BM) Open
Diabetes

Research
& Care

To cite: Yeung K-F,

Lee YQ, Chong MFF, et al.
Baseline characteristics

of participants in the Pre-
Diabetes Interventions and
Continued Tracking to Ease-
out Diabetes (Pre-DICTED)
Program. BMJ Open Diab
Res Care 2022;10:002966.
doi:10.1136/
bmjdrc-2022-002966

Received 2 June 2022
Accepted 25 September 2022

I '.) Check for updates

© Author(s) (or their
employer(s)) 2022. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published
by BMJ.

For numbered affiliations see
end of article.

Correspondence to

Dr Yong Mong Bee;
bee.yong.mong@singhealth.
com.sg

Open access Original research

Baseline characteristics of participants
in the Pre-Diabetes Interventions and
Continued Tracking to Ease-out
Diabetes (Pre-DICTED) Program

Kar-Fu Yeung
Amanda Yun Rui Lam

," Yu Qi Lee,? Mary Foong Fong Chong,?® Mihir Gandhi,"*°
7 Selly Julianty,”® Gilbert Choon Seng Tan,”?®

Emily Tse Lin Ho,®® Su-Yen Goh,® Gavin Siew Wei Tan,”'° Eugene Jin Wen Shum,?
Eric A Finkelstein,'" Tazeen H Jafar,"" Rob M van Dam,?'? Yee Leong Teoh,®

Julian Thumboo,' Yong Mong Bee @ &7

ABSTRACT

Objective The Pre-Diabetes Interventions and Continued
Tracking to Ease-out Diabetes (Pre-DICTED) Program

is a diabetes prevention trial comparing the diabetes
conversion rate at 3 years between the intervention group,
which receives the incentivized lifestyle intervention
program with stepwise addition of metformin, and the
control group, which receives the standard of care. We
describe the baseline characteristics and compare Pre-
DICTED participants with other diabetes prevention trials
cohort.

Research design and methods Participants were aged
between 21 and 64 years, overweight (body mass index
(BMI) >23.0kg/m?), and had pre-diabetes (impaired fasting
glucose (IFG) and/or impaired glucose tolerance (IGT)).
Results A total of 751 participants (53.1% women)

were randomized. At baseline, mean (SD) age was 52.5
(8.5) years and mean BMI (SD) was 29.0 (4.6) kg/m?.
Twenty-three per cent had both IFG and IGT, 63.9% had
isolated IGT, and 13.3% had isolated IFG. Ethnic Asian
Indian participants were more likely to report a family
history of diabetes and had a higher waist circumference,
compared with Chinese and Malay participants. Women
were less likely than men to meet the physical activity
recommendations (>150 min of moderate-intensity
physical activity per week), and dietary intake varied with
both sex and ethnicity. Compared with other Asian diabetes
prevention studies, the Pre-DICTED cohort had a higher
mean age and BMI.

Conclusion The Pre-DICTED cohort represents subjects
at high risk of diabetes conversion. The study will evaluate
the effectiveness of a community-based incentivized
lifestyle intervention program in an urban Asian context.

INTRODUCTION

Type 2 diabetes (T2D) is a persistent public
health issue. The global prevalence of T2D
has been steadily increasing in the past
three decades,' and the number of people
worldwide with diabetes, of which T2D
cases form an overwhelming majority, is

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Community-based diabetes prevention programs
are increasingly employed in an Asian context, to
counter the growing diabetes prevalence driven by
urbanization and increasing prevalence of sedentary
lifestyles. Baseline differences between subgroups
can affect the effectiveness of a prevention program.

WHAT THIS STUDY ADDS

= In a cohort of high-risk individuals (body mass in-
dex >23.0kg/m? and impaired fasting glucose/im-
paired glucose tolerance) recruited in Singapore,
physical activity and dietary profile varied with sex:
only 58.2% of women reported engaging in at least
150 min of moderate-intensity physical activity (or
its equivalent) per week, compared with 68.8% of
men. However, women also had lower saturated fat
intake (12.9% energy vs 13.7% energy) and higher
dietary fiber intake (8.59/1000 kcal vs 7.8g/1000
kcal).

= Dietary profile varied with ethnic group (Chinese,
Malays and Asian Indians): Indian participants had
the highest carbohydrate intake (52.4% vs 44.9%
and 48.4%energy for Chinese and Malay partic-
ipants, respectively), but also the highest dietary
fiber (10.0 vs 7.9 and 8.3g/1000 kcal) and lowest
saturated fat (12.3% vs 13.4% and 13.5% energy)
intake.

projected to increase from 530million in
2021 to 780million by 2045, with an accom-
panying increase in prevalence from 10.5%
to 12.2%.* Population aging and improved
care and survival of people with diabetes
contribute to this growing prevalence, partic-
ularly in high-income countries.” > For low
and middle-income countries, these factors
are compounded by a shift towards sedentary
lifestyles and high-calorie diets in both urban
and rural settings.' > Although prevalence
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HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= Community-based prevention programs trade individualized life-
style counseling for cost reduction. A lifestyle modification curric-
ulum that considers the significant differences between men and
women in lifestyle factors at baseline could recover some of the
benefits of individualized counseling.

= Baseline differences between diabetes prevention program cohorts
and between ethnic groups partially account for differences in pro-
gram effectiveness. The results presented here provide a means to
ground and facilitate inter-program comparisons.

has been increasing, data from multiple high-income
countries indicate a stable or declining trend in diabetes
incidence since 2010, and diabetes prevention programs
involving lifestyle modification have been highlighted as
possible contributors to this favorable change.*® Diabetes
prevention programs focus on individuals with pre-
diabetes, as they are at a higher risk of developing T2D
compared with individuals with normal blood glucose.””
Importantly, multiple large randomized controlled trials
have shown that the risk of T2D is reduced in individuals
with impaired glucose tolerance (IGT) after intervention
with lifestyle modification or metformin.'*™"*

The Pre-Diabetes Interventions and Continued
Tracking to Ease-out Diabetes (Pre-DICTED) Program
is a diabetes prevention trial in Singapore that aims to
compare the diabetes conversion rate over 3years in over-
weight or obese individuals with elevated risk of diabetes
(impaired fasting glucose (IFG) and/or IGT) between the
intervention group, which receives the community-based
stepwise diabetes prevention program with added finan-
cial incentives, and the control group, which receives the
current standard of care. Similar to the Diabetes Commu-
nity Lifestyle Improvement Program (D-CLIP)," the Pre-
DICTED Study uses a stepwise program consisting of
group-based lifestyle modification classes and subsequent
addition of metformin where necessary, and sets forth
weight loss (5% of baseline weight) and physical activity
goals (moderate physical activity 2150 min per week)
for intervention participants. However, in contrast with
D-CLIP, Pre-DICTED additionally has a maintenance
phase where recommendations for physical activity and
dietary modification are delivered to intervention group
participants via monthly mobile phone text messages.
The Pre-DICTED Program also includes financial incen-
tives that are tied to (1) attendance of the lifestyle modi-
fication classes, and (2) achievement and maintenance of
the weight loss goal (5% of baseline weight).

Asalarge pragmatic trial that enrolls urban Asian adults
with pre-diabetes, the Pre-DICTED Program can help to
supplement our knowledge of diabetes prevention in
a real-world, contemporary urban Asian context. The
present report describes the baseline characteristics of
Pre-DICTED participants and compares the Pre-DICTED
participants with other diabetes prevention trials cohort.

RESEARCH DESIGN AND METHODS

Overview of study design

Pre-DICTED is a randomized open-label, parallel arms,
controlled trial that compares a diabetes prevention
program consisting of lifestyle interventions with step-
wise addition of metformin and added financial incen-
tives (intervention) versus the current standard of care
(control) in overweight or obese individuals with IFG
and/or IGT. The primary outcome is the development
of diabetes, diagnosed based on an annual oral glucose
tolerance test (OGTT) (2-hour plasma glucose of
>11.1mmol/L) or semiannual fasting glucose measure-
ment (fasting plasma glucose (FPG) 27.0 mmol/ L)."

Screening and recruitment

Participants were recruited through (1) referrals from
healthcare professionals in polyclinics (primary care
clinics), general practitioner clinics, and hospitals; (2)
referrals from regional community screening programs;
and (3) advertisements on an online health information
and services portal (HealthHub). The screening step
consisted of a 75g OGTT, and pre-diabetes was diagnosed
based on two glycemic criteria: (1) FPG 6.1-6.9 mmol/L
(IFG), and/or (2) 2-hour plasma glucose after a 75g
glucose load 7.8-11.0mmol/L (IGT). Additional inclu-
sion criteria were age between 18 and 64 years, body
mass index (BMI) >23.0kg/ m?, and Singapore citizen-
ship or permanent residency. Major exclusions were
health conditions that impede participation in a lifestyle
modification program (eg, active cancer, recent myocar-
dial event within 6 months), known allergic reaction to
metformin, or use of medications known to alter glucose
tolerance. Participants were allocated to intervention
and control arms with a 1:1 ratio, using a computer-
generated randomization list based on permuted block
randomization.

Screening and recruitment were carried out from
November 2017 to February 2021. A total of 1191 indi-
viduals were referred to the program for screening. Of
these, 440 (36.9%) were excluded (253 had normal blood
glucose, 173 had newly diagnosed diabetes, 10 declined
to participate, 4 were ineligible for other reasons), and
751 individuals were randomized to the control or inter-
vention arm (figure 1).

Interventions
The intervention program consists of 12 group-based
lifestyle modification sessions (two nutrition workshops,
nine exercise sessions, one goal-setting workshop) deliv-
ered in person over 6 weeks.'” At semiannual follow-up
visits, intervention arm participants at the highest risk of
diabetes development ((1) IFG and glycated hemoglobin
(HbAlc) 26.0%, or (2) IFG and IGT) are prescribed
metformin at a starting dose of 250 mg two times per day
for 3 months with subsequent uptitration to 500 mg two
times per day.

The intervention program includes financial incentives
for (1) attending lifestyle modification sessions, and (2)
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Enroliment

Assessed for eligibility (n = 1,191)

Excluded (n = 440)
+ Not meeting inclusion criteria (n =
430), reasons:

o Normoglycemia (n = 253)
o Newly diagnosed diabetes (n = 173)
o Other (n=4)

v

Randomized (n = 751)

+ Declined to participate (n = 10)

Allocation

\4

Allocated to control (n = 378)

Figure 1

Allocated to intervention (n = 373)

Flow chart showing the screening and enroliment of participants in the Pre-DICTED Program. Pre-DICTED, Pre-

Diabetes Interventions and Continued Tracking to Ease-out Diabetes.

achieving the weight loss target (5% of baseline weight).
Intervention arm participants receive a S$10 incentive
(sports vouchers) for attending each lifestyle modifica-
tion session (maximum amount for 12 sessions=S$120).
If they meet the weight loss target (25% of baseline
weight) at any of the study visits at 3, 6, 12, 18, 24, 30
and 36 months, they are eligible for additional incen-
tives. Eligible participants can choose to receive a direct
payment or a lottery ticket (1 in 10 chance of winning).
For example, at month 3, a participant who meets the
weight loss target can opt to receive a direct payment of
S$40 (cash), or a lottery ticket with a 1 in 10 chance of
winning S$400 (cash). The expected value of the weight
loss incentive increases with time to encourage weight
loss maintenance. With every follow-up visit, the direct
payment incentive increases by S$10, while the lottery
prize increases by S$100. The maximum direct payment
to a participant for achieving and maintaining weight loss
is S$40+S$50+S$60+S$70+S$80+S$90+S$100=S$490.

Measurements and assessments

Measurement and assessment procedures have been
previously detailed.” Anthropometric measurements
such as those for height, weight, waist circumference
and blood pressure were obtained by trained study
coordinators following established standard opera-
tional procedures. To obtain measurements for HbAlc,
FPG, 2-hour plasma glucose in OGTT and the lipid
profile, participants were instructed to fast overnight
for at least 10 hours, and blood samples were collected
using standard phlebotomy procedures. Standardized
interviewer-administered questionnaires were used to
obtain self-reported data on demographic characteris-
tics, medical history, nutrition, quality of life, and phys-
ical activity. To represent the prevalence of hypertension

and lipid disorders in the Pre-DICTED cohort more
accurately, we combined self-reports from two interview
questions. Participants were classified as having hyper-
tension (or a lipid disorder) only if they (1) reported a
physician diagnosis of hypertension (or alipid disorder),
and (2) were taking blood pressure-lowering (or lipid-
lowering) medication. Height, weight, waist circumfer-
ence and blood pressure are assessed at baseline, month
3, month 6 and semiannually thereafter. After baseline,
the lipid profile, FPG and HbAlc are assessed semi-
annually, while the 2-hour plasma glucose in OGTT is
assessed annually.

Physical activity was assessed using the International
Physical Activity Questionnaire (IPAQ) and its scoring
protocol. The time spent doing vigorous-intensity phys-
ical activity, moderate-intensity physical activity and
walking was combined into a single summary score, spec-
ified in metabolic equivalent of task-minutes, that takes
into account the different levels of energy expended.'®
Physical activity was categorized based on the 2010
WHO guidelines for physical activity, which recom-
mends a minimum of 150min of moderate-intensity
physical activity (or its equivalent) per week for all adults
aged above 18 years.” The health-related quality of
life was assessed with the EuroQol 5-dimension 5-level
(EQ-5D-5L) questionnaire.'® The EQ-5D-5L visual analog
scale records a participant’s overall health (0O=worst imag-
inable health, 100=best imaginable health), and the
EQ-5D-5L health utility score indicates a participant’s
utility given their self-reported health state. The health
utility score is calculated using the value set derived from
the preferences of patients with heart disease in Singa-
pore."” Both the IPAQ and the EQ-5D-5L questionnaire
are administered at baseline and semiannually thereafter.
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Dietary intake over the past year was assessed using a
validated semiquantitative 163-item food frequency ques-
tionnaire (FFQ) with additional subquestions on food
subtypes and cooking methods.”” Participants reported
consumption of one standard serving as a number of times
either per day, per week, or per month. Items consumed
less than once per month were coded as ‘rarely/never’.
Dietary intake of food was standardised to daily frequen-
cies and multiplied by standard serving sizes (grams). A
nutrient database for the FFQ was constructed using the
nationally representative 24-hour dietary recall data that
were used for FFQ development.”’ For dietary data anal-
ysis, we excluded those with missing FFQ (n=1) and those
with invalid energy intake (ie, had extreme energy intake
of <500 kcal/day or >6000 kcal/day; n=43). The FFQ is
administered at baseline, month 6 and month 12.

Statistical analysis

Baseline characteristics are reported as mean (SD)
for approximately normally distributed variables, and
median (IQR) for skewed variables. Categorical vari-
ables are summarized with frequencies and percentages.
Characteristics by sex were compared using t-tests, Mann-
Whitney U test and x? tests as appropriate. Characteris-
tics by ethnicity were compared using analysis of variance
tests, Kruskal-Wallis tests and 2 tests as appropriate. In
the ethnicity-stratified analysis, only participants who
identified as belonging to one of the three major ethnic
groups (Chinese, Malay, Indian) were considered. Partic-
ipants who identified with other ethnic groups (12 men,
13women) were excluded from the ethnicity-stratified
analysis. R (V.4.0.3) was used for all analyses.

RESULTS
Overall baseline characteristics
Baseline characteristics for the overall cohort are shown
in table 1. The mean age at baseline was 52.5 years, and
53.1% of the participants were women. Over 95% of all
participants identified as belonging to one of the three
major ethnic groups in Singapore: 77.4% identified as
Chinese, 8.9% identified as Malay, and 10.4% identified as
Indian. Over one-third of all participants reported having
hypertension (43.4%) or a lipid disorder (36.5%). Mean
systolic/diastolic blood pressure was 129/84mm Hg and
mean total cholesterol, high-density lipoprotein choles-
terol, triglycerides and low-density lipoprotein choles-
terol were 5.0, 1.3, 1.5 and 3.0 mmol/L, respectively.

Mean BMI and glycemic profile reflected the inclu-
sion and exclusion criteria. Mean BMI was 29.0 kg/ m?
and mean baseline FPG, 2-hour plasma glucose and
HbAlc levels were 5.8 mmol/L, 8.9mmol/L and 6.0%
(42 mmol/mol), respectively. Isolated IGT was the most
common pre-diabetes classification for Pre-DICTED
participants: 63.9% had isolated IGT, 22.8% had both
IFG and IGT, and 13.3% had isolated IFG.

The majority of participants (57.5%) reported a family
history of diabetes in first-degree relatives, and 15.1% of

women reported a history of gestational diabetes mellitus.
Overall, few participants reported a history of smoking:
6.4% reported current smoking, and 6.9% reported
former smoking. However, less than two-thirds (63.1%)
met the recommendations for physical activity (at least
150min of moderate-intensity physical activity, or its
equivalent, per week). In terms of diet, the mean energy
intake was 2560 kcal/day. Mean carbohydrate, protein,
total fat and saturated fat intake (% energy) were 46%,
16%, 37% and 13%, respectively.

The control and intervention groups were generally
similar in sociodemographic and clinical characteris-
tics, as well as diabetes lifestyle risk factors (table 1). A
slight imbalance is observed in the pre-diabetes classifica-
tion: the intervention group has a higher percentage of
isolated IFG participants (16.6% vs 10.1%), and a lower
percentage of participants with both IFG and IGT (20.4%
vs 25.1%). However, the two groups have similar means
and SD for FPG, 2-hour plasma glucose and HbAlc
(table 1).

Baseline characteristics by sex

We observed sex differences in several risk factors
(table 2). Women were less likely to report a history of
smoking (3.0% of women vs 25.0% of men), hypertension
(37.8% vs 49.7%) and lipid disorders (31.7% vs 42.0%).
However, women were less likely to meet the physical
activity recommendations at baseline: 58.2% of women
reported engaging in at least 150min of moderate-
intensity physical activity (or its equivalent) per week,
compared with 68.8% of men. In terms of diet, women
had lower mean energy intake (2413 kcal for women
vs 2738 kcal for men) and lower saturated fat intake
(12.9% energy vs 13.7% energy) (table 2). Additionally,
women had a higher intake of dietary fiber (8.5g/1000
kcal vs 7.8g/1000 kcal). In parallel, intake of some food
groups also differed between men and women. Women
consumed less refined grains and red meat and more
fresh fruits than men.

Baseline characteristics by ethnicity

Indian participants had the highest mean waist circum-
ference (101.3 vs 94.3 and 95.6 cm for Chinese and Malay
participants, respectively), while Chinese participants
had the lowest mean BMI and mean waist circumfer-
ence (table 3). Moreover, a higher percentage of Indian
participants reported a family history of diabetes in first-
degree relatives (80.8% vs 54.4% and 59.7% for Chinese
and Malay participants). The proportion of participants
meeting the physical activity recommendations was
lowest for Indian participants (54.5%, 63.4% and 67.2%
for Indian, Chinese and Malay participants, respectively),
but a statistical test for difference in population propor-
tions did not reach significance (p=0.24). Indian partic-
ipants also had the marginally higher mean HbAlc and
FPG concentrations, compared with Chinese and Malay
participants (table 3).
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Table 1 Demographics, clinical characteristics and lifestyle risk factors by intervention status in Pre-DICTED

Overall Control Intervention
(n=751) (n=378) (n=373)
Demographic characteristics
Age, years, mean (SD) 52.5 (8.5) 52.3 (8.6) 52.7 (8.4)
Sex, n (%)
Male 352 (46.9) 178 (47.1) 174 (46.6)
Female 399 (53.1) 200 (52.9) 199 (53.4)
Ethnicity, n (%)
Chinese 581 (77.4) 289 (76.5) 292 (78.3)
Malay 67 (8.9) 35(9.3) 32 (8.6)
Indian 78 (10.4) 41 (10.8) 37 (9.9)
Others 25 (3.3) 13 (3.4) 12 3.2)
Employment status, n (%)
Employed or student 600 (80.0) 294 (78.0) 306 (82.0)
Homemaker 69 (9.2) 35(9.3) 34 (9.1)
Retired 44 (5.9) 29 (7.7) 15 (4.0)
Unemployed 37 (4.9) 19 (5.0) 18 (4.8)
Highest education level, n (%)
Primary 66 (8.8) 35(9.3) 31(8.3)
Secondary 225 (30.0) 124 (32.8) 101 (27.1)
Higher education including vocational 207 (27.6) 92 (24.3) 115 (30.8)
University 253 (33.7) 127 (33.6) 126 (33.8)
Clinical characteristics
Anthropometry
BMI, kg/m?, mean (SD) 29.0 (4.6) 29.2 (4.7) 28.7 (4.5)
BMI categories, kg/m?, n (%)
<27.5 343 (45.7) 159 (42.1) 184 (49.3)
>27.5 408 (54.3) 219 (57.9) 189 (50.7)
Waist circumference, cm, mean (SD) 95.2 (10.6) 95.3 (10.6) 95.0 (10.7)
Family history of diabetes in 1st-degree relatives, n (%) 432 (57.5) 228 (60.3) 204 (54.7)
History of gestational diabetes mellitus, n (%) women 60 (15.1) 32 (16.0) 28 (14.1)
Medical conditions, n (%)
Hypertension 326 (43.4) 167 (44.2) 159 (42.6)
Lipid disorders 274 (36.5) 145 (38.4) 129 (34.7)
Ischemic heart disease 36 (4.8) 18 (4.8) 18 (4.9)
Stroke 12 (1.6) 8(2.1) 4(1.1)
Other comorbidities 77 (10.3) 38 (10.1) 39 (10.5)
Blood pressure, mm Hg, mean (SD)
Systolic 129.2 (14.6) 129.7 (14.8) 128.7 (14.4)
Diastolic 84.0 (10.7) 84.2 (10.7) 83.7 (10.6)
Lipids, mmol/L, mean (SD)
Total cholesterol 5.0 (0.9) 5.0 (0.9) 5.0 (1.0
HDL cholesterol 1.3 (0.3) 1.3 (0.3) 1.3 (0.3)
Triglycerides 1.5(0.8) 1.6 (0.9) 1.5(0.7)
LDL cholesterol 3.0(0.9) 3.0 (0.9) 3.0(0.8)
Glycemic testing, mean (SD)
HbA1c, % 6.0 (0.4) 5.9 (0.4) 6.0 (0.4)
FPG, mmol/L 5.8 (0.6) 5.8 (0.6) 5.8 (0.6)
Continued
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Table 1 Continued
Overall Control Intervention
(n=751) (n=378) (n=373)
2-hour plasma glucose, mmol/L 8.9 (1.4) 9.0 (1.3) 8.9 (1.4)
Pre-diabetes classification, n (%)
Isolated IFG 100 (13.3) 38 (10.1) 62 (16.6)
Isolated IGT 480 (63.9) 245 (64.8) 235 (63.0)
IFG & IGT 171 (22.8) 95 (25.1) 76 (20.4)
Lifestyle risk factors and quality of life
EQ-5D-5L health-related quality of life, mean (SD)
Health utility score 0.96 (0.09) 0.96 (0.09) 0.95 (0.09)
EQ-VAS 79.9 (15.0) 80.1 (15.3) 79.7 (14.7)
Smoking, n (%)
Ex-smoker 52 (6.9) 28 (7.4) 24 (6.4)
No 651 (86.7) 327 (86.5) 324 (86.9)
Yes 48 (6.4) 23 (6.1) 25 (6.7)
Physical activity, MET-min per week, n (%)
<600* (not meeting recommendations) 275 (36.9) 135 (35.8) 140 (37.9)
>600* (meets recommendations) 471 (63.1) 242 (64.2) 229 (62.1)
Nutrient intaket, mean (SD)
Energy, kcal/day 2560 (1143) 2553 (1145) 2567 (1143)
Carbohydrate, %E 46.1 (8.3) 46.3 (7.7) 45.9 (8.8)
Protein, %E 16.4 (3.0) 16.2 (2.9) 16.5 (3.0)
Total fat, %E 36.8 (6.5) 36.7 (6.1) 37.0 (6.9)
Saturated fat, %E 13.3 (2.5) 13.4 (2.5) 13.2 (2.5)
Dietary fiber, g/1000 kcal 8.2 (2.0) 8.1 (2.0) 8.3 (2.0

Food group intaket, median (IQR)
Refined grains, g/1000 kcal
Whole grains, g/1000 kcal
Red meat, g/1000 kcal
Poultry, g/1000 kcal

Fresh seafood, g/1000 kcal 188

Dairy, g/1000 kcal
Total vegetables, g/1000 kcal
Fresh fruit, g/1000 kcal

156.0 (111.5-200.1)
28.2 (9.4-57.5)

21.1 (12.1-31.6)
19.3 (12.1-29.2)
9.5-22.9)
52.8 (26.7-95.1)
86.7 (68.8-108.3)
23.5 (8.1-46.0)

160.4 (117.0-203.3)
26.4 (7.0-51.9)

149.8 (107.9-196.2)
30.3 (11.6-62.0)
20.7 (11.4-32.1) 21.1 (12.3-31.3)
18.6 (11.8-28.3) 20.1 (12.7-30.5)
14.9 (9.3-22.6) 15.6 (9.9-23.3)
52.8 (27.7-96.2) 53.0 (26.2-93.0)
87.8 (71.5-108.2) 86.2 (66.8-108.3)
21.8 (7.4-43.5) 24.9 (9.4-47.5)

Numbers missing: employment status (n=1); waist circumference (n=1); medical conditions-hypertension (n=2); lipid disorders (n=2); ischemic heart
disease (n=2); stroke (n=3); LDL cholesterol (n=6); HbA1c (n=1); EQ-5D-5L (n=3); physical activity (n=5); dietary intake (n=1).
All comparisons between intervention and control groups have p values above 0.01. The comparison for pre-diabetes classification has p=0.02; all

other comparisons have p values above 0.05.

*600 MET-min is equivalent to 150 min of moderate-intensity physical activity.'®

TForty-three participants were excluded from analysis due to invalid daily energy intake (<500 kcal or >6000 kcal).

BMI, body mass index; EQ-5D-5L, EuroQol 5-dimension 5-level; EQ-VAS, EQ-5D-5L visual analog scale; FPG, fasting plasma glucose; HbA1c,
glycated hemoglobin; HDL, high-density lipoprotein; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; LDL, low-density lipoprotein;
MET-min, metabolic equivalent of task-minutes; Pre-DICTED, Pre-Diabetes Interventions and Continued Tracking to Ease-out Diabetes.

In terms of diet, there was no statistically significant
difference in the mean energy intake between ethnic
groups (table 3). Indian participants had the highest
carbohydrate (52.4% vs 44.9% and 48.4% energy for
Chinese and Malay participants, respectively) and dietary
fiber intake (10.0 vs 7.9 and 8.3g/1000 kcal) and the
lowest protein (13.5% vs 16.9% and 15.1% energy), total
fat (33.5% vs 37.4% and 36.2% energy) and saturated fat

(12.3% vs 13.4% and 13.5% energy) intake. They also had
the lowest intake of red meat (6.3 vs 23.8 and 11.1g/1000
kcal for Chinese and Malay participants, respectively),
poultry (8.2 vs 21.1 and 16.0g/1000 kcal), fresh seafood
(9.5 vs 16.0 and 15.2g/1000 kcal) and the highest intake
of dairy (70.2 vs 48.4 and 56.2g/1000 kcal). In contrast,
Chinese participants had the highest intake of vegetables
(90.9 vs 73.3 and 78.0g/1000 kcal for Malay and Indian
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Table 2 Demographic characteristics and diabetes risk
factors by sex in Pre-DICTED

Men Women P
(n=352) (n=399) value
Demographic
characteristics
Age, years, mean (SD)  52.8 (8.7) 52.3 (8.3) 0.35
Employment status, n <0.01
(%)
Employed or student 306 (87.2) 294 (73.7)
Homemaker 0 (0.0 69 (17.3)
Retired 30 (8.5) 14 (3.5)
Unemployed 15 (4.3) 22 (5.5)
Highest education level, <0.01
n (%)
Primary 22 (6.2) 44 (11.0)
Secondary 72 (20.5) 153 (38.3)
Higher education 110 (31.2) 97 (24.3)
including vocational
University 148 (42.0) 105 (26.3)
Clinical characteristics
BMI, kg/m?, mean (SD)  28.4 (4.1) 29.4 (5.0) <0.01
Medical conditions, n
(%)
Hypertension 175 (49.7) 151 (37.8) <0.01
Lipid disorders 148 (42.0) 126 (31.7) <0.01
Glycemic testing, mean
(SD)
HbA1c, % 5.9 (0.4) 6.0 (0.4) 0.58
FPG, mmol/L 5.8 (0.6) 5.8 (0.6) 0.97
2-hour plasma 9.0(1.4) 8.9 (1.4) 0.34
glucose, mmol/L
Lifestyle risk factors
Smoking, n (%) <0.01
Ex-smoker 49 (13.9) 3(0.8)
No 264 (75.0) 387 (97.0)
Yes 39 (11.1) 9 (2.3)
Physical activity, MET- <0.01
min per week, n (%)
<600* (not meeting 109 (31.2) 166 (41.8)
recommendations)
>600* (meets 240 (68.8) 231 (58.2)
recommendations)
Nutrient intaket, mean
(SD)
Energy, kcal/day 2738 (1188) 2413 (1084) <0.01

Carbohydrate, %E 459 (7.5) 46.2(8.9) 0.58
Protein, %E 16.2 (2.6) 16.5(3.3) 0.13
Total fat, %E 37.0(6.1) 36.7(6.9) 0.56
Saturated fat, %E 13.7 (2.4) 12.9 (2.5) <0.01
Continued

Table 2 Continued

Men Women P
(n=352) (n=399) value

Dietary fiber, g/1000 7.8 (1.8) 8.5 (2.0) <0.01

kcal

Food group intaket,
median (IQR)

Refined grains, g/1000 161.6 150.4 (103.0- 0.02

kcal (120.8- 197.0)
205.1)

Whole grains, g/1000 26.2 (7.2- 29.8 (11.0- 0.07

kcal 53.5) 59.5)

Red meat, g/1000 kcal 22.8 (14.7- 19.1 (9.8- <0.01
34.1) 29.1)

Poultry, g/1000 kcal ~ 19.4 (12.8- 19.2 (11.3- 0.84
27.8) 31.0)

Fresh seafood, g/1000 14.6 (9.7- 16.0 (9.5- 0.11

kcal 21.9) 24.2)

Dairy, g/1000 kcal 49.0 (25.2- 53.9(29.9- 0.13
93.1) 97.0)

Total vegetables, 85.4 (69.8—- 87.8(68.5- 0.16

/1000 kcal 103.6) 111.7)

Fresh fruit, g/1000 20.0(7.1- 27.6(9.9- <0.01

kcal 42.0) 53.0)

Numbers missing: employment status (n=1), HbA1c (n=1), physical
activity (n=5), dietary intake (n=1).

*600 MET-min is equivalent to 150 min of moderate-intensity
physical activity.'®

TForty-three participants were excluded from analysis due to
invalid daily energy intake (<500kcal or 26000 kcal).

BMI, body mass index; FPG, fasting plasma glucose; HbA1c,
glycated hemoglobin; MET-min, metabolic equivalent of task-
minutes; Pre-DICTED, Pre-Diabetes Interventions and Continued
Tracking to Ease-out Diabetes.

participants, respectively). No significant difference
was observed in the other food groups between ethnic
groups.

Comparison with other diabetes prevention and pre-diabetes
management programs

The study design and baseline characteristics of Pre-
DICTED are compared with other diabetes prevention
and pre-diabetes management programs in table 4. The
baseline glycemic profile (mean FPG, 2-hour plasma
glucose, HbAlc) in Pre-DICTED is similar to those in the
landmark diabetes prevention trials (US Diabetes Preven-
tion Program (DPP),"” *! Finnish Diabetes Prevention
Study (DPS)," ** Da Qing IGT and Diabetes Study').
Compared with other Asian diabetes prevention and pre-
diabetes management programs, Pre-DICTED partici-
pants had a similar or higher mean 2-hour plasma glucose
concentration. Due to differences in inclusion criteria,
the Pre-DICTED cohort had a lower percentage of
isolated IFG participants (13.3%), compared with D-CLIP
(30.1%)'* and the Zensharen Study for Prevention of
Lifestyle Diseases (59.1%).* Whereas Pre-DICTED used
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Table 3 Diabetes risk factors by ethnicity in Pre-DICTED

Chinese Malay Indian
(n=581) (n=67) (n=78) P value
Age, years, mean (SD) 52.8 (8.4) 51.5(8.9) 52.2 (7.9) 0.42
BMI, kg/m?, mean (SD) 28.4 (4.3) 31.4 (4.6) 31.2 (5.6) <0.01
Waist circumference, cm, mean (SD) 94.3 (10.4) 95.6 (8.6) 101.3 (11.8) <0.01
Family history of diabetes in 1st-degree 316 (54.4) 40 (59.7) 63 (80.8) <0.01
relatives, n (%)
History of gestational diabetes mellitus, n (%) 46 (16.0) 6(12.8) 7 (14.0) 0.82
women
Glycemic testing, mean (SD)
HbA1c, % 5.9 (0.5) 6.0 (0.4) 6.1 (0.3) 0.02
FPG, mmol/L 5.8 (0.6) 5.8 (0.5) 5.9 (0.6) 0.07
2-hour plasma glucose, mmol/L 8.9 (1.4) 8.9 (1.3) 8.9 (1.3) 0.98
Physical activity, MET-min per week, n (%) 0.24
<600* (not meeting recommendations) 212 (36.6) 22 (32.8) 35 (45.5)
>600* (meets recommendations) 367 (63.4) 45 (67.2) 42 (54.5)
Nutrient intaket, mean (SD)
Energy, kcal/day 2586 (1149) 2492 (1131) 2342 (1123) 0.21
Carbohydrate, %E 44.9 (8.1) 48.4 (6.7) 52.4 (8.1) <0.01
Protein, %E 16.9 (2.8) 15.1 (2.4) 13.5 (2.5) <0.01
Total fat, %E 37.4 (6.5) 36.2 (5.6) 33.5 (6.5) <0.01
Saturated fat, %E 13.4 (2.4) 13.5(2.5) 12.3 (2.8) <0.01
Dietary fiber, g/1000 kcal 7.9(1.7) 8.3 (2.0) 10.0 (2.4) <0.01
Food group intaket, median (IQR)
Refined grains, g/1000 kcal 153.0 (110.5-197.8)  156.6 (103.8-203.9) 171.5(132.7-206.9) 0.10
Whole grains, g/1000 kcall 29.8 (10.2-60.6) 21.9 (5.7-40.3) 24.8 (8.1-42.6) 0.06
Red meat, g/1000 kcal 23.8 (16.4-34.4) 11.1 (7.0-18.8) 6.3 (2.8-10.0) <0.01
Poultry, g/1000 kcal 21.1 (14.6-31.3) 16.0 (8.7-20.6) 8.2 (2.9-13.6) <0.01
Fresh seafood, g/1000 kcal 16.0 (10.6-23.5) 15.2 (10.6-21.2) 9.5 (5.2-15.6) <0.01
Dairy, /1000 kcal 48.4 (24.9-87.0) 56.2 (31.5-95.1) 70.2 (45.8-123.6) <0.01
Total vegetables, g/1000 kcal 90.9 (72.5-111.7) 73.3 (56.8-89.2) 78.0 (58.6-95.9) <0.01
Fresh fruit, g/1000 kcal 23.5 (7.9-46.0) 23.1 (10.7-40.6) 28.7 (9.0-58.0) 0.57

Numbers missing: waist circumference (n=1), HbA1c (n=1), physical activity (n=3), dietary intake (n=1).

*600 MET-min is equivalent to 150 min of moderate-intensity physical activity.'®

TForty-three participants were excluded from analysis due to invalid daily energy intake (<500 kcal or >6000 kcal).

BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; MET-min, metabolic equivalent of task-minutes; Pre-DICTED,

Pre-Diabetes Interventions and Continued Tracking to Ease-out Diabetes.

the WHO criteria to identify participants with IFG (FPG
6.1-6.9 mmol/ L),24 D-CLIP and the Zensharen Study
used the more permissive American Diabetes Association
criteria (FPG 5.6-6.9mmol/L).'*# %

At baseline, the mean age in the Pre-DICTED cohort
(52.5 years) was similar to the median age in the Beijing
Prediabetes Reversion Program (53 years),”® but higher
compared with D-CLIP, Kerala DPP, Indian DPP and the
Da Qing IGT Study.'*"*?” Moreover, the mean BMI in
Pre-DICTED was higher compared with all other Asian
studies under consideration (table 4). This is partly due
to differences in the BMI inclusion criteria (D-CLIP:
BMI >23kg/ m?, or waist circumference >90 cm for men
and >80cm for women in D-CLIP; Beijing Prediabetes

Reversion Program: 22 kg/m’<BMI<35kg/m* no BMI
inclusion criteria for the Da Qing Study, Indian DPP and
Kerala DPP), and may additionally reflect demographic
differences as well as the growing prevalence of over-
weight and obesity in Asia.

Compared with the US DPP and Finnish DPS, Pre-
DICTED participants had lower mean BMI. However,
despite the lower BMI, the Pre-DICTED and US DPP
cohorts had similar mean lipid profile and systolic/
diastolic blood pressure (table 4), and Pre-DICTED partic-
ipants were more likely to report a history of hyperten-
sion and lipid disorders (43.4% and 36.5%, respectively,
in Pre-DICTED; 34.6% and 26.9% with hypertension and
high cholesterol, respectively, in the US DPP).?! This is
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consistent with earlier studies indicating that cardiovas-
cular disease risk factors occurred in Asian populations
at a lower BMI compared with European populations.*®

CONCLUSION

The Pre-DICTED trial is a large randomized clinical
trial that evaluates the effectiveness of an incentivized
community-based stepwise program (lifestyle modifi-
cation, with addition of metformin where needed) at
lowering diabetes risk in overweight adults with pre-
diabetes in Singapore. Baseline results indicate that the
control and intervention groups had similar sociodemo-
graphic characteristics and diabetes risk. Most partici-
pants (63.9%) had isolated IGT, 22.8% had both IFG and
IGT, and only 13.3% had isolated IFG. The mean age of
the cohort was 52.5 years and the mean BMI was 29.0 kg/
m®. Compared with cohorts from other Asian diabetes
prevention studies, the Pre-DICTED cohort showed a
higher risk profile: participants had higher mean age and
BMI.

The Pre-DICTED cohort showed a higher risk profile
compared with the resident population of Singapore.
Cardiometabolic risk factors were more prevalent in Pre-
DICTED. All Pre-DICTED participants have elevated BMI
(BMI>28.0kg/m®) by trial design, and about half (54.3%)
had high-risk BMI (BMI >27.5kg/ m?). In contrast, only
21% of all individuals and 35% of elevated-BMI indi-
viduals had high-risk BMI in the Singapore National
Population Health Survey (NPHS) 2020.* In addition,
the Pre-DICTED cohort was less likely to meet physical
activity and dietary recommendations. Sixty-three per
cent of the Pre-DICTED cohort met the WHO physical
activity recommendations, compared with 76% of NPHS
2020 respondents.” Mean total daily energy (2560 vs
2470 kcal) and total fat intake (37% vs 35% energy) were
higher in the Pre-DICTED cohort compared with respon-
dents of the 2018 National Nutrition Survey,” and mean
saturated fat intake (13%) was above the recommended
level (10% of total energy intake).

The baseline results indicate that there is heteroge-
neity in lifestyle risk factors between men and women, as
well as between Chinese, Malay and Indian participants.
Women were less likely to meet physical activity recom-
mendations compared with men, but they had higher
intake of dietary fiber and fresh fruits and lower intake of
refined grains, red meat and saturated fat. In the compar-
ison between ethnic groups, Indian participants were the
least likely to meet physical activity recommendations, but
had higher dietary fiber intake, lower saturated fat intake
and lower red meat, poultry and seafood intake than
Chinese and Malay participants. These baseline differ-
ences in physical activity and dietary intake are generally
consistent with prior studies on dietary intake and their
cultural determinants,29 31-36 and may suggest a need for
a sex/ethnicity-sensitive approach to conducting lifestyle
intervention programs.

As a pragmatic trial that aims to replicate the benefits
of landmark efficacy trials while conserving healthcare
resources, Pre-DICTED offers a common lifestyle modi-
fication curriculum for all intervention participants.
Whereas landmark explanatory trials such as the US
DPP,10 the Finnish DPS,11 22 and the Da Qing IGT and
Diabetes Study'?® provided lifestyle counseling sessions on
an individual basis, the Pre-DICTED Program consists of
group-based classes. Although the group-based classes do
not provide recommendations tailored to an individual’s
risk profile, a variety of meal plans and physical activi-
ties are provided as examples during the lifestyle modi-
fication sessions. Moreover, intervention participants are
guided to set their own individual goals during the goal-
setting session, and there is flexibility as to how the partic-
ipants choose to work towards the 5% weight loss goal.

The intervention program of Pre-DICTED differs
from most existing DPPs in the stepwise addition of
metformin: metformin is offered to intervention partic-
ipants at follow-up visits if they remain at a high risk of
developing diabetes despite the lifestyle modification
classes."” In that regard, Pre-DICTED is most similar to
D-CLIP: both are community-based stepwise programs
that supplement lifestyle intervention with metformin
where needed. The key difference in contrast to D-CLIP
is that the Pre-DICTED Program includes financial incen-
tives that encourage participants to (1) attend the life-
style modification classes, and (2) achieve and maintain
a weight loss of at least 5%. Poor program attendance
limits the effectiveness of community-based programs,
and extrinsic incentives are a potential solution: random-
ized trials with Medicaid participants with pre-diabetes
in the USA have shown that adding session-based finan-
cial incentives to a community DPP improves session
attendance.”™ Given the importance of weight loss for
diabetes risk reduction,”™* the Pre-DICTED Program
also offers incentives for weight loss. Financial incentives
have been shown to improve weight loss and weight loss
maintenance when combined with an evidence-based
weight loss program.***

The baseline characteristics indicate some limitations
of the Pre-DICTED trial. The Pre-DICTED cohort is
more highly educated, compared with the general popu-
lation: 91.2% of the cohort had at least secondary educa-
tion, compared with 75.5% of the general population.*®
This is partly due to the upper age limit of 64 years in
the inclusion criteria, and marked increases in educa-
tional attainment with decreasing cohort age in Singa-
pore.*® Nonetheless, after taking demographic trends
into account, individuals with only primary education
are still underrepresented in Pre-DICTED. The Pre-
DICTED cohort also shows a slight under-representation
of Malays. Malay, Indian and Chinese individuals formed
8.9%, 10.4% and 77.4%, respectively, of the Pre-DICTED
cohort, compared with 13.5%, 9.0% and 74.3% of the
Singapore resident population.*® Since participants
were referred to Pre-DICTED by physicians in primary
care clinics, self-referral or community screening
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programs—similar to what would occur in a real-world
prevention program—the representation discrepancies
can be seen as indicating education-based or ethnic-
based preferences in prevention program participa-
tion. If so, this may suggest a need for more measures
to enable and encourage health-seeking behaviors in
under-represented groups. Lastly, while future subgroup
analyses by sex and ethnicity could give an indication of
the intervention effect in these groups, the trial was not
powered for such analyses."”

Overall, the baseline data indicate that Pre-DICTED
had recruited an appropriate high-risk cohort to study
the effect of a stepwise intervention on diabetes preven-
tion. Pre-DICTED participants had high BMI, low levels
of physical activity and high levels of calorie intake, rela-
tive to the Singapore general population and national
recommendations. These factors place them at a higher
risk of developing T2D, are modifiable, and are targeted
by the intervention program. The inclusion of a main-
tenance phase and financial incentives to promote
sustained lifestyle modification marks a departure from
the landmark diabetes prevention trials as well as the
pragmatic contemporary diabetes prevention programs
designed for high-risk Asian adults. The results from the
Pre-DICTED trial will provide further insight on diabetes
prevention in an urban Asian context and serve to inform
Singapore’s health policy and strategy.
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