pre-diabetes.® Pre-diabetes is a prevalent and potentially
reversible condition. It provides an important window of
opportunity for healthcare providers to implement inter-
ventions that can delay or prevent T2DM and its compli-
cations. Of particular concern is that evidence suggests
that, without targeted intervention, the progression from
pre-diabetes to T2DM is faster in Asians than in Cauca-
sians.” '

Overweight and obesity are major risk factors for
T2DM. International clinical trials have demonstrated
that lifestyle interventions targeting at least 5% weight
loss in individuals with pre-diabetes can be cost-effective
in preventing T2DM.'" Lifestyle interventions (which
include diet, physical activity and behavioural modifica-
tion components) and self-management of pre-diabetes
have been listed as effective means of decreasing the inci-
dence of T2DM in the international guidelines on the
management of pre-diabetes.®” *'* The consensus state-
ment from the American Diabetes Association on the
management of pre-diabetes recommends lifestyle modi-
fication with a weight loss goal of 5%-10% and approx-
imately 30min of moderate-intensity physical activity
daily.® The Australian guidelines on the management of
pre-diabetes recommend weight loss of at least 5%-7%,
reduction of total fat intake to <30% of total daily calo-
ries, reduction of saturated fat intake to <10% of total
daily calories, optimal dietary fibre intake and 150 min of
physical activity per week.

Despite the recognised risk of individuals with pre-
diabetes developing T2DM and the emerging evidence
on the clinical and economic benefits of intervention at
the pre-diabetes stage, data on the effectiveness of life-
style intervention programmes targeting overweight
Chinese adults with pre-diabetes in a local setting are
limited. Approaches to translate diabetes prevention
programmes into community settings have been investi-
gated in Western countries, and demonstrated efficacy in
achieving the weight loss goals and improving glycaemic
control."™"®  Group-based interventions have been
recommended as a cost-effective approach for commu-
nity settings. To our knowledge, the effect of weight loss
and/or lifestyle changes on subclinical atherosclerosis,
assessed by changes in carotid artery intima-media thick-
ness (cIMT), in the pre-diabetic population has not yet
been explored. Successful interventions involving lifestyle
changes tend to be context specific. Culture and social
environment strongly influence people’s attitudes and
behaviours towards diet and physical activity. The results
of overseas studies may not be applicable to Chinese adults
in Hong Kong. The Da Qing IGT and Diabetes Study is
the only large randomised controlled trial (RCT) to date

which has targeted the Chinese population; however, this
intervention programme was conducted from 1986 to
1992, more than 25 years ago.'” Hence, this study aims
to translate evidence-based diabetes prevention strategies
into a community setting and to evaluate the effect of a
community-based lifestyle intervention programme on
weight loss and improvements in insulin sensitivity and
metabolic profiles in Chinese adults with pre-diabetes.
This study will develop resources on diet and physical
activity that are tailored to the Chinese culture and
contemporary Hong Kong context. Determining which
approaches to lifestyle changes are effective within the
contemporary Hong Kong context will be valuable for
developing appropriate and effective diabetes prevention
interventions for Chinese and Asian populations.

OBJECTIVES

1. To evaluate the effect of a community-based lifestyle
intervention programme on weight loss in Chinese
overweight adults with pre-diabetes, compared with
minimal intervention (receiving short message service
(SMS) messages containing health information).

2. To evaluate the effect of a community-based lifestyle in-
tervention programme on insulin sensitivity, glycaemic
control, cardiometabolic profiles (blood pressure and
lipid profile), health-related quality of life (QoL) and
cIMT in Chinese overweight adults with pre-diabetes,
compared with minimal intervention (receiving SMS
messages containing health information).

METHODS AND ANALYSIS

The study is being conducted as a 12-month, assessor-

blinded RCT (performed according to the Consolidated

Standards of Reporting Trials guidelines) of community-

based lifestyle intervention, including two study arms:

1. Intervention group (receiving group-based lifestyle
interventions).

2. Control group (receiving SMS intervention).

Figure 1 illustrates the pathway through the trial. Ethical
approval was obtained from the Institutional Review
Board (IRB) of the Hong Kong West Cluster, the Hospital
Authority in Hong Kong (UW18-203). Written informed
consent has been obtained from all participants, and the
RCT was registered with ClinicalTrials.gov (registered on
1 August 2018).

Participants

Previous studies indicated that a community-based T2DM
prevention programme would achieve greater health and
economic gains if it was directed at people under the age
of 65."® Hence, this study targets people aged 4065 years.

Inclusion criteria

Chinese adults aged between 40 and 65 years, who were over-
weight (body mass index (BMI) >23kg/ m?) or obese (BMI
>25kg/ mg) ,withIGT (bloodglucoselevelof 7.8-11.0mmol/L
after a 2-hour oral glucose tolerance test (OGTT)), IFG

2

Ho M, et al. BMJ Open 2020;10:¢035196. doi:10.1136/bmjopen-2019-035196

“ybuAdoo Aq parosioid 1sanb Aq Tz0z ‘vz 1idy uo jwod fwg uadolwg//:dny woly papeojumod "0z0z Mdy 8 uo 96TSE0-6T0Z-uadolwa/9eTT 0T Sk paysiignd 11y :uado CING


http://bmjopen.bmj.com/

Recruitment

v

Subject to sign consent form

Baseline assessment — Blood test, body composition analysis, cIMT, 24-hour recall
and baseline questionnaire

L 7 v
Yes No
Eligible Not Eligible

v

RANDOMISATION
Block randomisation using computer system

v v
Control Group Intervention Group

Phase 1: Intensive intervention
(0 — 6 months)

e One SMS per month

Phase 1: Intensive intervention
(0 — 6 months)

e Group-based session: six monthly
e  Dietitian consultation: two sessions

Midterm (6-month) assessment — Blood test, body composition analysis, cIMT, 24-hour recall
and midterm questionnaire

A

Control Group

Phase 2: Maintenance (6 — 12 months)

e One SMS every 2 months

Phase 2: Maintenance (6 — 12 months)

Intervention Group

e  Telephone support: monthly
e Group-based session: at 12 months

Final (12-month) assessment — Blood test, body composition analysis, cIMT, 24-hour recall
and final questionnaire

Close of study

Figure 1
thickness; SMS, short message service.

(fasting blood glucose level of 5.6-6.9mmol/L) or impaired
HbAlc (HbAlc level of 5.7%-6.4%) were eligible to partic-
ipate.” For intervention purposes, eligible participants were
also required to have a mobile phone and be able to read
Chinese and speak Cantonese.

Exclusion criteria
People with a current diagnosis or clinical history of
T2DM, or with comorbid conditions that may limit

Flow chart of intervention and participant involvement throughout the trial. cIMT, carotid artery intima-media

participation in the study, such as a history of an acute

cardiovascular  event, uncontrolled hypertension,
cancer or major psychiatric or cognitive problems, were
excluded. People who were already participating in a
weight loss programme, were receiving drug treatment
for pre-diabetes (eg, metformin) or had a history of long-
term use of medicines known to influence glucose metab-

olism (eg, corticosteroids) were also ineligible.
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Recruitment

Participants were recruited from the community by
convenience sampling between August 2018 and March
2019. A study hotline was set up for interested individ-
uals to obtain basic information about participation and
the required commitment for participation in the study.
Potential participants underwent OGTT and HbAlc tests
to confirm their eligibility and pre-diabetic status (IFG,
IGT or impaired HbAlc). The American Diabetes Asso-
ciation diagnostic criteria for pre-diabetes and T2DM are
used throughout this study.”

Sample size

The estimated minimum required sample size was based
on the primary outcome: the proportion of participants
achieving 5% weight loss between the baseline assessment
and 12 months. Previous lifestyle intervention trials have
reported that around 50% of participants had lost at
least 5% of their baseline body weight at 12 months.'® We
predicted that weight loss in the control group (receiving
minimal intervention) would be half of that in the inter-
vention group; that is, 25% of participants in the control
group may lose at least 5% of their baseline body weight
at 12 months. To detect this difference in the propor-
tion of participants achieving 5% weight loss between the
intervention and control groups, 58 participants were
required in each group, to ensure 80% power at a 5%
significance level. To accommodate a 35% dropout rate,'*
we therefore needed to recruit 90 participants in each
intervention group (180 in total). This was based on a
conservative estimate: if fewer than 25% of participants
in the control group achieve 5% weight loss, the required
sample size will be less than 180.

Randomisation and blinding

Eligible participants were randomised into either the SMS
intervention group (control group) or the community-
based lifestyle intervention group (intervention group)
by block randomisation with block sizes of 4, 6 and 8,
using a computer program. Intervention assignments
were concealed in sequentially numbered, opaque, sealed
envelopes prepared by a statistician who was not directly
involved with the study. The intervention assignment was
revealed after the consent form was signed by the study
participant. Due to the nature of the study, we were not
able to blind participants to their intervention assign-
ments. However, blinding of outcome assessors is being
applied. All blood tests are being collected and analysed
by an accredited laboratory that is blinded to the inter-
vention allocation. Anthropometric, dietary and cIMT
measurements are being taken by trained researchers
who are not involved in any part of the intervention and
are blinded to the intervention allocations.

Intervention group

This study has adopted key aspects of the successful
Diabetes Prevention Progralm,11 with adaptations made
for the Chinese culture and contemporary Hong Kong
context. The primary goal of the intervention is to

achieve a weight reduction of at least 5% of baseline body
weight during the first 6 months, through restriction of
caloric intake (goals: 1200-2000 kcal/day,<30% of total
daily calories from fat and <10% of total daily calories
from saturated fat) and increased physical activity (goal:
=150 min of physical activity per week). This approach is
consistent with the recommendations of the international
guidelines on the management of pre-diabetes. ® ' Table 1
shows a summary of the intervention programme. The
intervention will be based on the health action process
approach, which aims to motivate health behaviour
changes in participants and to develop their goal setting,
self-monitoring, problem solving and decision-making
skills.” At baseline, all participants will be provided with
a logbook to record their individualised goals and prog-
ress, including body weight, waist circumference, blood
pressure, blood lipids and blood glucose levels, and to
maintain physical activity and diet diaries throughout
the study period. Tailored resources on diet and physical
activity are being developed and provided throughout the
intervention period to suit the Chinese culture and Hong
Kong context. At baseline, each participant was assigned
a nursing student to act as a health buddy. The health
buddies attend all group-based intervention sessions with
the participants during the active intervention phase, to
establish rapport and provide support to the participants.
Training and ongoing coaching is provided by the study
investigators to empower the health buddies with knowl-
edge and skills to support individuals with pre-diabetes
to achieve their weight loss goals. The health buddies are
responsible for supporting the participants during group
sessions and providing telephone support to participants
during the maintenance phase, under the guidance and
supervision of the research team.

The programme is being conducted in small groups
of 10-12 participants, facilitated by a trained healthcare
professional. There are eight groups, located in various
districts of Hong Kong. Participants can choose a location
close to where they live or work. The programme consists
of two phases: phase 1 (months 0-6) is the intensive inter-
vention phase, and phase 2 (months 7-12) is the mainte-
nance phase.

During phase 1, participants are expected to attend
monthly group sessions (2hours per session, six sessions
in total). The group sessions involve education about pre-
diabetes self-management, weight loss, nutrition, physical
activity, goal setting, self-monitoring, problem solving,
decision-making and engagement in long-term lifestyle
modification (table 1). Participants are encouraged to
increase physical activity and reduce their sedentary
lifestyle. Each participant has been given a pedometer
to facilitate goal setting and self-monitoring of physical
activity. Participants are encouraged to walk 8000-10 000
steps/day.

Participants also receive two individual face-to-face
sessions with a dietitian. The dietitian estimates the daily
energy requirements for each participant, according to
their age, gender and physical activity levels. A low-fat diet
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Table 1 Summary of the 12-month lifestyle intervention programme for the intervention group

Phase Setting Contact schedule Objectives

Phase 1 Group Six sessions Knowledge: pre-diabetes self-management; diabetes risk

(months 1-6) (10-12 participants) (monthly, 2 hours/ and progression; relation of overweight to disease and
session) health; benefits and importance of weight loss and lifestyle

Intensive intervention  One to one with
dietitian Two sessions
(1 hour/session)

Phase 2 Telephone Monthly

(months 7-12)

Maintenance Group One session at 12
months
(2hours)

modification; principles and methods of healthy weight
loss; and diet and physical activity for managing pre-
diabetes and preventing diabetes.

Diet: restriction of caloric intake (goals: 1200-2000 kcal/
day, <30% of total daily calories from fat and <10% of
total daily calories from saturated fat).

Physical activity: reduce sedentary activities; gradual
progression to 150 min of moderate intensity or equivalent
physical activity per week.

Behavioural skills: goal setting, self-monitoring, stimulus
control, problem solving, decision-making, relapse
management and social support.

To provide support and reinforcement for continued effort
in behavioural management and weight management.

To reinforce skills learnt in phase 1 and encourage
engagement in long-term lifestyle modification and weight
management; to introduce community resources.

plan (with <30% of total daily calories from fat and <10%
of total daily calories from saturated fat) is prescribed.
The diet plan provides suggested servings of carbohy-
drates, proteins, fruits, vegetables and dairy products.
The first session (45bmin) is to discuss dietary goals and
receive culturally appropriate and individualised dietary
advice for weight loss and managing pre-diabetes. The
second session (30min) is to review progress and rein-
force long-term dietary modifications.

During phase 2 (maintenance phase), participants
receive monthly telephone contact from a health buddy,
and a reinforcement group session is scheduled for 12
months. The purpose of monthly telephone contact is to
provide support and reinforcement for continued effort
in behavioural management (table 1).

Control group

For ethical reasons and to enhance the retention of
participants, the control group is provided with SMS
intervention, which is considered minimal intervention.
During phase 1, a text message is sent to participants once
a month. During phase 2, a text message is sent every 2
months. The content of the messages will be related to
general information about T2DM, pre-diabetes and life-
style modification. The participants (both the interven-
tion and control groups) are encouraged to continue to
engage with their normal healthcare provided by their
healthcare providers.

Outcome measures

Primary outcome

The primary outcome of this study is weight loss, as
percentage weight loss is listed as the primary goal of

lifestyle programmes in the international guidelines on
the management of pre-diabetes.” ' Participants’ weight
is measured using standard procedures at baseline, 6
months and 12 months. Percentage weight loss from base-
line is calculated.

Secondary outcomes

Adiposity

Body fat and waist circumference are measured using stan-
dard procedures at baseline, 6 months and 12 months.

Blood tests

An OGTT is performed after an overnight fast at base-
line, 6 months and 12 months. In addition to glucose
testing, fasting blood samples (drawn at time 0 in the
OGTT) are also analysed for insulin, HbAlc and full lipid
profiles. Insulin sensitivity is assessed using fasting insulin
levels and homeostatic model assessment of insulin resis-
tance (HOMA-IR=(fasting plasma insulin concentration
(mIU/L)xfasting glucose (mmol/L))/22.5). Glycaemic
control is assessed using HbAlc and fasting glucose
levels.

Blood pressure
Blood pressure is measured using an automated blood
pressure monitor, according to standard procedures.

Carotid artery intima-media thickness

cIMT is a well-known marker of subclinical athero-
sclerosis and predictor of CVDs. It is measured using
high-resolution B-mode ultrasonography, according to
standard procedures.
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Eating behaviour

Dietary intake is assessed using 24-hour recalls at baseline,
6 months and 12 months. Dietary recalls are conducted
by a trained research assistant who is blinded to interven-
tion allocation. To assist with estimation of portion sizes,
a food model book with picture guides of common foods
and household measures, such as bowls, plates, glasses
and spoons, is used. All records are checked and veri-
fied by a dietitian. Energy, protein, carbohydrate and fat
intake are analysed using Food Processor Nutrition Anal-
ysis Software V.11.1 (ESHA Research, Salem, OR; 2015).

Physical activity

Physical activity levels are evaluated using the Chinese
version of the International Physical Activity Question-
naire (IPAQ) short form. The IPAQ short form has been
validated in Chinese adults in Hong Kong.21 The IPAQ
short form contains seven items that require participants’
recall of the frequency and duration of their physical
activity levels 7 days prior to completing the form. It
assesses physical activity at four different levels: vigorous
intensity, moderate intensity, walking and sitting.22 The
IPAQ is self-administered: participants fill out the IPAQ
when they attend the ultrasound laboratory for cIMT
measurement. If they have any questions on how to
complete the IPAQ), they can seek help from the trained
research assistants, who are blinded to intervention
allocation.

Health-related QoL

Health-related QoL is assessed using the Chinese version
of the 12-Item Short Form Health Survey (SF-12). The
SF-12 consists of 12 items, which are categorised into two
subscales: the physical component score (PCS) and the
mental component score (MCS). The SF-12 PCS and
MCS are calculated using standard algorithms, with a
higher score indicating better QoL.** The SF-12 is the
most widely used tool for assessing health-related QoL
and its validity and reliability has been confirmed in
ethnic Chinese adults.”*

Compliance

Data regarding dietary intake and physical activity levels,
together with attendance of the group-based programme
and records of telephone support during the mainte-
nance phase, are used to assess the compliance of partici-
pants in the intervention group.

Incidence of diabetes

The long-term goal of this study is to delay or prevent
T2DM onset; hence, incidence of diabetes is also
monitored.

Data management and analysis

IBM SPSS software for Windows V.23.0 (IBM) will be used
to perform data analyses, with statistical significance set
at p<0.05. Primary analyses will be based on intention to
treat in all randomised participants. Completer analysis
will be performed for all randomised participants who

received the intervention which they were originally
allocated and who attended the baseline, 6-month and
12-month assessments. The proportions of participants
achieving 5% weight loss will be compared between the
intervention and control groups, using a generalised
linear mixed effects model with logit link. Linear mixed
models will be used to investigate changes in contin-
uous variables (including weight, body fat, HOMA-IR,
HbAlc, fasting insulin levels, cIMT, blood pressure and
QoL scores) over time. The model will be built with inter-
vention assignment as the between-subject factor, time
as the within-subject factor and a group-by-time interac-
tion. Potential covariates (age, sex, education level, base-
line pre-diabetes status, weight, HbAlc, HOMA-IR, and
so on) will be assessed and, if appropriate, incorporated
into the model. In addition, the number of participants
who have developed T2DM (defined as a fasting glucose
level of 27.0mmol/L or a 2-hour OGTT glucose level of
=11.1mmol/L) at 12 months will be compared between
groups using a logistic regression.” Sensitivity analysis will
be conducted to compare the findings of the intention-to-
treat analysis and completer analysis.

Data management will be handled by the School of
Nursing of the University of Hong Kong, in accordance
with the principles of Good Clinical Practice (GCP) and
the Declaration of Helsinki.

Patient and public involvement

A pilot study was conducted before we launched this
full-scale RCT. The participant representatives from the
pilot study are involved in this study as volunteer helpers,
assisting with the group education sessions during the
intervention phase. Participants in this study will be
invited to attend a sharing symposium and will receive a
lay summary of the study findings.

Trial status

This study is currently in the intervention phase. The
study began recruitment in June 2018, and interventions
have been running since September 2018. Data collec-
tion will be completed by approximately August 2020.

DISCUSSION

T2DM is a major non-communicable disease and one of
the world’s fastest growing health problems. Pre-diabetes
is a prevalent and potentially reversible condition, which
provides an important opportunity for the prevention of
T2DM and its complications. To the best of our knowledge,
this study is the first RCT to evaluate the effectiveness of
a community-based lifestyle intervention programme for
promoting weight loss, improving insulin sensitivity and
slowing the progression of subclinical atherosclerosis in
Chinese overweight adults with pre-diabetes. The find-
ings of this study will provide evidence base for the devel-
opment of an effective T2DM prevention model in Asian
countries, to alleviate the disease burden on individuals,
the community and the healthcare system.
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ETHICAL CONSIDERATIONS AND DISSEMINATION
Ethical approval was obtained from the IRB of the Hong
Kong West Cluster, the Hospital Authority in Hong Kong
(UW18-203, approval granted 15 March 2018). The study
is being conducted in accordance with the principles of
GCP. The protocol and any amendments have been, and
will be in the future, reviewed by the IRB of the Hong
Kong West Cluster, the Hospital Authority in Hong Kong.
Participants were made aware that participation in the
study was voluntary and that they could withdraw from
the study at any time without further explanation or
any negative consequences. Participants were provided
with a study information sheet and requested to sign a
consent form before enrolment into the study. All data
related to participants’ personal information will be kept
strictly confidential and anonymous with the use of code
numbers. The results will be collectively collated, analysed
and presented, and no identifying individual information
will be reported. No serious adverse events (SAE) have
been observed. If any SAEs occur, they will be reported
to the IRB.

The findings of this study will be published in a peer-
reviewed journal and presented at relevant conferences,
seminars and research meetings.
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