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Abstract

Introduction India currently has more than 74.2 million people with Type 2 Diabetes Mellitus (T2DM). This is pre-
dicted to increase to 124.9 million by 2045. In combination with controlling blood glucose levels among those with
T2DM, preventing the onset of diabetes among those at high risk of developing it is essential. Although many dia-
betes prevention interventions have been implemented in resource-limited settings in recent years, there is limited
evidence about their long-term effectiveness, cost-effectiveness, and sustainability. Moreover, evidence on the impact
of a diabetes prevention program on cardiovascular risk over time is limited.

Objectives The overall aim of this study is to evaluate the long-term cardiometabolic effects of the Kerala Diabe-

tes Prevention Program (K-DPP). Specific aims are 1) to measure the long-term effectiveness of K-DPP on diabetes
incidence and cardiometabolic risk after nine years from participant recruitment; 2) to assess retinal microvasculature,
microalbuminuria, and ECG abnormalities and their association with cardiometabolic risk factors over nine years of the
intervention; 3) to evaluate the long-term cost-effectiveness and return on investment of the K-DPP; and 4) to assess
the sustainability of community engagement, peer-support, and other related community activities after nine years.

Methods The nine-year follow-up study aims to reach all 1007 study participants (500 intervention and 507 control)
from 60 randomized polling areas recruited to the original trial. Data are being collected in two phases. In phase 1
(Survey), we are admintsering a structured questionnaire, undertake physical measurements, and collect blood and
urine samples for biochemical analysis. In phase Il, we are inviting participants to undergo retinal imaging, body
composition measurements, and ECG. All data collection is being conducted by trained Nurses. The primary outcome
is the incidence of T2DM. Secondary outcomes include behavioral, psychosocial, clinical, biochemical, and retinal
vasculature measures. Data analysis strategies include a comparison of outcome indicators with baseline, and follow-
up measurements conducted at 12 and 24 months. Analysis of the long-term cost-effectiveness of the intervention is
planned.

Discussion Findings from this follow-up study will contribute to improved policy and practice regarding the long-
term effects of lifestyle interventions for diabetes prevention in India and other resource-limited settings.
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Trial registration Australia and New Zealand Clinical Trials Registry—(updated from the original trial)

ACTRN12611000262909; India: CTRI/2021/10/037191.
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Introduction

Based on recent estimates, there are 537 million people
with diabetes globally with 433 million (80.6%) living in
low and middle-income countries such as India [1]. The
global number of people with diabetes is projected to
reach 783 million by 2045. It is estimated that 94% of this
increase will occur in low and middle-income countries.
Almost 90% of people with undiagnosed diabetes live in
low- and middle-income countries [1].

India has the second highest number of people with
diabetes (74.2 million), accounting for 1 in 7 of all adults
living with diabetes worldwide, and this is expected to
increase to 124.9 million by 2045. About 57% of the esti-
mated number of people with diabetes in India are undi-
agnosed [2]. Partly due to its large population size, India
has the second-highest annual number of deaths from
diabetes, approximately 0.6 million [1]. In this regard, the
prevention and management of diabetes, through com-
munity-based approaches need urgent attention [3].

The efficacy, effectiveness, and implementation of life-
style interventions aimed at preventing the onset of type
2 diabetes have been well-established at least in high-
income countries. A review of 38 implementation trials
has demonstrated a reduction in type 2 diabetes inci-
dence of between 40-60% [4]. The lifestyle interventions
used in these implementation trials have been shown to
be more effective when delivered via groups, such as peer
support groups. However, most of the trials have been
conducted in high-income countries. In addition, there
is limited evidence about their effects and sustainability
after the active intervention phase.

In this study protocol paper, we briefly discuss the find-
ings of a community-based diabetes prevention program
conducted in the Indian state of Kerala, the Kerala Dia-
betes Prevention Program (K-DPP), from 2013-2016. We
also present the rationale to conduct a nine-year follow-
up of the original K-DPP participants; the aims, measures
to be undertaken, and the analysis plan.

Summary of Kerala Diabetes Prevention Program
(K-DPP) findings at 12 and 24 months

The Kerala Diabetes Prevention Program (K-DPP) is a
cluster randomized trial of a group-based and peer-led
lifestyle intervention among adults at high-risk for type 2
diabetes in Kerala, India [5]. The intervention was adapted
from evidence-based lifestyle interventions implemented

in high-income countries, namely, Finland, the United
States, and Australia [6]. A total of 60 polling areas (1007
participants) were randomized to the intervention arm
(500 participants) or control arm (507 participants) in
rural Kerala, India. The intervention was administered
over 12 months period. Data on sociodemographic factors,
lifestyle or behavioral factors, psychosocial, anthropomet-
ric, and biochemical measures were collected at baseline,
12 months, and 24 months. Among K-DPP participants,
diabetes had developed in 17.1% of control participants
and 14.9% of intervention participants (RR=0.88; 95% CI:
0.66 -1.16, P=0.36) at 24 months [7]. There was a signifi-
cant reduction in diabetes incidence among a sub-group
of participants with impaired glucose tolerance (IGT)
(RR=0.61, 95% CI: 0.41-0.92) in keeping with findings
from the landmark clinical trials conducted on people with
IGT [8-10]. The K-DPP program was also associated with
a 32% reduction in 10-year cardiovascular disease (CVD)
risk in the intervention group compared to the control
group (RR=0.68; 95% CI: 0.47-0.99; P=0.047) among
those aged 40 years or more [11]. Effectiveness evaluation
has demonstrated significant improvements in certain key
CVD risk factors and the physical functioning score of the
health-related Quality of life (HRQoL) scale [7]. Moreover,
this community-based peer-support lifestyle intervention
was found to be cost-effective in individuals at high risk of
developing diabetes in India over a 2-year period [11, 12].
The implementation evaluation has shown that the K-DPP
program was feasible and acceptable in changing lifestyle
behaviors in high-risk individuals [13]. Measures of pro-
gram reach, adoption, and implementation were excellent
for K-DPP. Twenty-nine of the 30 intervention communi-
ties delivered all intervention components. Two-thirds of
intervention participants attended more than 50% of all
peer-led group sessions and program recognition was high
among local leaders and champions. There was also very
strong community engagement and program sustainabil-
ity in intervention communities at 24 months with 29/30
groups having conducted other diabetes prevention and
health promotion activities in their communities [13].

Rationale for long-term follow-up of K-DPP
participants

Diabetes incidence and cardiometablic risk

There is limited long-term data on the effect of life-
style interventions on diabetes incidence and cardio-
mentabolic risk, especially in low- and middle-income
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countries. Extended follow-up studies of previous life-
style intervention studies, such as the Da Qing Diabetes
Prevention Study and the U.S. Diabetes Prevention Pro-
gram, showed benefits in reducing cardiovascular events
after many years of follow-up [14, 15]. However, the cur-
rent evidence is limited and more follow-up studies, par-
ticularly from resource-constrained settings, are needed
to address this gap. The additional nine years of follow-
up in K-DPP enable an assessment of the long-term ben-
efit of lifestyle interventions in terms of reducing diabetes
incidence and other cardiometabolic risk. Current and
more detailed analyses, including measures of glycemic
levels, serum lipids, heart function (ECG), renal function,
and the retinal microvaculature, can supplement previ-
ous findings. Given the strong study findings and trends
at 24 montbhs, it is now important to undertake longterm
follow-up to evaluate the program effectiveness, cost-
effectiveness, and sustainability of K-DPP.

Multimorbidity

Diabetes mellitus is one of the main drivers of multimor-
bidity as it is associated with a large number of risk fac-
tors and complications [16]. Consequently, patients with
type 2 diabetes mellitus often live with and develop mul-
tiple co-occurring conditions with negative impacts on
disease management and quality of life [17]. Given the
rich baseline and short-term follow-up data from peo-
ple at high risk of diabetes at enrolment, K-DPP would
enable an analysis of progressive development of vari-
ous multimorbidities, including heart disease and kidney
disease, over time in the study population. It also enables
evaluation of the association between multimorbidity
and glycemic levels in this population.

Retinal vasculature

Changes in the retinal microvasculature, such as retinal
arteriolar narrowing, venular dilatation, and retinopathy,
have been associated with various systemic conditions,
including impaired fasting glucose, obesity, blood pres-
sure, incident hypertension, incident diabetes, and car-
diovascular disease [18]. Retinal vascular calibre has been
shown, in prospective cohorts, to be a predictor of type 2
diabetes and impaired fasting glucose. More recent stud-
ies and analyses implicate that a wider retinal venular
calibre is a marker of chronic hyperglycemia, prediabe-
tes, and microvascular complications of diabetic retinop-
athy and nephropathy [19]. Wider retinal venular calibre
has also been associated changes in body composition,
carotid artery disease, incident coronary heart disease,
and incident stroke [20]. As compared to retinal venular
changes, retinal arteriolar changes are more predictive
of hypertension-related comorbidities [21]. Retinal vas-
cular geometry alterations are a novel marker to predict
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the progression of retinopathy [22]. A follow-up study of
K-DPP enables evaluation of the differences in the retinal
vasculature between the intervention group and control
group who were at high risk for diabetes at enrolment. It
will also enable an analysis of anthropological and meta-
bolic parameters that influence retinal vasculature meas-
urements and their differences between groups.

Methods
Study aims
The overall aim of this study is to evaluate the long-
term effects of the K-DPP on diabetes incidence and
cardiometabolic risk at nine years following participant
recruitment.

The specific objectives are:

1) To estimate the effects of K-DPP on diabetes inci-
dence and cardiometabolic risk at nine years

2) To assess retinal microvasculature, microalbuminu-
ria, and electrocardiogram (ECG) abnormalities and
their association with incident diabetes and cardio-
metabolic risk factors

3) To evaluate the cost-effectiveness and return on
investment of the K-DPP at nine years

4) To assess the sustainability of community engage-
ment, peer support, and other related community
activities after nine years

Study design and setting/context

The current study is the nineth-year follow-up assess-
ment of the K-DPP. The protocol paper for the original
trial has been published elsewhere [5]. K-DPP was a clus-
ter RCT conducted in 60 polling areas (clusters, electoral
divisions with geographical boundaries) of Neyyattinkara
taluk (subdistrict) in Trivandrum district, Kerala state,
India. Participants were screened and recruited in 2013
and the 12-month intervention was completed in 2013—
2014 [23, 24]. The study area has been affected by floods
during monsoon season in more recent years [25]. par-
ticularly the study areas of Kattakada and Neyyatinkara.
The continuum of care for chronic diseases during
this period was affected adversely due to the impact on
access to care and increased risk of other medical condi-
tions. The recent COVID-19 pandemic has also severely
affected the study area with cases peaking in October
2020, May 2021, and August 2021 [9]. Additionally, travel
restrictions during lockdowns during COVID pandemic
posed discontinuities in NCD care [26].

Study population
The study population for K-DPP is adults 30—60 years of
age who were at high risk for diabetes based on the Indian
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Diabetes Risk Score (IDRS > 60) [27] at the time of enrol-
ment. Of the total 1007 participants who were enrolled in
K-DPP, 47% were females. Each peer group selected two
peer leaders (one male and one female) from among the
participants with the assistance of the intervention team.
The 60 peer groups each with 10 to 23 participants had
an approximately equal number of males and females.
The peer leaders were trained by the intervention team
consisted of an intervention manager and an intervention
assistant to deliver the intervention [7].

Sample size

Primary outcomes

Based on the available data at 12 and 24 months, we
anticipate more than 90% of K-DPP participants at base-
line can provide complete and valid data for all key meas-
ures underlying diabetes incidence and 10-year CVD risk
predicted using the Framingham Risk Score [28] at nine
years. The proportion of participants (> 40 years of age at
baseline) at high-rosk of CVD (with a predicted 10-year
CVD risk greater than 20% [29]) is expected to be 34.5%
in the control arm (n=2348) versus 17.9% in the K-DPP
arm (n=337) after nine years, assuming a linear increas-
ing trend overtime based on our data so far. The power to
detect this difference is more than 97% when accounting
for an intra-cluster correlation of 0.02 at a two-sided 5%
level of significance.

Secondary outcomes

Loss to follow-up has been very low so far, ie.,<5% at
24 months and a 7-year cohort study conducted in the
same region had a follow-up rate of 92% [30]. Assuming
missing data (i.e., no lost outcome data due to reasons
such as loss-to-follow-up or no blood sample) reaches
18% in the control arm and 22% in the intervention arm,
415 and 390 participants in the control and intervention
arm, respectively are predicted to provide data at 9-years
of follow-up. With the sample sizes of 415 and 390 par-
ticipants in the control and intervention arms respec-
tively, we shall be able to detect an effect size (i.e., the
absolute difference in means divided by standard devia-
tion) in other continuous outcomes (e.g., anthropomet-
ric, BP, microvascular and cholesterol measurements)
of 0.23 with 80% power at the two-sided 5% significance
level, when accounting for an intra-cluster correlation of
0.02. Power was derived using power twoprop and clus-
tersampsi in Stata software (version 17 StataCorp LP,
College Station, TX, USA).

Intervention
Detailed description of the cultural adaptation and
development of the K-DPP intervention has been
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published previously [6, 31]. Briefly, K-DPP involved a
12-month peer-support program that consisted of 15
group sessions: an introductory session delivered by the
K-DPP team; two education sessions conducted by local
experts; and 12 sessions delivered by trained lay peer
leaders. Group sessions were held in the local commu-
nity in a convenient neighbourhood facility and at con-
venient time during weekends. The peer group sessions
aimed to increase physical activity, promote healthy
eating habits, maintain appropriate body weight by bal-
ancing calorie intake and physical activity, tobacco cessa-
tion, reduce alcohol consumption, and ensure adequate
sleep. In the control communities, an educational book-
let concerning information about diabetes and its risk
factors, as well as standard advice about lifestyle change
were provided. After the implementation of interven-
tions, a 12-month and 24-month follow-up assessment
was conducted [5, 6].

Data collection instruments and measurements

Most of the measurements undertaken in previous
rounds of assessment are also undertaken in this follow-
up assessment (Table 1). A detailed description of these
measurements has been published [5]. Newly added
measurements include an assessment of the retinal
microvasculature, ECG, multimorbidity questionnaire,
urine albumin, serum creatinine, sedentary behavior, and
community engagement/sustainability questions. The
measurements used in all rounds of assessment are sum-
marized in Table 1 below.

Data collection procedures

The research team

The research team consist of three research nurses, a
research associate, and a project manager. The team
attended a five-day training on the study objectives, data
collection tools, and data collection procedures. They
have also receive additional training on data entry using
RedCap, Retinal Imaging, ECG, and TANITA measure-
ments. Each of these training has practical sessions.

Phase I (Survey) data collection: In this phase, the
research team collects Questionnaire-based data includ-
ing weight and BP measurements and biochemical
(blood and urine) samples. Members of the research
team visit the houses of participants to collect data and
samples. The samples are be transferred to A labora-
tory accredited by the National Accreditation Board for
Laboratories(NABL) for testing.

Phase 1I (community-based clinics) data collection:
In this phase, we identify fixed facilities in which all the
equipment can be placed and organize community-based
clinics at these community facilities on specific dates and
invite participants to have their measurements (height,
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Table 1 Measurements included in the four time points of assessment

Variable Component Measurement tools/questions  Baseline 12 months 24 months 9-Years
Socio-demography Age, sex, marital status, education, religion, occupation, household v v v v
size, and monthly household expenditure
Behavioral measures Tobacco use WHO STEPS questionnaire [32] v v 4 v
Alcohol use WHO STEPS questionnaire [32] v v v v
Physical activity Global Physical Activity Question- v v v v
naire [33]
Sedentary behavior Sitting and screen time X X X v
Sedentary behavior Time spent in front of a screen v v v v
[34]
Diet Food Frequency Questionnaire v v v X
[35]
Diabetes knowledge Barriers to healthy eating Scale designed for trial v v v v
Barriers to PA Adapted from Booth et al. [36] v v v v
Self-efficacy Adapted Schwarzer and Renner v/ v v v
[37]
Psychosocial measures Depression Patient Health Questionnaire-9 v v v v
[38]
Stress Chronic stress scale used in MESA v v v v
study [39]
Anxiety General anxiety disorder scale v v v v
[40]
HRQoL Short Form-36 [41] v v v v
Social support ENRICHD social support scale [42] v v v v
Life satisfaction Single question: Satisfaction v v v v
with life
Medical history Medical history CVD and diabetes-related medi- v v v 4
cations
Family history Updated family history of disease v/ v v v
Multimorbidity Adapted from the WHO SAGE X X X v
questionnaire [43]
Clinical measures Anthropometry Waist circumference (Seca meas- v/ v v v
uring tape)
Height (Seca stadiometer) v v v X
Weight and body composition v v v v
(TANITA)
Bioimpedance (TANITA) v v v v
Blood pressure Omron automatic blood pressure v/ v v v
monitor
Biochemical measures Pathology Glycaemic control (fasting plasma v/ v v v
glucose)
Glycaemic control -OGTT v v v X
Glycaemic control (HbATc) v 4 v v
Lipid profile (TBC, HDL, LDL, v 4 v v
triglycerides)
Serum creatinine X X X v
Urine albumin X X X v
Assessment of heart conditions ECG X X X v
Retinal microvasculature Retinal imaging measures(Retinal ~ X X X v
architecture, arteriolar and venu-
lar diameters, and tortuosity) [44]
Mortality Status and self-reported causes X X X v

of death
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Table 1 (continued)
Variable Component Measurement tools/questions  Baseline 12 months 24 months 9-Years

Economic Evaluation Healthcare utilization

Direct and indirect costs associ- v v v v

ated with outpatient and inpa-
tient healthcare services, sources
of financing, and time away from
work due to ill health +SF-36

Community engagement Sustainability

Sustainability — continued X X X v

engagement in peer groups/
activities; contacts with peer
leaders; intention to continue
engagement

WHOWorld Health Organization, SF-36 Short Form 36, MESA Multi-Ethnic Study of Atherosclerosis, OGTT Oral Glucose Tolerance Test, TBC Total Blood Cholesterol,

HDL High Density Lipoprotein, LDL Low Density Lipopotein

body composition analyzer (TANITA), refractometry,
retinal measurements, and ECG)undertaken.

Strategy to reach out to participants after nine years

During the preparation phase of the K-DPP follow-up
study, participants were contacted via phone to check
their availability and willingness to participate in the
follow-up study. Unique K-DPP identification numbers
and contact details of the study participants and local
resource persons (LRP) from the previous assessments
were used to reach to participants. For the survey data
collection, the study team visited the homes of partici-
pants. Repeat visits are being organized if participants
are not available on the first visit. The participants who
denied consent are not part of the current evaluation.
Concerted efforts to reach out to the missing participants
(The participants who are not available at the time of data
collection and whose contact details could not be traced)
are being made. For community-based clinics, partici-
pants are invited to undertake the measurements.

Long-term effectiveness outcomes

The key study outcomes are the incidence of diabetes and
CVD risk at nine years after the intervention. Other pri-
mary outcomes include Blood pressure, weight, HbAlc,
triglycerides, SF-36, and tobacco. Additionally, body
mass index, fat percent, muscle mass, waist circumfer-
ence, diastolic blood pressure, Fasting Plasma Glucose,
lipid profile (total cholesterol, LDL cholesterol, and HDL
cholesterol), current alcohol use, diet, and physical activ-
ity will be assessed. New measures of pre-clinical retinal
microvasculature, heart function and renal disease are
also being assessed. We are also considering multimor-
bidity as a secondary outcome in this follow-up study.
Anthropometry and behavioral measures

Anthropometry (weight, total body fat percent, muscle
mass, waist circumference) and Blood Pressure are meas-
ured using standard protocols. Self-reported physical

activity and sedentary behavior are estimated using the
Global physical activity questionnaire (GPAQ). Fruit and
vegetable consumption, alcohol use, and tobacco use are
assessed using the WHO STEPs Questionnaire.

Two TANITA machines (model SC330) used in the
previous rounds of assessment were sent to the desig-
nated national TANITA service center for recalibration.
Weight and body composition parameters will be meas-
ured using these TANITA body composition analyzers
while the participant is standing still without footwear,
with one foot on each side of the scale, facing forward,
and arms at their side.

Retinal vasculature measurement

A CANON CR-2/Plus/AF RX non-mydriatic retinal cam-
era is being used to obtain retinal images. Two images of
each eye are being taken (macular centred and disc cen-
tred), following a standard protocol. Image quality will
be continuously monitored throughout the study. Images
will be graded using fully automated software providing
measures of arteriolar and venular diameter and tortu-
osity. The refractive status of the eyes are being assessed
using aCanon RK-F2 Autorefractometer.

ECG

We are using ECG equipment (KardioScreen-1612)
to acquire the report that is being asssed to determine
whether the ECG waves and intervals are normal or path-
ological. A standard operating procedure adapted from
the American College of Cardiology guidelines [45]. Kar-
dioScreen records 12-lead ECG and works along with an
application on Android Tablet/Mobile. ECGs are being
recorded in a standardized way with the patient in the
supine position, and leads will be placed. The patient’s
clinical history is recorded along with the ECG. The
application records ECG readings and stores them on the
Cloud. A real-time automatic Al-based software (iMe-
drix) is fed by the recorded ECGs, and data classification
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and analytical monitoring of heart health parameters is
being done. This includes heart rate [14], PR, QT/QTc,
QRS duration, and the specific ECG patterns that occur
based on electrophysiological changes in a diseased heart.

Biochemistry

All biochemical measurements are following standard
procedures. Samples are being centrifuged within 30 min
of collection, and transported with dry ice to a nationally
accredited laboratory. Plasma glucose are being meas-
ured with the Hexokinase method on a COBAS 6000
analyzer, with kits supplied by Roche Diagnostics. The
quality of plasma glucose measurements from the pro-
posed laboratory is good for the K-DPP trial; the intra-
class correlation coefficient approached 1.0. HbAlc is
being measured by High-Performance Liquid Chroma-
tography on a D-10 BIORAD analyzer and lipids by enzy-
matic methods on COBAS 6000, kits supplied by Roche.

Microalbuminuria

The random urine samples are being processed using
Roche/Hitachi Cobas 501 analyzer system by Immu-
noturbidimetric assay with Roche reagent cassettes.
Before running the samples, quality control procedures
are being followed using Roche precinorm PUC and
Precipath PUC. Besides, a monthly Biorad EQAS urine
chemistry programme including microalbumin and cre-
atinine is also being followed. Cobas 501 system auto-
matically calculates microalbumin 24-h, random and
microalbumin and creatinine ratio.

Economic evaluation

The economic evaluation involves cost-effectiveness
analysis of the intervention from both the health system
and societal perspectives. The key outcome measure will
be Quality Adjusted Life Years (QALY), which will be
estimated using the utility values (SF-6D) derived from
the SF-36 survey form. Costs being assessed include both
direct medical and non-medical costs and indirect (lost
days of productivity) costs associated with the interven-
tion. These are be based on information on staff inputs
by duration and type and resource use collected during
the study. Any additional “knock-on” effect on hospital
admissions or outpatient service use is being quantified
and costed for each study participant. We are calculat-
ing direct costs to the health service and patients from
health facility records, project financial accounts, and
participant responses to a survey including questions on
health service use and spending. These analyses will be
based on updated estimates for health facility costs and
personal costs Personal costs to individuals will be col-
lected as part of the questionnaire administered to study
participants at nine years. These include transportation
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costs and out-of-pocket spending for health services
use, especially for medications and will capture how the
individual financed these costs (e.g., borrowing, asset
sales, dis-savings). Any indirect costs to patients arising
from being absent from work due to the intervention or
illness are also being estimated. Savings from lowered
health service use associated with the intervention are
subtracted from intervention costs to derive incremental
costs at the 9-year mark.

Program sustainability

We are assessing three key features of K-DPP program
sustainability at nine years from intervention using a
structured interview with K-DPP participants. This
assessment focuses on the past 12 months preceding the
assessment. The five main areas of assessment for pro-
gram sustainability are:

1) Participation in group/educational sessions and/or
peer group activities

2) Contact with peer leaders and/or group members

3) Current and future interest to participate in group
sessions/activities

4) Recent efforts made in relation to improving lifestyle
factors

5) Factors that would encourage or hinder participation
in peer group activities

Data management plan

The survey, biomedical and clinical data

Data are being entered by the research team into the Red-
Cap database at SCTIMST servers. The database has vali-
dation checks for the values. Skip patterns are included
using branching logic functions. Each team member dou-
ble-checks the data s/he entered before synchronization.
The project manager checks the entered data on weekly
basis. Any data entry issues are rectified against the ques-
tionnaire. At 25%, 50%, 75%, and 100% of the data entry,
the project manager re-checks 10% of the data for qual-
ity. After data cleaning is complete, a master copy of the
dataset will be created and backed up. All data transfor-
mations (derivation of new variables) will be documented
in the data dictionary. All hardcopy and electronic data
will be properly secured at SCTIMST offices and servers.
Data sharing will be based on the guidelines stipulated by
the Data Management and Publications committee of the
project.

Retinal data

Image quality is being continuously monitored through-
out the study. Initially, the day’s images were reviewed on
site and feedback was provided to the photographer(s)
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immediately and appropriate measures have been taken
to ensure that the images are captured accurately. Dur-
ing subsequent camps / data acquisition during the study,
a few images per day are being sent for evaluation and
any concerns while taking the photograph will be sent
along with the images and a feedback is sent with com-
ments and suggestions within 48 h. In case of any emer-
gency, the contact persons can be contacted for problem
resolutions.

Images are being stored on the laptop computer and
backed up at the end of each day onto the external hard
drive and institutional repository. Each back-up is being
labelled by the date of back-up. Apart from quality con-
trol images, image transfer is be performed at the end of
the study by physical transfer of an external USB hard
drive. The best image for each eye will be uploaded into
the software for gradeability for each view and then all
measurement indices will be obtained.

The data from grading of retinal images will be entered
into the RedCap database of the K-DPP Follow-up study.
The Participant ID will be used to link the retinal imag-
ing data and the rest of the data from the K-DPP Follow-
up study. All data cleaning will be conducted in the same
database.

Statistical analysis

The two co-primary outcomes are diabetes incidence
and CVD risk. The analyses will observe the intention-
to-treat principle. A generalized estimating equation [46]
model with appropriate link function and robust stand-
ard errors to account for clustering at polling areas will
be fitted to estimate the relative risk (and 95% CI) for the
co-primary outcomes at nine years. The sensitivity of
the results to assumptions on the missing outcome data
underlying this model will be examined using the method
of multiple imputations to handle missing data and a pat-
tern-mixture model.

To evaluate the treatment effect on continuous out-
comes, a repeated measures mixed-effects linear regres-
sion model, adjusting for the baseline measures, will be
fitted. Any skewed continuous outcome variable may be
transformed before fitting this model. The model will
specify treatment, time-point, and treatment by time-
point interaction as fixed effects. Random effects will
be specified for polling areas, to account for the clus-
tered study design, and for participants, to account for
correlation between the repeated measurements on the
same participant. The estimated treatment effect (e.g.,
the absolute difference in means between the treat-
ment arms) at nine years and two-sided 95% CI will be
obtained. Binary other outcomes (e.g., diabetes) will be
analyzed using GEE models similar to that of the co-pri-
mary outcomes.
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The retinal image measurements will be compared
between the treatment and control groups on the impact
of a lifestyle modification program on pre-clinical
changes in the retinal microvasculature and its correla-
tion with cardiometabolic risk factors. Retinal imaging
measures will include measures retinal architecture such
as arteriolar and venular diameters and tortuosity.

The economic evaluation will consist of a cost-effec-
tiveness analysis that will compare the incremental costs
and 9-year effects (QALYs) between the study groups.
Generalized linear models (GLM) with gamma fam-
ily and log link components will be used to estimate the
incremental costs and QALYs and the results will be pre-
sented as incremental cost-effectiveness ratios (ICERs)
[47]. QALY models will be adjusted for the baseline utility
values (SF-6D). Uncertainty in the cost and QALY esti-
mates will be estimated by non-parametric bootstrapping
method [48] and the results will be graphically presented
as cost-effectiveness planes and cost-effectiveness accept-
ability curves. Several sensitivity analyses will be carried
out based on different assumptions about the costs, using
different discount rates (3%, 5% and 10% per annum), and
multiple imputation to assess the sensitivity of the main
results due missing cost and QALY data.

Quantitative descriptive analyses will use key indica-
tors—participation in group activities, maintenance of
contact with peer leaders, interest to participate in group
activities and recent effors made to improve lifestyle fac-
tors—to examine the extent of program sustainability
from program participants perspectives. Statistical analy-
ses will characterize the relationships among these indi-
cators and the patterns of maintenance of other outcome
measures over time.

Ethics approvals

For the K-DPP Follow-up study, we obtained Eth-
ics approval from the Institutional Review Board of
SCTIMST (ID: SCT/IEC/1349/APRIL-2019) and the
Alfred Human Research Ethics Committee (ID: 463/21).
Local approvals from HMSC and State Health Depart-
ments have been obtained before the start of data col-
lection. A participant information sheet that describes
the objectives of the study and the study procedures are
being provided to participants along with the informed
consent form. Participants provided written informed
consent for each phase of the study.

Discussion

This paper describes the protocol for the nine-year follow-
up of a cluster randomized controlled trial of a peer-led
lifestyle intervention program — the Kerala Diabetes Pre-
vention Program—to reduce the incidence of type 2 dia-
betes among individuals at high risk of developing type 2
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diabetes at baseline. The study will generate evidence that
could establish the long-term effectiveness, cost-effective-
ness, and sustainability of lifestyle intervention programs
to prevent diabetes in India and other resource-con-
strained settings. Moreover, evidence on the progressive
development of various multimorbidities over time among
people with or at high risk of diabetes would inform poli-
cies and practice in the prevention and management of
diabetes in India and other low-resource settings.

Trial status
Currently following-up participants.

Acknowledgements

K-DPP follow-up study is funded by the National Health & Medical Research Coun-
cil (Grant ID: 1160283). We acknowledge Dr Yingting Cao, Dr GK Mini, Professor
Sivasubramonian Sivasankaran, Kate Chalmers, Ameera Katar, and Rebecca Gracey
for their contribution in the preparatory phase of the study. We also acknowledge
Sree Chitra Trunal Institute for Medical Sciences and Technology the Melbourne
School of Population and Global at the University of Melbourne, and Baker Heart
and Diabetes Institute for their contribution to this study.

Authors’ contributions

TH, SJ, NKand TS contributed to the study design, coordination of the recruit-
ment and data collection and prepared the first draft of the manuscript. BO, JP,
KRT, EBF, PA, AM, RT, NK and TS contributed to the study design and involved
in writing the original grant proposal. LT is managing the project and contrib-
uted to the preparation of the first draft of the manuscript. RT and SJ led the
designing the retinal imaging sub-study and contributed to the writing of

the manuscript. All authors reviewed and approved the final manuscript for
submission.

Funding

This study is funded by the Australian National Health and Medical Research
Council (NHMRQ) (Grant ID: 1160283). The funding body has no role in the
design of the study and the writing the study protocol.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate

The study obtained Ethics approval from the Institutional Review Board of Sree
Chitra Tirunal Institute for Medical Sciences & Technology (ID: SCT/IEC/1349/
APRIL-2019) and the Alfred Human Research Ethics Committee (ID: 463/21).
Informed consent was obtained from all study participants. All methods will
be carried out in accordance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Baker Heart and Diabetes Institute, Melbourne, Australia. 2Melbourne School
of Population and Global Health, University of Melbourne, Melbourne, Aus-
tralia. *Sree Chitra Tirunal Institute for Medical Sciences & Technology, Trivan-
drum, India. “Christian Medical College, Vellore, India. °Department of Family
and Preventive Medicine, School of Medicine, Emory University, Atlanta, GA,
USA. SResearch Centre for Intelligent Health Care, Coventry University, Cov-
entry, UK. 7 Amrita Institute of Medical Sciences, Kochi, Kerala, India. 8Facu\ty
of Social Sciences, Tampere University, Tampere, Finland. °Gillings School

of Global Public Health, University of North Carolina, Chapel Hill, USA. 19School
of Psychology and Public Health, La Trobe University, Melbourne, Australia.

Page 9 of 10
Received: 31 January 2023 Accepted: 7 March 2023
Published onling: 22 March 2023
References
1. International Diabetes Federation. IDF Diabetes Atlas. 10th ed. Brussels:
IDF; 2021.

2. Pradeepa R, Mohan V. Epidemiology of type 2 diabetes in India. Indian J
Ophthalmol. 2021;69(11):2932-8.

3. Chan JCN, Lim L-L, Wareham NJ, Shaw JE, Orchard TJ, Zhang P, et al. The
<em>Lancet</em> commission on diabetes: using data to transform
diabetes care and patient lives. Lancet. 2020;396(10267):2019-82.

4. Aziz Z, Absetz P, Oldroyd J, Pronk NP, Oldenburg B. A systematic review
of real-world diabetes prevention programs: learnings from the last 15
years. Implement Sci. 2015;10:172.

5. Sathish T, Williams ED, Pasricha N, Absetz P, Lorgelly P, Wolfe R, et al.
Cluster randomised controlled trial of a peer-led lifestyle intervention
program: study protocol for the Kerala diabetes prevention program.
BMC Public Health. 2013;13:1035.

6. Mathews E, Thomas E, Absetz P, D'Esposito F, Aziz Z, Balachandran S, et al.
Cultural adaptation of a peer-led lifestyle intervention program for diabe-
tes prevention in India: the Kerala diabetes prevention program (K-DPP).
BMC Public Health. 2018;17(1):974.

7. Thankappan KR, Sathish T, Tapp RJ, Shaw JE, Lotfaliany M, Wolfe R, et al. A
peer-support lifestyle intervention for preventing type 2 diabetes in India:
a cluster-randomized controlled trial of the Kerala Diabetes Prevention
Program. PLoS Med. 2018;15(6):e1002575.

8. The Diabetes Prevention Program Research Group. The Diabetes
Prevention Program: baseline characteristics of the randomized cohort.
The Diabetes Prevention Program Research Group. Diabetes Care.
2000;23(11):1619-29.

9. Uusitupa M, Louheranta A, Lindstrom J, Valle T, Sundvall J, Eriksson J,
et al. The Finnish Diabetes Prevention Study. Br J Nutr. 2000;83(Suppl
1):5137-42.

10. Ramachandran A, Snehalatha C, Mary S, Mukesh B, Bhaskar AD, Vijay V.
The Indian Diabetes Prevention Programme shows that lifestyle modifica-
tion and metformin prevent type 2 diabetes in Asian Indian subjects with
impaired glucose tolerance (IDPP-1). Diabetologia. 2006;49(2):289-97.

11. Lotfaliany M, Sathish T, Shaw J, Thomas E, Tapp RJ, Kapoor N, et al. Effects
of a lifestyle intervention on cardiovascular risk among high-risk individu-
als for diabetes in a low- and middle-income setting: Secondary analysis
of the Kerala Diabetes Prevention Program. Prev Med. 2020;139:106068.

12. Sathish T, Oldenburg B, Thankappan KR, Absetz P, Shaw JE, Tapp RJ, et al.
Cost-effectiveness of a lifestyle intervention in high-risk individuals for
diabetes in a low- and middle-income setting: trial-based analysis of the
Kerala Diabetes Prevention Program. BMC Med. 2020;18(1):251.

13. Aziz Z, Mathews E, Absetz P, Sathish T, Oldroyd J, Balachandran S, et al. A
group-based lifestyle intervention for diabetes prevention in low- and
middle-income country: implementation evaluation of the Kerala Diabe-
tes Prevention Program. Implement Sci. 2018;13(1):97.

14. Lee CG, Heckman-Stoddard B, Dabelea D, Gadde KM, Ehrmann D, Ford
L, et al. Effect of metformin and lifestyle interventions on mortality in
the Diabetes Prevention Program and Diabetes Prevention Program
Outcomes Study. Diabetes Care. 2021;44(12):2775-82.

15. Orchard TJ, Temprosa M, Barrett-Connor E, Fowler SE, Goldberg RB,
Mather KJ, et al. Long-term effects of the Diabetes Prevention Program
interventions on cardiovascular risk factors: a report from the DPP Out-
comes Study. Diabetic Med. 2013;30(1):46-55.

16. Haug N, Sorger J, Gisinger T, Gyimesi M, Kautzky-Willer A, Thurner S,
et al. Decompression of multimorbidity along the disease trajectories of
diabetes mellitus patients. Front Physiol. 2020;11:612604.

17. Cicek M, Buckley J, Pearson-Stuttard J, Gregg EW. Characterizing mul-
timorbidity from type 2 diabetes: insights from clustering approaches.
Endocrinol Metab Clin North Am. 2021;50(3):531-58.

18. Wong TY, Klein R, Klein BE, Tielsch JM, Hubbard L, Nieto FJ. Retinal
microvascular abnormalities and their relationship with hypertension,
cardiovascular disease, and mortality. Surv Ophthalmol. 2001;46(1):59-80.

19. lkram MK, Cheung CY, Lorenzi M, Klein R, Jones TL, Wong TY. Retinal
vascular caliber as a biomarker for diabetes microvascular complications.
Diabetes Care. 2013;36(3):750-9.



Harequ et al. BMC Public Health

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34

35.

36.

37.

38.

39.

40.

(2023) 23:539

Saito K, Tanabe Y, Kawasaki R, Daimon M, Oizumi T, Kato T, et al. Is retinal
vasculature change associated with risk of obesity? Longitudinal cohort
study in Japanese adults: the Funagata study. J Diabetes Investig.
2011;2(3):225-32.

Nguyen TT WJ, Wong TY. Retinal vascular changes in pre-diabetes and
prehypertension: new findings and their research and clinical implica-
tions. Diabetes Care. 2007;10:2708-15.

Maged S Habib BA-D, Andrew Hunter and David HW Steel. The associa-
tion between retinal vascular geometry changes and diabetic retinopa-
thy and their role in prediction of progression — an exploratory study.
2014;14:89

Sathish T, Aziz Z, Absetz P, Thankappan KR, Tapp RJ, Balachandran S, et al.
Participant recruitment into a community-based diabetes prevention
trial in india: learnings from the Kerala Diabetes Prevention Program.
Contemp Clin Trials Commun. 2019;15:100382.

Sathish T, Shaw JE, Tapp RJ, Wolfe R, Thankappan KR, Balachandran S, et al.

Targeted screening for prediabetes and undiagnosed diabetes in a com-
munity setting in India. Diabetes Metab Syndr. 2019;13(3):1785-90.
Ganeshkumar P, Saigal R, Gopal B, Shankar H, Kaur P. Provision of the
continuum of care to noncommunicable diseases post-floods in Kerala,
India 2018. Disaster Med Public Health Prep. 2022;16(2):825-8.

Jaya AM, Harries AD, Rahman A, Khogali M, Chinnakali P, Gopalakrishnan
LG, et al. Epidemiology and response to the COVID-19 pandemic in
Kerala, India, 2020-2021: a cross-sectional study. Trop Med Infect Dis.
2022;7(6):105.

MohanV, Deepa R, Deepa M, Somannavar S, Datta M. A simplified Indian
diabetes risk score for screening for undiagnosed diabetic subjects. J
Assoc Physicians India. 2005;53:759-63.

D'Agostino RB Sr, Vasan RS, Pencina MJ, Wolf PA, Cobain M, Massaro

JM, et al. General cardiovascular risk profile for use in primary care: the
Framingham Heart Study. Circulation. 2008;117(6):743-53.

Force UPST. Risk Assessment for cardiovascular disease with nontradi-
tional risk factors: US preventive services task force recommendation
statement. JAMA. 2018;320(3):272-80.

Sathish T, Kannan S, Sarma SP, Razum O, Sauzet O, Thankappan KR.
Seven-year longitudinal change in risk factors for non-communicable
diseases in rural Kerala, India: The WHO STEPS approach. PLoS ONE.
2017;12(6):e0178949.

Daivadanam M, Absetz P, Sathish T, Thankappan KR, Fisher EB, Philip NE,
et al. Lifestyle change in Kerala, India: needs assessment and planning
for a community-based diabetes prevention trial. BMC Public Health.
2013;13:95.

Riley L, Guthold R, Cowan M, Savin S, Bhatti L, Armstrong T, et al. The
World Health Organization STEPwise Approach to noncommunicable
disease risk-factor surveillance: methods, challenges, and opportunities.
Am J Public Health. 2016;106(1):74-8.

Bull FC, Maslin TS, Armstrong T. Global physical activity questionnaire
(GPAQ): nine country reliability and validity study. J Phys Act Health.
2009,6(6):790-804.

Hu FB, Li TY, Colditz GA, Willett WC, Manson JE. Television watching and
other sedentary behaviors in relation to risk of obesity and type 2 diabe-
tes mellitus in women. JAMA. 2003;289(14):1785-91.

Soman CR, Shahulhameed S, Ramankutty V, Vijayakumar K, Kun-
jukrishnapillai R, Ajayan K, et al. Cohort profile: the PROLIFE study in
Kerala. India Int J Epidemiol. 2011;40(1):10-4.

Booth ML, Bauman A, Owen N, Gore CJ. Physical activity preferences, pre-

ferred sources of assistance, and perceived barriers to increased activity
among physically inactive Australians. Prev Med. 1997;26(1):131-7.
Renner B, Schwarzer R. Risk and health behaviors. Documentation

of the scales of the research project:"risk Appraisal consequences in
Korea"(RACK). 2005;1-55.

Poongothai S, Pradeepa R, Ganesan A, Mohan V. Reliability and validity
of a modified PHQ-9 item inventory (PHQ-12) as a screening instrument
for assessing depression in Asian Indians (CURES-65). J Assoc Physicians
India. 2009,57:147-52.

Bild DE, Bluemke DA, Burke GL, Detrano R, Diez Roux AV, Folsom AR,

et al. Multi-Ethnic Study of Atherosclerosis: objectives and design. Am J
Epidemiol. 2002;156(9):871-81.

Spitzer RL, Kroenke K, Williams JB, Loéwe B. A brief measure for assess-
ing generalized anxiety disorder: the GAD-7. Arch Intern Med.
2006;166(10):1092-7.

41

42.

43

44,

45

46.

47.

48.

Page 10 of 10

Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health

survey (SF-36). I. Conceptual framework and item selection. Med Care.
1992;30(6):473-83.

Mitchell PH, Powell L, Blumenthal J, Norten J, Ironson G, Pitula CR, et al.
A short social support measure for patients recovering from myocardial
infarction: the ENRICHD Social Support Inventory. J Cardiopulm Rehabil.
2003;23(6):398-403.

Chatterji S. World Health Organisation’s (WHO) Study on Global Ageing
and Adult Health (SAGE). BMC Proc. 2013;7(Suppl 4 European Workshop
on Health and Disability Surveilla):S1.

Forster RB, Garcia ES, Sluiman AJ, Grecian SM, McLachlan S, MacGillivray
TJ, et al. Retinal venular tortuosity and fractal dimension predict incident
retinopathy in adults with type 2 diabetes: the Edinburgh Type 2 Diabe-
tes Study. Diabetologia. 2021;64(5):1103-12.

Kligfield P, Gettes LS, Bailey JJ, Childers R, Deal BJ, Hancock EW, et al. Rec-
ommendations for the standardization and interpretation of the electro-
cardiogram. Part I: the electrocardiogram and its technology. A scientific
statement from the American Heart Association Electrocardiography and
Arrhythmias Committee, Council on Clinical Cardiology; the American
College of Cardiology Foundation; and the Heart Rhythm Society. Heart
Rhythm. 2007;4(3):394-412.

Lund C, Alem A, Schneider M, Hanlon C, Ahrens J, Bandawe C, et al.
Generating evidence to narrow the treatment gap for mental disorders
in sub-Saharan Africa: rationale, overview and methods of AFFIRM. Epide-
miol Psychiatr Sci. 2015;24(3):233-40.

Ng ES, Diaz-Ordaz K, Grieve R, Nixon RM, Thompson SG, Carpenter JR.
Multilevel models for cost-effectiveness analyses that use cluster ran-
domised trial data: an approach to model choice. Stat Methods Med Res.
2016;25(5):2036-52.

Nixon RM, Wonderling D, Grieve RD. Non-parametric methods for
cost-effectiveness analysis: the central limit theorem and the bootstrap
compared. Health Econ. 2010;19(3):316-33.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

B BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	The long-term effects of Kerala Diabetes Prevention Program on diabetes incidence and cardiometabolic risk: a study protocol
	Abstract 
	Introduction 
	Objectives 
	Methods 
	Discussion 
	Trial registration 

	Introduction
	Summary of Kerala Diabetes Prevention Program (K-DPP) findings at 12 and 24 months
	Rationale for long-term follow-up of K-DPP participants
	Diabetes incidence and cardiometablic risk
	Multimorbidity
	Retinal vasculature

	Methods
	Study aims
	Study design and settingcontext
	Study population
	Sample size
	Primary outcomes
	Secondary outcomes

	Intervention
	Data collection instruments and measurements
	Data collection procedures
	The research team

	Strategy to reach out to participants after nine years
	Long-term effectiveness outcomes
	Anthropometry and behavioral measures
	Retinal vasculature measurement
	ECG
	Biochemistry
	Microalbuminuria

	Economic evaluation
	Program sustainability
	Data management plan
	The survey, biomedical and clinical data
	Retinal data

	Statistical analysis
	Ethics approvals

	Discussion
	Trial status
	Acknowledgements
	References


