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ARTICLE INFO ABSTRACT
Keywords: The impact of global diabetes prevention efforts has been modest despite the promise of landmark diabetes
Diabetes prevention program prevention trials nearly twenty years ago. While national and regional initiatives show potential, challenges

Lifestyle change

Intensive lifestyle program
Intensive lifestyle intervention
Translation research
Implementation science

remain to adapt large-scale strategies in the real-world that fits individuals and their communities. Additionally,
the sedentary lifestyle changes during the COVID-19 pandemic and guidelines that now call for earlier screening
(e.g., US Preventative Task Force) will increase the pool of eligible adults worldwide. Thus, a more adaptable,
person-centered approach that expands the current toolkit is urgently needed to innovate and revitalize our
approach to diabetes prevention.

This review identifies key priorities to optimize the population-level delivery of diabetes prevention based on a
consensus-based evaluation of the current evidence among experts in global translational programs; key prior-
ities identified include (1) participant eligibility, (2) intervention intensity, (3) delivery components, (4)
behavioral economics, (5) technology, and (6) the role of pharmacotherapy. We offer a conceptual framework for
a broader, person-centered approach to better address an individual's risk, readiness, barriers, and digital

competency.
1. Background across four continents. [5-9] Translational programs have tried to bal-
ance fidelity to the evidence generated by clinical trials (e.g., minimum
Two decades have passed since landmark diabetes prevention trials weight loss goals) with adaptations for scaling in real-world settings (e.
demonstrated the efficacy of intensive lifestyle interventions (ILI) and g., delivery by lay professionals). The potential for impact is promising.
prompted global translation initiatives,[1-4] including national and For example, the Finnish translational program found 29-37 %
regional translational diabetes prevention efforts that are underway decreased incidence of type 2 diabetes (T2D) at seven year follow-up
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among adults who participated in ILI and lost significant weight during
the first year. [10] In addition, ILI targeting high risk adults appears to
be cost-effective, which supports efforts for wider dissemination. [11]

National efforts in the US and UK have experienced encouraging
weight loss outcomes in the real-world (i.e., 2.7 [6]--4.2 % [9]), but also
highlight challenges in program reach and retention. [6,9,12,13]

The US National Diabetes Prevention campaign’s success to reach
nearly half a million participants in the past decade is only a fraction of
the 88 million at-risk. [12] An individual’s lack of risk awareness, poor
linkage between clinicians and community-based prevention programs
and shortage of widespread program sites have contributed to low
population reach. In both the US and UK, program participation and
retention are lower among racial/ethnic minority, low-income, and
younger participants, [12,14] highlighting the need to address struc-
tural factors that may contribute to program inequities. Moreover,
modest reimbursement schemes in the US have struggled to support
sustainable program supply and broad access for areas in highest need.
[14] With an aim to optimize impact on population health, there is
growing interest in strategies to bolster the reach and effectiveness of
translational programs and improve outcomes for high-risk populations.
[12,14]

The COVID-19 pandemic has further highlighted the importance of
diabetes prevention, as the ‘slow-moving’ diabetes pandemic may
worsen [15] with the increase in sedentary lifestyle and weight gain that
appears more common as a result of the COVID-19 pandemic. [16]
Economic downturns caused by the COVID-19 pandemic are further
likely to accentuate social, financial and environmental risk factors (e.g.,
food insecurity) that may contribute to metabolic risk factors. [17] As
such, it is more critical than ever to develop global diabetes prevention
strategies to better serve eligible adults. Evidence-based, adapted tools
that address individual risk, readiness, and environments are critically
needed (Fig. 1). Existing, high-impact delivery models, such as the In-
ternational AIDS Society’s Differentiated Service Delivery, [18] offer a
conceptual framework for broader, person-centered approaches (Fig. 2).
To meet this important goal, we identified six priority areas through
consensus among a panel of interdisciplinary and international experts
in diabetes prevention: (1) participant eligibility, (2) intervention in-
tensity, (3) delivery components, (4) behavioral economics, (5) tech-
nology, and (6) the role of pharmacotherapy.

2. Methods

We organized an international team of diabetes prevention experts
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Fig. 1. Key Components of Diabetes Prevention Service Delivery. Four key
components to optimize the delivery of diabetes preventative services. 1) The
‘who’ revisits risk and readiness for program eligibility; 2) the ‘what’ considers
how the program content can be curtailed to the individual; 3) the ‘when’
compliments existing lifestyle change programming with alternate, less intense
programming and medications; 4) the ‘where’ addresses how to leverage
technology. Addressing these four key areas will better adapt current pro-
gramming to individuals’ risks, preferences, comorbidities, and settings and
broaden the impact of current diabetes prevention efforts.
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who have led and/or evaluated translational initiatives to summarize
key gaps and opportunities in population-level program delivery based
on the current evidence through online correspondence from July 2021
to February 2022. Three authors created an initial outline (IG, MB and
TM) which was then reviewed and revised by all authors. The outline
was then expanded into a first draft which was reviewed and revised
until consensus was achieved by all authors. Studies were identified
through review of reference lists, PubMed search terms (e.g., ‘real-world
lifestyle program’), PubMed’s related articles feature, and the authors’
archives. Responding to the call for national programs to address indi-
vidual factors, [19] we developed a conceptual model based on the
conceptual framework used by the International AIDS Society’s HIV
Differentiated Care model, [ 18] with illustrative examples as references.

3. Key Priorities

3.1. Priority I: Participant Eligibility — Has The Pendulum Swung Too
Far?

In contrast to prospective, randomized trials, translational studies
must relax their eligibility criteria to incorporate readily available
clinical measures and assessment tools. In Table 1, case examples of the
US and Finnish diabetes prevention trials are presented along with the
adjusted eligibility criteria for their translational programs. As such,
real-world ILI participants are increasingly distinct from those enrolled
in clinical trials who were largely defined by impaired glucose tolerance
(IGT) with or without impaired fasting glucose (IFG). [3] There are
opposing views of how these risk phenotypes influence responses to
lifestyle modification. A systematic review of lifestyle change trials
suggests that phenotype may be less of a factor as lifestyle interventions
have a clinically meaningful reduction in metabolic risk markers among
adults in the absence of IGT. [20] Alternatively, some trials have shown
that adults with isolated IFG (ilFG; IFG in the absence of IGT) may have a
distinctive phenotype driven by hepatic insulin resistance that is less
responsive to ILI compared to adults with isolated IGT (iIGT; IGT in the
absence of IFG) or IGT + IFG. [21,22] While significant variation by
region, ethnicity and diagnostic criteria exists, [23] iIFG is among the
most commonplace phenotype globally (per American Diabetes Asso-
ciation criteria). Further research is needed to determine effective pro-
gramming among this substantial subgroup. [21] Wagner et al.
identified additional distinct pathophysiologic subtypes of prediabetes
at higher risk for developing T2D, [24] that may have varied treatment
response with ILI among these subgroups. Recently, there is increased
attention to revisit recommendations for older adults with prediabetes
to receive ILI, after an observational study found that many older adults
(age > 70) with prediabetes had naturally returned to normoglycemia
without intervention (13 % with baseline HbAlc 5.7-6.4 %; 44 % with
baseline FG 100-125 mg/dL). [25] Additionally, there is a need to
address prevention needs among high-risk, yet lean adults. While the Da
Qing and Indian Diabetes Prevention Program (DPP) trials showed
favorable results among lean adults, the remaining landmark trials
excluded this group; further studies are therefore needed to identify
prevention strategies in this population to complement current pro-
gramming given overweight/obesity is not the only risk factor for T2D.
[26]

To optimize large-scale preventive lifestyle programming, we need
to identify adults more precisely at the greatest risk of incident T2D who
may benefit most from ILI, especially as the pool of eligible adults ex-
pands with guidelines offering lower age threshold for screening for
dysglycemia. The use of risk calculators, that incorporate clinical data
and relevant demographic characteristics, may increase precision in
estimating incident diabetes risk and the relative benefits of ILI. [27]
Simple, non-laboratory diabetes risk scores have been developed which
have proven useful to identify people at high-risk and suitable for pre-
ventive interventions. [28] There are ongoing studies implementing risk
calculators within electronic health records to inform shared decision
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making between patients and providers at the point of care. [29] We
offer a scheme of risk tiers to consider for ILI eligibility to better match
higher risk subgroups to more intensive program elements (Fig. 2;
‘Eligibility’, High Risk). Multi-tiered approaches (invasive testing
following existing screening tools) are also being examined. A one-hour
oral glucose tolerance test (OGTT) [30] is a potential tool to better target
individuals at high-risk for progression to T2D whose p-cell function is
still relatively preserved when earlier ILI may have greater benefits.,
[31] Further work is needed to determine how to best manage high-risk
individuals, including the practicality of implementing a confirmatory
test such as the one-hour OGTT in primary care. At a systems-level,
adopting a tiered-risk stratification approach, similar to atheroscle-
rotic cardiovascular disease risk for dyslipidemia, could help align ef-
forts to prioritize the highest-risk with the goal of efficient resource
allocation. [32] Screening high-risk adults using non-laboratory dia-
betes risk scores may be the most practical, [28] and cost-effective
method[33] and persist in low-resource settings. [34] Targeted
screening strategies to detect which adults identified as high risk by
diabetes risk scores have phenotypes that are likely to respond to life-
style intervention should be reconsidered. For example, the detection of
IGT using the one-hour OGTT is cost-saving when compared to two-hour
OGTT. [35] Further work is needed to examine if novel biomarkers and
precision medicine approaches together with utilizing electronic records
are practical and effective.
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3.2. Priority II: Intervention Intensity And Duration — Could Less Mean
More?

Translational programs have used varying intensity of ILI, such as six
two-hour sessions over three years to twenty-two one-hour sessions over
one year. [36] These studies have demonstrated a dose-response rela-
tionship between number of sessions attended, weight loss, and re-
ductions in incident diabetes. [37] Alternate measures of intensity,
including frequency and duration of contact, program length and fi-
delity to evidence-based material are also associated with increased
weight loss. [38] Maintenance strategies after the initial intervention
phase also appear important to sustain program effectiveness. [4]
Finding the optimal intensity and duration are important considerations
in real-world settings, as adherence to longer lifestyle programs is more
challenging and require more resources.

Offering a menu of prevention tools, including less intensive lifestyle
intervention (e.g., medical nutrition therapy), may help balance de-
mands for efficiency, effectiveness, and accommodating individual
preferences and provider decision-making. Early evaluation of the UK
national program (>16 h) resulted in comparable weight loss trends and
length of participation as the US national program (>22 h; see Table 1
comparing intensities). [6,9,12] These findings suggest that a less-
intensive approach in a population-based strategy is comparable to
more structured and lengthier programs and may have higher uptake at
lower costs. To enhance overall impact, alternatives to higher intensity
ILI should be incorporated into national and regional programs to offer
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Fig. 2. Essential Elements for Person-Centered Diabetes Prevention Programming. IFG: Impaired Fasting Glucose. IGT: Impaired Glucose Tolerance. GDM:
Gestational Diabetes Mellitus. DPP: Diabetes Prevention Program. MNT: Medical Nutrition Therapy. CGM: Continuous Glucose Monitoring. HRSN: Health-related
Social Needs.

2 Risk assessment tools include Centers for Disease Control/American Diabetes Association in the US; AUSDRISK in Australia, FINDRISC in Finland and IDRS in India.
A conceptual model of the essential elements to optimize diabetes prevention services with an evidence-based, person-centered approach. This model is based on the
conceptual framework used by the International AIDS Society’s HIV Differentiated Care, [22] with illustrative examples as references. Responding to the call for
national programs to adapt to individual factors, [23,24] this model offers a guide for programs to better match to an individual’s risk, readiness and setting based on
key elements of service delivery (eligibility, content delivery, intensity, and technology). For example, a highly motivated 53-year-old woman living with obesity,
PTSD and a HbAlc of 6.3 % who works shiftwork as a paramedic would be high-risk and ideally matched to an online or remote-based traditional lifestyle change
program. She declines given time-constraints (‘When’) and preference (‘Who’) and requests options that more closely fit her schedule (‘Where’) and her background
(‘What’). She may be receptive to nutritional counseling and life skills training (‘variable intensity’) with self-directed telephone and app-based approaches
(’technology’) with other female veterans living with PTSD (‘group-aligned content delivery’).
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evidence-based intervention to lower tiered risk groups and/or high-risk
adults unwilling or unable to participate in more intensive programs
(Fig. 2; Intensity, Variable). Additionally, we suggest further examination
of intermediate outcomes, such as number and variety of goals identi-
fied, as potential measures of participation linked to risk reduction that
may serve as program performance metrics. A novel pilot program based
on a practical, unstructured, customized approach has been initiated
among US veterans, although long-term outcomes from larger studies
are awaited. [39]

Most diabetes prevention strategies to date, aside from ILI, involve
medical nutrition training (MNT; in-depth, individualized diet-based

treatment by a nutritionist over 2-3 h per year). [40] Despite broad
support, [41] there is poor access and linkage to MNT in most countries.
Other approaches, such as life skills training and coaching (e.g., certified
health coaches supporting patient-centered lifestyle goals integrated in a
clinic setting over 6-12 months), [42,43] may broaden reach. Further
cost-effectiveness analyses are needed to examine whether these efforts
justify the additional resources needed to train and support such a
workforce. It is also important to emphasize that all aspects related to
cost-effectiveness drastically vary among countries and population
groups. The European IMAGE diabetes prevention toolkit and training
curriculum offers structured guidance to support practical, stand-alone
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Table 1
Case Example Comparison of Two Landmark National Diabetes Prevention Trials.
Original Study Study Intensity & Duration Translational Outcomes National Program Eligibility Program Intensity &
Diabetes Eligibility Program Duration
prevention
Study
US Diabetes Age > 25 e >16 1:1 sessions 0-6 e Average one year weight loss CDC NDPP Age > 18 years + e >16 sessions in
Prevention years months followed by > 6 among participants in YMCA DPP (Us)° BMI > 25 kg/m? months 1-6; >6
Program’ BMI > 24 kg/ sessions/7-12 mo (>22h/1 was 5.6 %° (Asian > 23 kg/m?) + sessions in months
m? year) In a pooled meta-analysis of HbAlc 5.7-6.4 % 7-12 (>22h)
(Asian > 22 Voluntary supervised programs based on US-DPP, mean (39-46 mmol/mol) OR Medicare (MDPP)
kg/m?) activity > 2 times per week weight loss was —3.77 kg, mean FPG: 100-125 mg/dL two year program
FPG: 95-125 HbA1lc reduction of —0.21 % with OR OGTT: 140-199 extends monthly
mg/dL an average follow-up of 9.3 mg/dL OR past GDM sessions
OGTT: months* OR >780 program
140-199 mg/ CDC/ADA Prediabetes providers CDC-
dL Risk Test* > 5 certified”
NHS DPP Age > 18 years e >13 sessions over >
(UK)’ Hbalc: 6.0-6.4 % 9 months (>16 h)
(42-46 mmol/mol) four program
FPG: 110-125 mg/dL providers NHS-
(5.5-6.9 mmol/L) certified
Finnish Age 40-64 e 7 1:1 sessions at weeks 0, 1, >17 % of participants in Finnish FIN-D2D Age > 18 years e 4-8 sessions every
Diabetes years 5,12, 16, 24 and 36 then national translation project achieved (Finland)® FINDRISC® > 15 1-2 weeks + 1
Prevention BMI > 25 kg/ every 3 months for > 5 % weight loss” follow-up session
Study” m? remaining 2 years (>16 Life! Age > 50 years o 5 sessions every 2
Mean value of sessions/3 years) (Australia)’ AUSDRISK® > 12 weeks + 1 follow-up
two OGTT: Voluntary supervised (Age > 18 years if session at 8 months
140-199 mg/ activity offered Aboriginal and Torres provider network
dL Strait Islander descent of nonprofit, public
and/or history of GDM, sector, and private
CVD) agencies

FPG: Fasting Plasma Glucose.
OGTT: Oral Glucose Tolerance Test.
BMI: Body Mass Index.
GDM: Gestational Diabetes Mellitus.
CVD: Cardiovascular Disease.
% Organizations must meet minimum 35% of cohort entering with qualifying blood test or history of gestational diabetes. Medicare DPP requires serum-based testing.
CDC/ADA Prediabetes Risk Test is a risk tool comprimised of scored questions to estimate probaiblity of developing T2D.
b Fully recognized by the CDC Diabetes Prevention Recognition Program.
€ FINDRISC (8 questions) and AUSDRISK (10 questions) are risk tools comprised of scored questions, with the total test score providing a measure of the probability of
developing T2D.
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! Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the incidence of type 2 diabetes with lifestyle intervention or metformin. N Engl J Med. 2002;346
(6):393-403.
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efforts around healthy nutrition, sleep hygiene, physical activity, and has evolved over the last two decades, there is growing evidence to
stress and smoking reduction. [44] support low and very-low carbohydrate diets, as opposed to low-fat,
calorie-restricted diets that were tested as part of ILI in the US. [46] A
recent multinational expert panel recommended healthy eating patterns
that appear to reduce incident T2D (Mediterranean [47] and Nordic-
style [48]), and that curricula should include individual-tailoring to
accommodate diverse needs and cultural and societal factors. [49] Di-
etary strategies, such as modified fasting (e.g., early time restricted
feeding with 6-hour feeding) independent of weight loss, also have
shown promise with improving insulin sensitivity among adults with
prediabetes. [50] Further evaluation of updated evidence-based nutri-
tional programs, such as a very low carbohydrate diet with higher fat

3.3. Priority III: Intervention Content And Delivery — Is There A Need To
Further Evolve?

National diabetes prevention campaigns have emphasized fidelity to
the core components of ILI as tested in clinical trials. [13,45] Since 2011,
the Centers for Disease Control and Prevention (CDC) has established
standards for delivering the translational US program, including an
approved curriculum (publicly available at no cost) and defined national
performance metrics. As our understanding of dietary recommendations
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content [51] or the Mediterranean diet [41] may improve acceptability
(palatability) and thereby retention in ILIs. A recent evaluation showed
that healthier and more sustainable dietary patterns are generally lower
in cost than current western diets, and can be cost-competitive in low-
income settings if a health- and environmentally-sensitive develop-
ment policy are in place. [52] The Finnish DPS showed that diet quality
did not significantly change costs and that increased daily fiber lowered
food costs. [53]

Tailoring lifestyle programs for delivery to special populations may
also better support T2D risk reduction. We offer illustrative examples of
how tailored delivery to groups based on shared comorbidities, de-
mographic characteristics, and/or specific risk factors, may improve
program outcomes (Fig. 2; Content Delivery, Group-aligned). Mental
health conditions, like depression and post-traumatic stress disorder,
can interfere with participation in group programming and progress
toward intervention goals. Building upon evidence from tailored in-
terventions for T2D and obesity with comorbid depression, ILI coupled
with additional resources, such as skill-building exercises from cognitive
behavioral therapy, may better address comorbid-specific barriers and
improve behavioral change. [54-56] Examining programming that
further promotes psychosocial factors associated with increased
engagement, such as motivation (via motivational interviewing, tailored
messaging), activation and social support may improve intervention
success. Programs with content tailored for special populations, such as
women veterans in the US, [57] may promote greater cohesion and
synergy. Peer-led [58] and peer-coaching [59] models offer attractive
approaches that may improve uptake and acceptability in highest-risk,
hardest to reach subgroups, but the data is conflicting. [60] A
community-based, peer-support ILI in a low-resource setting in Kerala,
India resulted in a nonsignificant reduction in incident T2D after two
years at modest cost per participant ($22 USD). [61] Additionally, high-
risk households may be a target to reinforce long-term behavioral
change. Spouses of adults participating in an ILI led to significant
reduced weight loss and improved health-related behaviors, [62] sug-
gesting potential ‘spillover’ benefit at a household level. Lastly, lifestyle
programs may have spillover benefits in sleep, the 3rd pillar of lifestyle
in addition to activity and nutrition, that may further reduce diabetes
risk. [63] Future efforts should consider incorporating sleep hygiene as
part of strategies to prevent T2D.

3.4. Priority IV: Change Readiness — Can Programming Better Address An
Individual’s Competing Needs?

Behavioral change strategies are a key component of ILI to prevent
T2D. Various theoretical approaches underpinned the landmark pre-
vention trials (e.g., Social Cognitive Theory, the Transtheoretical Model,
and the Theory of Planned Behavior); [64] however, translational efforts
may have led to compromising on grounded theory to focus more on
practical aspects of scaling up ILI delivery. [65] Real-world adaptations
that promote elements of behavior change theory (e.g., goal setting,
individual tailoring, problem solving and increasing self-efficacy) as the
primary targets of the program (rather than activity and weight-loss
benchmarks) show promise. A recent US pilot study tested an adapted
ILI that focused on individually-tailored goals, plus flexibility to adjust
goals over time as needed, leading to four-times greater HbAlc reduc-
tion and odds of having normoglycemia at follow-up compared to the
standard ILI approach with pre-set weight loss and activity goals. [66]
We thereby support efforts to personalize content delivery to promote
engagement (Fig. 2; Content Delivery, Personalized). Furthermore,
translational efforts should invest to identify strategies to link in-
dividuals who are highly motivated, a known predictor of program
success, to ILI. Approaches may include building effective, targeted
marketing campaigns, [67] incorporating change readiness into referral
processes and offering a ‘presession’ class to better match enrolled and
engaged participants. [68] Patient preferences to program characteris-
tics (e.g., delivery platform, communication frequency, group activities

Diabetes Research and Clinical Practice 198 (2023) 110195

and time requirements) may be another strong predictor of engagement.
Studies are currently underway to examine how patient preference may
predict engagement and how programs can better adapt to address these
factors. [69,70] For less motivated adults, concepts from behavioral
economics, which employs elements of economics and psychology to
better understand behavior in the real-world, may optimize engagement
by meeting adults “where they are” in their decision-making process. For
example, cognitive biases to prioritize short-term over long-term pay-
offs, (e.g., seeking high-calorie foods despite long-term metabolic risk)
may be key unaddressed targets to promote behavioral change. [71]
Soler et al. also offers a compelling roadmap to improve translational
outcomes through small actions that “nudge” individuals to enroll and
follow through with their action plans. [72]

Modest real-world ILI impact raises uncertainty whether strategies
that more directly address an individual’s competing priorities leads to
improved program uptake. Unaddressed social determinants of health
(SDOH) likely fuel competing priorities and the racial/ethnic and in-
come disparities in program outcomes. There is growing evidence of the
relationship between SDOH and its impact on behavioral outcomes and
thereby diabetes prevention efforts, including social support (e.g., child
care), urban planning that supports walkability and recreation to in-
crease physical activity, and food and housing security. [73] Qualitative
studies suggest strategies to support childcare, transportation needs, and
class schedule flexibility may improve referrals and/or enrollment. [74]
Screening and delivering prevention programs in community-based
settings co-aligned to support social needs (e.g. food pantry sites) of-
fers a promising approach that may both concurrently reduce barriers
and streamline services (Fig. 2;Content Delivery, Personalized, Delivered in
safety-net, Health-relate social needs support). [75] While outside the
scope of this review, further work to identify how SDOH impact ILI
engagement and how national campaigns can best support, rather than
exacerbate, efforts to combat these factors may be critical if lifestyle
intervention translational potential is to be fully realized by everyone.

3.5. Priority V: Role Of Technology -How To Harness Opportunities With
Oversight?

There are increasing global efforts to scale digital tools in chronic
disease prevention, as exemplified by the recent WHO Global Strategy
on Digital Health. [76] Technology-assisted diabetes prevention de-
livery has shown promise. A randomized trial in southeast India among
men with IGT demonstrated that utilizing texts to deliver curriculum
content and support resulted in a 36 % relative risk reduction in incident
T2D over two years compared to usual care [77] and a sustained effect
over five years, [78] yet a similar model was less effective in the US. [79]
Online (delivered by computer, laptop, tablet, or smart phone) and
distance-learning (using video and/or phone to connect to remote
teaching/group classes; Fig. 2; Technology, Platforms) platforms have
rapidly expanded in the past few years, driven by increasing insurance
coverage in the US and digital pilot programs in the UK, the need to
expand access beyond the reach of in-person programming, and to
ensure safety and convenience (e.g., on-demand) during the COVID-19
pandemic. While online programming offers the potential of greater
reach at lower cost, its effectiveness in terms of engagement, retention,
and weight loss outcomes compared to in-person programming is less
clear. [13,80] Additionally, traditionally marginalized groups (e.g.,
racial and ethnic minority and low-income populations) have fewer
incremental gains with technology-assisted strategies. [81] Nonetheless,
early evidence suggests that distance-learning delivery may be espe-
cially promising, with a report showing that over half of remote par-
ticipants complete > 9 months of the lifestyle programs, versus 20 % of
online-only participants. [13]

For online delivery, a challenge is lacking uniform measures to
assure sufficient engagement in an asynchronously delivered interven-
tion. For example, an online participant may connect for as little as five
minutes or five hours weekly but both scenarios may “count” equally
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toward adherence standards, which can make it difficult to assure fi-
delity and compare effectiveness across modalities of program delivery.
More work is needed to identify technology-supported engagement
benchmarks (e.g., standardized components of weekly interactions and
assignments that define engagement on an app-based platform) that link
to clinically meaningful outcomes. Policy makers could incorporate
these standardized metrics into program certification to ensure program
fidelity. The aforementioned behavioral economic tools, such as nudges,
delivered via text, online messaging or phone, and may improve pro-
gram retention and reinforce behavioral change. [72] The increasing use
of integrated electronic medical records offers the opportunity to build
bidirectional referral networks to better match at-risk adults to
community-based programs and empower clinicians to support their
patients’ goals. The rapid adjustments forced by the COVID-19
pandemic offer a ripe opportunity for researchers and policymakers
alike to assess how technology-supported programs may help or hinder
delivery to guide future policy based on evidence rather than assump-
tions and industry incentives.

3.6. Priority VI: Role of Pharmacotherapy- Is It Time To Offer Metformin
To Adults At Highest Risk?

Although numerous clinical trials show the efficacy of medications to
reduce incident diabetes, pharmacotherapy for diabetes prevention re-
mains controversial and relatively few patients are prescribed medica-
tion. [82] The recent US Preventative Task Force Review found that
metformin was associated with less incident T2D (pooled RRs 0.73; 95 %
CI, 0.64-0.83) when compared to placebo or control group. [83] Alpha
glucosidase inhibitors have been tested for diabetes prevention with the
assumption that reducing post-prandial glucose excursions in persons
with IGT may help preserve insulin secretion or action, thus preventing
incident T2D. [82] The success of GLP1-agonists for sustained weight
loss [84] offer promise as a powerful, yet costly, pharmacologic option
in diabetes prevention for high-risk adults with obesity. However, the
use of glucose-lowering drugs raises concerns regarding medicalization
of prediabetes, potential side effects, sustainability, costs, and lack of
FDA indications for diabetes prevention. [4,85] Acarbose has been
approved for the indication of IGT in several countries, although it is not
marketed for this indication. Although the Indian DPP showed that the
addition of metformin to ILI did not provide additive benefits, metfor-
min has been shown to produce cost-savings while further supported by
positive long-term safety and reasonable tolerability data. [86] Met-
formin did provide significant levels of risk reduction compared to
placebo in the US DPP trial, [3] albeit with heterogenous treatment ef-
fects, such that participants in the highest risk quartiles benefited from
metformin while those in the lowest risk quartile did not. [27] There-
fore, US clinical care guidelines on the use of metformin for diabetes
prevention focuses on adults at highest risk, including those < 60 years,
more obese (BMI > 35 kg/m?), and women with a history of gestational
diabetes (GDM). [87] The recently revised US Preventive Services Task
Force recommendations now also highlight metformin as an effective
prevention option. [83]

A stepwise, risk-stratified approach to pharmacotherapy may miti-
gate concerns regarding medicalization of prediabetes while addressing
diabetes prevention more effectively in real-world settings. For example,
in the p-CLIP study, [22] adults with iIGT, ilFG, or IFG + IGT were
randomized to a culturally-tailored ILI with the stepwise addition of
metformin for those at highest risk of incident T2D after > 4 months of
follow-up (i.e., IFG + IGT or IFG + HbAlc > 5.7 %). [22] Similar ap-
proaches can be feasibly delivered in many health systems using basic
provider-level education and electronic health record enabled tools to
support patient identification and follow-up. Early evidence suggests the
stepwise addition of a GLP1-agonist to ILI as a highly effective, yet
costly, alternative to metformin to reduce incident diabetes among high-
risk adults with obesity, but further long-term data on efficacy and safety
are needed. [88] Novel anti-obesity medications, such as the dual GIP-
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GLP1-agonist tirzepatide, [89] may offer yet more powerful tools on
the horizon. Pharmacotherapy appears to have untapped potential as an
adjunctive treatment to ILI (e.g., for the highest risk participants,
maintenance booster following ILI and/or non-responders) or stand-
alone treatment offered to individuals who decline, lack access, or
prematurely discontinue ILI (Fig. 2; Intensity, Variable, Medication).
Despite other medications, such as alpha glucosidase inhibitors and
thiazolidinedione, demonstrating short-term efficacy to prevent dia-
betes, their use is limited by risk of adverse drug effect, lack of sustained
long-term benefits and availability on the market. [4]

4. Conclusions

Population level reach and engagement in lifestyle interventions
cannot exist in a vacuum. The COVID-19 pandemic has further
strengthened our collective resolve to also address structural barriers
and SDOH. Behavioral strategies, such as ILI delivery, are largely
influenced by upstream societal-level policies, such as agriculture, food
manufacturing, pricing and accessibility, adaptation to urban, sedentary
living and the built environment. Further examination of the attribut-
able risk of these upstream factors to the growing diabetes burden is
needed, coupled with population-level interventions, such as smoking
ban laws, regulation of advertisements, taxes on sugar-sweetened bev-
erages, promoting green spaces, and healthy food subsidies. Addition-
ally, supporting large-scale lifestyle intervention efforts coupled with
the recommended population-level policies may lead to broader healthy
lifestyle changes and subsequent reduction in all-cause mortality that ILI
independently have failed to demonstrate to-date. Furthermore, efforts
to better identify and address risk in children and adolescents is needed.
Rigorous evaluation through modelling and natural experiments will
help inform multilevel national primary prevention programs to effec-
tively target individuals across the spectrum of risk, engagement, and
capacity. [90]

By leveraging lessons learned over the last two decades, we can
innovate and revitalize our approach to diabetes prevention when it is
most needed. More precise risk assessment can better match individuals
to the intervention that they will draw the greatest benefit(s) from. Less
intensive, evidence-based options will offer a menu of actionable,
pragmatic tools for at-risk adults who are pre-contemplative and/or
unable to participate in intensive programming. Several national care
guidelines also endorse metformin as an effective preventive interven-
tion, specifically for higher risk adults as a stepwise addition to ILIL.
Customizing program content to an individual’s habits, identity, and
comorbidities will improve program engagement. Addressing
competing social needs and supporting an individual in their decision-
making process will further enhance engagement. The promise of
technology may bolster these efforts but will require close oversight.
Building upon Fig. 2 as a conceptional model of the essential elements
for person-centered delivery, program developers can draw upon these
to support current national strategies that reflect specific resources, risk
burden and preferences in their settings. Integrating these tools into
existing delivery models is critical to acknowledge the ever-increasing
competing demands and time constraints in healthcare settings today.
Further work is needed to assess the effectiveness of these individual
components in the real-world, how best to incorporate them in existing
systems, what are the incremental costs, and if synergistic effects exist.
Real-world impact on the prevention of type 2 diabetes can only be fully
realized with programming that better acknowledges the current evi-
dence of an individual’s risk, readiness, barriers, and digital compe-
tency. The need to deliver effective and population-level diabetes
prevention services is timelier than ever.
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