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OBJECTIVE

Understanding the real-world impacts of lifestyle modification (LSM) for diabetes
prevention is imperative to inform resource allocation. The purpose of this study
was to synthetize global evidence on the impact of LSM strategies on diabetes
incidence and risk factors in one parsimonious model.

RESEARCH DESIGN AND METHODS

PubMed,Embase,CochraneLibrary, andClinicalTrials.govweresearched for studies
published between January 1990 and April 2015. Effectiveness/translation studies
of any design testing LSM strategies, targeting high-risk populations (with prediabetes
or diabetes risk factors), and reporting diabetes incidence, weight, or glucose
outcomeswere included.We extracted number of diabetes cases/incidence rates
andmeanchanges inweight (kg), fastingbloodglucose(FBG,mmol/L),2-hpostload
glucose (mmol/L), and hemoglobin A1c (%). Pairwise random-effects and frequentist
random-effects network meta-analyses were used to obtain pooled effects.

RESULTS

Sixty-three studies were pooled in the meta-analysis (n = 17,272, mean age 49.7
years, 28.8% male, 60.8% white/European). In analyses restricted to controlled
studies (n=7),diabetescumulative incidencewas9%among interventionparticipants
and 12% among control participants (absolute risk reduction 3%; relative risk 0.71
[95% CI 0.58, 0.88]). In analyses combining controlled and uncontrolled studies
(n = 14), participants receiving group education by health care professionals had 33%
lower diabetes odds than control participants (odds ratio 0.67 [0.49, 0.92]). Intervention
participants lost 1.5 kg more weight [22.2,20.8] and achieved a 0.09 mmol/L greater
FBG decrease [20.15, 20.03] than control participants. Every additional kilogram
lost by participants was associated with 43% lower diabetes odds (b = 0.57 [0.41,
0.78]).

CONCLUSIONS

Real-world LSM strategies can reduce diabetes risk, even with small weight
reductions.
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Type 2 diabetes has reached epidemic
levels worldwide, affecting 425 million
peopleandaccounting for4milliondeaths
in 2017 (1). Because lifestyle modification
(LSM) has been proven to prevent or at
least delay type 2 diabetes and its com-
plications in large randomized trials (2–6),
efforts have been directed toward trans-
lating these findings for delivery via com-
munity and clinical programs. The number
of effectiveness or translation studies in the
field of type 2 diabetes prevention is grow-
ing, but there is a lack of consolidated data
describing the outcomes of these studies
overallandbyinterventiondeliverymethod.
Summary statistics, such as those derived
from meta-analyses, are important tools
to guide the development and delivery of
community- and clinic-based interventions
and canassist decisionmakers in determin-
ing how and where to allocate resources.
Existing meta-analyses show that LSM

strategies to prevent type 2 diabetes
that are delivered under real-world condi-
tions are effective for promoting weight
loss (7–11), a strong diabetes risk factor
(12,13). Effects on glucose outcomes are
mixed, with both positive and null esti-
mates having been obtained (7,10,11).
Regarding type 2 diabetes incidence, one
meta-analysiscommissionedbytheCom-
munity Preventive Services Task Force
showed LSM can reduce incidence, al-
though estimates were derived from com-
bined translation and proof-of-principle
studies (11). Another meta-analysis from
Public Health England estimated type 2
diabetes incidence in single-arm and con-
trolled translation studies but did not
compare the effect of different interven-
tion strategies (e.g., technology, group
education, counseling) against that of
control conditions (14).
To understand which specific inter-

vention strategies work under real-world
conditions, their effect should be ex-
plored separately and compared against
that of control conditions. Identifying ef-
fective intervention strategies can guide
policy-making, especially at a time when
several countries are embarking on na-
tional diabetes prevention programs
(15–18). We thus aim to synthetize and
compare the effect of real-world LSM
strategies to prevent type 2 diabetes in-
cidence in one parsimonious model using
an arm-based network meta-analysis. This
approach allows for inclusion and analysis
of a larger amount of evidence, inclusion
of single-arm studies to compare against

control conditions, and estimation of rel-
ative effectiveness between intervention
strategies(19).Thismeta-analysisexplores
the external validity of LSM strategies for
type 2 diabetes (hereafter referred to as
diabetes) prevention and expands the
evidence base by including heteroge-
neous studies from around the world.

RESEARCH DESIGN AND METHODS

Data Sources and Search
Wesystematically searchedPubMed, Em-
base, Cochrane Library, andClinicalTrials.gov
electronic databases for articles report-
ing on the effectiveness of real-world
LSM strategies to prevent diabetes from
across the world, published between
January 1990 and April 2015. Our liter-
ature search strategy included a combi-
nation of search and Medical Subject
Headings (MeSH) terms related to di-
abetesprevention, lifestylemodification,
and translation research (search string
example available in Supplementary Data).
We did not search for unpublished data.
We adhered to PRISMA guidelines for
reporting systematic reviews incorporat-
ing network meta-analyses of health care
interventions (20).

Study Selection
To be eligible, studies had to 1) be effec-
tiveness or translation intervention stud-
ies (i.e., implemented under real-world
conditionsortranslationsofproven inter-
ventions) of any design; 2) test an LMS
strategy (defined as any strategy focused
on improvingphysical activity and/ordiet
toprevent diabetes throughweight loss);
3) be directed at high-risk populations
(i.e., people with objectively measured
prediabetes or diabetes risk factors [e.g.,
BMI$25 kg/m2, African American race]);
and 4) report type 2 diabetes incidence
rates, weight, or glucose outcomes (fast-
ing blood glucose [FBG], 2-h postprandial
glucose[PPG],orhemoglobinA1c [A1C])
measured before and after the interven-
tion. We excluded studies involving sam-
ples with a prevalence of diabetes over
20%, gestational diabetes mellitus, meta-
bolic syndrome,participantsunder18years
of age, or type1diabetesaswell asefficacy-
type studies (i.e., proof of principle, ran-
domized controlled trials implemented
underhighly controlledconditions). Two
reviewers independently screened titles
and abstracts, resolved discrepancies
through discussions, and identified a set
of studies for full-text review. These

reviewers then screened full texts, re-
solved any discrepancies through discus-
sions, and agreed upon a final set of studies
to be included.

Data Extraction and Quality
Assessment
The primary outcome of interest was the
relative risk, and likelihood,ofdeveloping
diabetes. For this, we extracted the num-
ber of participants who developed di-
abetes by the endof the study period and
crude incidence rates reported. For sec-
ondary outcomes, we extracted the pre-
intervention/postintervention (pre/post)
changes inweight (kg), FBG(mmol/L),PPG
(mmol/L), and A1C (percentage points
and mmol/mol). We also extracted in-
formation about participant-level charac-
teristics (i.e., age, proportion of male
participants, baselineBMI, ethnicity, pro-
portion with objectively detected pre-
diabetes), program-level characteristics
(i.e., number of intervention sessions
participants attended and intervention
duration), and study-level characteristics
(design, country, and follow-up length).
These data were extracted using a stan-
dardizedextraction formdesigned for this
study. If studies did not report the data of
interest,wecontactedauthors torequest the
information or computed it from the base-
line and postintervention values reported.

Since translation studies are often
conducted under real-world conditions,
they often include heterogeneous sam-
ples; in addition, quasi-experiments are
often more feasible in these settings,
which is why we included both uncon-
trolledandcontrolled studies. Becauseof
these factors, the quality of translational
studiesmustbeassessedusingspecifically
designed metrics. In this meta-analysis,
we assessed each study using a set
of quality indicators previously used in
meta-analyses of translation studies (8,10).
The first indicator waswhether diabetes
risk was defined using blood glucose
testing (2 points) or self-reported risk
factors or anthropometric measurements
(1 point). The second quality indicator was
whether reported study attritionwas,20%
(2 points), 20–40% (1 point), or different
between study arms (0 points). The third
indicator examined whether intent-to-
treat analysis was used to minimize the
impact of attrition (2 points) or if per-
protocol analysis was used (1 point). The
fourth indicator was whether the study
described the intervention sufficiently

care.diabetesjournals.org Galaviz and Associates 1527

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/41/7/1526/527660/dc172222.pdf by guest on 27 August 2022

http://care.diabetesjournals.org


to allow transferability of the program to
other settings by reporting the following
(1 point each): description of the inter-
vention program; costs and resources
used to deliver the program; the qual-
ification of intervention delivery agents;
and the acceptability of the program
among participants and/or providers.
Each study was scored on a 1–10 scale
and categorized as low (#5), medium
(6 or 7), or high ($8) quality.

Data Synthesis and Analyses
Wefirstusedrandom-effectsmeta-analysis
techniques to obtain a pooled pre/post
mean difference for weight and glucose
outcomes among intervention participants
alone. For studies with control groups, we
conducted pairwise random-effects meta-
analyses to estimate between-group mean
difference for weight and glucose out-
comes and the relative risk for diabetes
at the end of the study.
To obtain both direct and indirect (i.e.,

mixed)evidenceoftheeffectsofdifferent
intervention strategies, we conducted a
frequentist arm-based network meta-
analysis. This approach permits multi-
ple treatment comparisons, even indirect
comparisons of treatments that have
notbeendirectlycomparedwithacontrol
treatment (e.g., uncontrolled studies)
usingarm-level data (rather thanbetween-
group differences) (21). For this analysis,
we grouped similar study arms according
to the intervention strategy employed,
estimatingapooledeffect foreachgroup,
and compared the effects of intervention
arms against that of control arms. A
multivariate random-effects meta-analysis
method was used to fit this model, where
we obtained pooled effects for each in-
tervention strategy arm compared with
control arms.
We explored effect heterogeneity

across studies by visually examining forest
plots andby computing I2,where I2 greater
than 75% indicated significant effect het-
erogeneity. Meta-regressions were then
used to explore whether participant- or
intervention-levelcharacteristicsexplained
heterogeneity in treatment effects. To
explore transitivity (i.e., similarity in clinical/
methodological characteristics across
studies), we conducted subgroup meta-
analyses stratified by participant-level
characteristics and obtained subgroup
pooled effects for all outcomes. Consis-
tencywas exploredbyexaminingwhether
indirect treatment effects (i.e., those that

were not directly compared within studies)
were similar or different fromdirect treat-
ment effects (i.e., those that were directly
compared within studies). We conducted
sensitivity analyses to compare treatment
effects between groups of studies accord-
ingtotheirqualityclassification.Finally,pub-
lication bias was assessed using the Egger
test and by visually exploring funnel plots.

Weused theMetafor package (22) in R
programming language (version 3.2.1) to
conduct the analyses described. Statis-
tical significance was assessed by exam-
ining 95%CIs,where CIs not including the
value 0 formean changes or 1 for relative
risk and odds ratio (OR) were deemed
statistically significant.

RESULTS

Seventy-seven articles met the inclusion
criteria for the systematic review and
63 articles reported complete data used
in the meta-analysis (Supplementary
Fig.1).Fourteenarticleswerenot included
in themeta-analysisbecausetheyprovided
insufficient data for analyses (i.e., did
not report SEs for outcomes and authors
did not respond to requests for these data)
(23–27) or because these articles re-
ported outcomes from a trial already in-
cluded in the analysis but with data from
other follow-up times (28–36). Participant
and intervention characteristics across
the 77 studies included in the systematic
review are presented in Supplementary
Table 1.

The 63 pooled studies enrolled 30,524
participants and data were available for
17,272 of those. Study and participant
characteristics across the pooled stud-
ies are presented in Table 1. Participant
mean age was 49.7 years (range 28.9–
68.3), 28.8% were male, and 60.8%
were white/European. High-risk partici-
pantswere identified by assessing diabetes
risk factors in 59% of the studies and by
objectively assessing prediabetes in 41%
ofthestudies.Fortypercentofthestudies
used pre/post, single-group designs, 35%
randomized controlled designs, and 25%
nonrandomized controlled designs. Control
groups either received no intervention,
standard of care, enhanced standard of
care, written materials, or a delayed in-
tervention. Most of the studies (67%)
were conducted in North America, 19%
in Europe, 11% in Oceania, and 3% in
Asia. Most interventions were imple-
mented in community settings (62%)
and were delivered by health care

professionals (52%). Interventions lasted
onaverage23weeks(range1–130weeks)
and offered on average 18 intervention
sessions (range 1–58 sessions). Over
half of the studies (56%) were modeled
after the U.S. Diabetes Prevention Pro-
gram (DPP).

Based on the intervention strategies
employed, we created four intervention
groups (group education by community
members,groupeducationbyhealthcare
professionals, individual counseling by
health care professionals, and education/
counseling delivered via technology) and
tested the network presented in Fig. 1.
The figure shows the eligible comparisons
available in the star-shaped network for
all outcomes of the direct and indirect
meta-analysis. Consistent with the prag-
matic nature of translation studies, body
weight was the most frequently assessed
outcome, reported in 67 intervention arms
(n = 14,102). FBG followed with 34 inter-
vention arms (n = 9,189) and diabetes
incidence was reported in 17 intervent-
ion arms (n = 9,189) reporting this out-
come. The least assessed outcomes were
A1C, reported in 9 arms (n = 1,577), and
PPG, reported in 7 arms (n = 1,318). The
mostfrequentlytestedinterventionstrategy
was group education delivered by health
care professionals (73 arms), followed by
group education delivered by lay com-
munity members (41 arms). For all out-
comes, the least tested intervention
strategies were individual counseling by
health care professionals (7 arms) and
education/counseling delivered via tech-
nology (10 arms).

Diabetes Incidence
Fourteen studies (seven controlled and
sevenpre/post studies) reportednumber
of participants that developed diabetes
at the end of the study period. The prev-
alence of prediabetes at baseline ranged
from 35 to 100% across studies (mean
[SD] 62% [24]); none of these studies
includedparticipantswithdiabetes. Follow-
up length across studies ranged from
6 to 48 months (19.5 [12.7]) with an
observed attrition rate ranging from 0 to
40% (12.3% [13.4]). Diabetes develop-
ment was ascertained at the end of the
follow-up period on the basis of an FBG
measure (n=3), anoral glucose tolerance
test (n = 5), or both (n = 4), or based on an
A1Cmeasure (n =2). In controlled studies
(n = 7), diabetes cumulative incidence
was 9% among intervention participants
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and 12% among controls (absolute risk
reduction 3%). Overall, 6.0 new diabe-
tes cases per 100 persons per year were
observed in intervention participants
compared with 8.5 in control partici-
pants (risk difference 2.5). A pairwise
meta-analysis including these studies
showed that participants receiving an
intervention had a 29% lower risk of
developing diabetes than control par-
ticipants (relative risk 0.71 [95% CI 0.58,
0.88]; I2 = 0%).

The arm-based network meta-analysis
including the 14 controlled and uncon-
trolled studies showedparticipants in the
group education by health care profes-
sionals arms (n = 11) had 33% lower
odds of having diabetes at the end of
the study than participants in the seven
control arms (OR 5 0.67 [95% CI 0.49,
0.92]). Participants receiving educa-
tion/counseling delivered via technol-
ogy (n = 1; OR = 0.21 [0.1, 4.27]), group
educationby communitymembers (n=4;

OR = 0.71 [0.37, 1.35]), or individual
counseling by health care professionals
(n = 1; OR = 0.71 [0.37, 1.36]) did not
exhibit significantly lower odds of de-
veloping diabetes than control partici-
pants (Table 2).

In subgroup analyses, pooled ORs for
diabetes were significant only in some
participant groups (Supplementary Table
2). Compared with control participants,
significantly lower odds of developing
diabetes were observed only in studies
where participants were older than 50 years
of age (OR = 0.65 [0.48, 0.87]), in studies
where .60% of participants were fe-
male (OR = 0.61 [0.43, 0.86]), in studies
where participant baseline mean BMI
was$30 kg/m2 (OR = 0.62 [0.44, 0.87]),
in studies where participants were white/
European (OR = 0.65 [0.48, 0.87]), and in
studies with a prediabetes prevalence
,50% (OR = 0.60 [0.42, 0.87].

A multivariate meta-regression with
participant age, weight lost, average
number of sessions attended, and follow-
up length as predictors of diabetes risk
accounted for 87.8% of effect heteroge-
neity (P , 0.001). Each additional kilo-
gram of weight lost by participants (b =
0.57[95%CI0.41,0.78]) (Fig.2A)andeach
additional intervention session they at-
tended(b=0.82 [0.74,0.90]) (Fig.2B)was
associatedwith 43% and 18% lower odds
of developing diabetes, respectively.
Conversely, each additional month of
follow-up was associated with higher
odds of developing diabetes (b = 1.06
[1.02, 1.09]). Participant age was not a
significantpredictor inthemodel(b=0.95
[0.91, 1.00]).

Weight Loss
From 61 studies with relevant data, the
pooled pre/post weight change among
intervention participants was 22.5 kg
[95% CI23.0, 21.9], although effects
widely varied between studies (t2 =
4.2, I2 = 99%). In controlled studies (n =
29), intervention participants lost 1.5 kg
[22.2, 20.8] more than control partic-
ipants (I2=90%).Thearm-basednetwork
meta-analysis showed that, compared
with control arms (n = 25), only in-
tervention arms employing group edu-
cation by community members (n = 26)
achieveda significantweight loss (22.1 kg
[–3.1,21.0]).Theweightchangeobserved
in studiesusing groupeducationbyhealth
care professionals (n = 30;21.1 kg [22.3,
0.1)], individual counseling by health care

Table 1—Characteristics of participants (n = 17,272) and studies (n = 63) included in
meta-analyses

Value

Baseline participant-level characteristics*

Age, years 49.7 (7.9)

Male 28.8%

White/European 60.8%

Pacific Islander/Indigenous 29.7%

Asian 10.6%

Weight, kg 85.0 (11.0)

BMI, kg/m2 31.3 (4.2)

FBG, mmol/L 5.7 (0.6)

2-h PPG, mmol/L 6.4 (1.7)

A1C, % 5.6 (0.5)

A1C, mmol/mol 37.7

Study-level characteristics

Country of study
U.S. 41 (65)
U.K. 5 (8)
Australia 4 (6)
New Zealand 3 (5)
The Netherlands 2 (3)
Finland 2 (3)
Canada, Greece, Israel, Japan, Spain, and Norway (one each) 6 (10)

Design
Pre/post single group study 25 (40)
Nonrandomized controlled study 16 (25)
Randomized controlled study 22 (35)

Intervention strategy†
Group diabetes education from community member 28 (44)
Group diabetes education from health care professional 31 (49)
Individual counseling from health care professional 4 (6)
Education/counseling delivered using technology‡ 8 (13)

Delivery Setting†
Remote delivery 8 (13)
Community setting 39 (62)
Clinical setting 25 (40)

Provider Type†
Lay community member 28 (44)
Health care professional 33 (52)
Technology assisted 7 (11)

Data are mean or mean (SD) for participant-level characteristics, unless otherwise noted,
and n (%) for study-level characteristics. Individual study characteristics are presented in
Supplementary Table 1. *Baseline participant-level characteristics are weighted averages by
the number of participants in each study. †Some studies used more than one of these strategies/
setting/provider, which makes the study count go over 63. ‡Technologies used to provide group/
individual education or counseling include interactive voice response calls, video conference,
internet, cable television, and DVDs.
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professionals (n = 3;20.3 kg [23.0, 2.4]),
and education/counseling delivered via
technology (n = 8; 20.1 kg [22.8, 2.5])
was not significant (Table 2).
In subgroup analyses, weight loss dif-

fered by certain participant character-
istics (Supplementary Table 2). Studies in
which participants werewhite/European
had a larger weight loss (23.5 kg [24.6,
22.4]) than studies in which participants
were Hispanic (21.2 kg [22.1,20.3]) or
Asian (21.3 kg [22.2, 20.3]). Similarly,
studies in which participant baseline
mean BMI was $30 kg/m2 showed sig-
nificantly greater weight loss (22.9 kg

[23.5,22.3]) than studies in which par-
ticipant baseline mean BMI was
,30 kg/m2 (21.1 kg [21.8, 20.4]).

A multivariate meta-regression with
participant baseline BMI and age, pro-
portionofmaleparticipants,averagenum-
berof intervention sessions attended, and
follow-up length as predictors of weight
change accounted for 65% of effect het-
erogeneity (R2 = 0.64, P, 0.0001). Higher
baseline BMI and higher average number
of sessions attended were the only sig-
nificant predictors of higher weight loss in
the model. Specifically, every additional
intervention session participants received

was associated with 0.15 kg more weight
lost (b = 20.15, P , 0.0001) (Supple-
mentary Fig. 2A), while a point higher
baseline BMI was associated with 0.37 kg
higherweight loss (b=20.37,P,0.0001)
(Supplementary Fig. 2B).

Glycemic Outcomes
Among studies reporting FBG outcomes
(n = 29), a pre/post reduction in FBG of
0.09 mmol/L [95% CI20.17,20.02] was
observed, although effects widely varied
across studies (t2 = 31.5, I2 = 98%). In
controlled studies (n = 14), intervention
participants achieved a 0.09 mmol/L
[20.15,20.03] greater FBG reduction
thancontrolparticipants (I2=84%).The
arm-based network meta-analysis showed
that, compared with control arms (n = 17),
intervention arms (n = 34) achieved a
0.07 mmol/L [20.14, 20.04] reduction
in FBG. However, when explored sepa-
rately, group education by community
members (n = 9; 20.03 mmol/L [20.17,
0.1]), group education by health care
professionals (n = 22; 20.09 mmol/L
[20.19, 0.01]), individual counseling by
health care professionals (n = 2; 20.19
mmol/L [20.43, 0.04]), and education/
counseling delivered via technology (n =
1; 20.08 mmol/L [20.39, 0.23]) did not
have significant effects (Table 2).

In subgroupanalyses, FBGeffectswere
significant only in certain participant
groups (Supplementary Table 2). Signif-
icant FBG reductions were observed in
studies where participants were over
50 years old (20.16 mmol/L [20.23,
20.08]), in studies where participants
were African American (20.43 mmol/L
[20.58, 20.28]), and in studies where
.60% of participants were female
(20.11 mmol/L [20.22,20.00]). Signif-
icant FBG reductions were also observed
in studies where $50% of participants

Figure1—Networkstructureofinterventiontrialsassessedinthearm-basednetworkmeta-analysis
foralloutcomes.Thefigureshowstheeligiblecomparisonsavailable in thestar-shapednetworkfor
all outcomes (diabetes incidence, weight, FBG, PPG, and A1C) of the direct and indirect meta-
analysis. Each node in the network is depicted; the lines show the comparisons that contributed to
the analysis. All treatment arms were compared directly or indirectly against control arms. Direct
comparisons were those conducted as part of a study, whereas indirect comparisons were those
conducted in the network meta-analysis. Although some intervention strategies were compared
directly in some studies, these were not indirectly compared in the present meta-analysis. COM,
community member; HP, health care professional; TEC, technology.

Table 2—Arm-based network meta-analysis comparing the effect on weight loss, FBG, and diabetes incidence between
intervention and control arms, by intervention strategy

Comparison

Weight* (kg) FBG† (mmol/L) Diabetes incidence‡

n Change [95% CI] n Change [95% CI] n OR [95% CI]

Group education by COM vs. control 26 22.1 [–3.1, 21.0] 9 20.04 [–0.17, 0.10] 4 0.71 [0.37, 1.35]

Group education by HP vs. control 30 21.1 [–2.3, 0.1] 22 20.09 [–0.19, 0.01] 11 0.67 [0.49, 0.92]

Individual counseling by HP vs. control 3 20.3 [–3.0, 2.4] 2 20.19 [–0.43, 0.04] 1 0.71 [0.37, 1.36]

Education/counseling by TEC vs. control 8 20.14 [–2.8, 2.5] 1 20.08 [–0.40, 0.23] 1 0.21 [0.1, 4.27]

This was a multiple treatment comparison meta-analysis where arms across studies were grouped according to the intervention employed,
and a pooled effect for each group, compared with control arms, was estimated. n = number of intervention arms. Mean (SD) duration of active
intervention: 23 (22) weeks; range 1–130. Average (SD) number of sessions offered: 18 (25); range 1–58. COM, community member; HP, health care
professional; TEC, technology. *61 studies including 67 interventions arms and 25 control arms. †29 studies including 34 interventions arms
and 17 control arms. ‡14 studies including 17 interventions arms and 7 control arms.
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had prediabetes (20.20 mmol/L [20.31,
20.08]) and in studies where participant
meanBMIwas,30kg/m2(20.14mmol/L
[20.28, 20.00]). A multivariate meta-
regression model with participant age,
proportion of male participants, aver-
age number of intervention sessions at-
tended, follow-up length, and weight
change did not explain effect heteroge-
neity in FBG.
Studies reporting PPG (n = 7) or A1C

outcomes (n=9)did not achieve significant
improvements in these outcomes: effects
were20.19mmol/L [20.54, 0.16] for PPG
and20.01% [–0.1, 0.1] (223.6 mmol/mol
[–24.6, 222.4]) for A1C.

Quality and Consistency Assessment
Of the 77 studies included in the system-
atic review, 15 were classified as high
quality, 47 as medium quality, and 15 as
low quality. Overall, high-quality studies
were better than low- ormedium-quality
studies at balancing aspects of internal
validity (e.g., employing objective glu-
cose measures) and external validity
(e.g., reporting information to promote
intervention translation) (Supplementary
Table 1). Of the 63 studies included in
the meta-analysis, 12 were considered
of high quality, 41 of medium quality,
and 10 of low quality. In sensitivity anal-
yses, high-quality studies showed the
greatest effects on weight (23.0 kg [24.7,

21.3]) and on FBG (20.17 mmol/L
[20.31,20.04]). For diabetes incidence,
only high quality studies achieved signif-
icantly lower odds for developing diabe-
tes (OR = 0.64 [0.48, 0.87]).

Egger tests suggested publication bi-
as was present among studies reporting
diabetes incidence (P , 0.0001) and
weight outcomes (P , 0.0001). A visual
examination of funnel plots confirmed
that smaller studieswith null effects on
weight and diabetes incidence were
less likely to be published than studies
with positive effects (Supplementary
Fig. 3).

Estimates from direct and indirect ev-
idence were consistent (i.e., in the same
direction), although significance of ef-
fects differed. For diabetes risk, direct
evidence showed that only group edu-
cation by health care professionals low-
ered the odds of developing diabetes
(OR5 0.66 [0.48, 0.91]), while indirect
evidenceshowednosignificanteffects.
For weight change, direct evidence
showed that group education by com-
munitymembers (22.9 kg [23.3,22.6]),
group education (21.4 kg [–1.6, 21.2]),
and individual counseling (20.6 kg
[21.1, 20.8]) by health care professio-
nals promoted weight loss. Indirect ev-
idence showed no statistically significant
weight loss foranyof thesestrategies.For
FBG, direct evidence showed that group

education (20.10 mmol/L [20.10,20.00])
and individual counseling (20.30 mmol/L
[20.50, 20.02]) by health care professio-
nals promoted FBG reductions, while indi-
rect evidence showed no significant effects.

CONCLUSIONS

In this systematic review andmeta-analysis,
we summarize the effects of LSM strat-
egies for type 2 diabetes prevention
implemented under real-world condi-
tions. We used a network meta-analysis
approach to determine how much evi-
dence is available, identify where evidence
is lacking, understand heterogeneity and
inconsistency of evidence, and explore
what treatments are the most promising.
We found that participants receiving an
intervention had a 29% lower risk of de-
veloping diabetes, lost 1.5 kg more body
weight,andreducedFBGby0.09mmol/L
more than participants not receiving one.
Overall, thismeta-analysis showsthatLSM
strategies implemented under real-world
conditions are promising approaches for
preventingdiabetes, thoughmore studies
from low- and middle-income countries
are still needed.

The diabetes relative risk reduction
effect we observed aligns with a previous
meta-analytic estimate of translation
studies (14) but is smaller than that
reported in a meta-analysis from the

Figure 2—A: Meta-regression exploring the association between weight loss and odds of having diabetes at the end of the intervention among
interventionparticipants (N=15studies). Themeta-regression showed the independent effectofweight lossondiabetes risk; everyadditional kilogram
participants lost was associated with 43% lower odds of developing diabetes than among control participants (b = 0.57 [95% CI 0.41, 0.78]). B: Meta-
regressionexploringtheassociationbetweennumberof interventionsessionsreceivedandoddsofhavingdiabetesat theendof the interventionamong
interventionparticipants (N =10 studies). Themeta-regression showed the independent effect of numberof intervention sessions receivedondiabetes
risk; everyadditional sessionparticipants receivedwasassociatedwith18% loweroddsofdevelopingdiabetes thanamongcontrolparticipants (b=0.82
[0.74, 0.90]). In both panels, the middle line represents the regression line and the two dotted lines the 95% CIs for the regression line.
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Community Preventive Services Task
Force (11). This may be explained by
the fact that the former analysis included
efficacy-type studies, which are imple-
mented in optimal conditions and may
result in largereffect sizes (37).Regarding
intervention strategies, we found that
only group education delivered by health
care professionals was associated with
lower diabetes incidence among those
receiving the intervention. This may be
due to the fact that more studies con-
ducted in clinical settings have access to
glucose data and testing and thus are
better able to detect diabetes than those
delivered in community settings. Since
9 out of the 14 studies analyzed were
conducted in clinical settings, data are still
needed to determine the effects of com-
munity-based interventions on diabetes
incidence.
Intensity of the LSM interventions and

length of study follow-up were both
important factors influencing diabetes
incidence. Specifically, greater atten-
dance at intervention sessions and greater
weight loss were associated with larger
reductions in diabetes incidence. How-
ever, we also noted smaller reductions
in diabetes incidence in studies with lon-
ger follow-up. This may be related to
challenges in maintaining the intensity of
the intervention or to continued patho-
physiogical progression toward diabetes
with aging. Indeed, in our previous meta-
analysis, we showed the effects of LSM
strategieswanewith time (38), suggesting
strategies tomaintain interventioneffects
in the long termareneeded. Furthermore,
longer follow-up studies which examine
the relative costs and benefits of LSM are
needed to estimate the value of investing
in and implementing these programs
more widely.
Regardingweight loss, our findings are

consistent with those from other meta-
analyses showing a pre/post weight loss
of 2.3–3.8 kg (9,10) and a between-group
weight loss difference of 1.6–2.7 kg
(7,9,10,14).Whenexploringdifferent in-
tervention strategies, we found that
group education by communitymembers
achieved significant weight reductions.
This aligns with findings from a previous
meta-analysis (8) and shows that non-
medical personnel are effective interven-
tion delivery agents, achieving similar
health benefits at lower costs. We also
found that every additional kilogram of
weight lost was associated with lower

diabetes incidence, supporting the prem-
ise that weight loss is important for di-
abetes prevention (12,13). However,
previous meta-analyses of translation
studies show that, on aggregate, LSM
strategieswere associatedwith amean
weight loss of 2–4% from baseline (8–10),
and our findings suggest that even a 1%
reduction in body weight significantly
reduces risk. This challenges the current
practice of reimbursement based on a
threshold of 5% weight loss from baseline
(36).

We found significant pre/post reduc-
tions in FBG within intervention partic-
ipants and larger reductions among
intervention than among control partic-
ipants, which aligns with previous find-
ings (10,11). When all intervention arms
were compared against control arms,
significant reductions in FBG were ob-
served but not when intervention arms
were explored separately, suggesting
lack of statistical power. As in a previous
meta-analysis (7), null effects were ob-
served for PPG, whichmay be due to lack
of power given that PPG is an expensive
glucose measure requiring a larger time
commitment for participants and staff
and thus is seldom used in translation
studies. Indeed, only seven studies in-
cluded a PPG measure compared with
29 that included FBG. Null effects were
also observed for the nine studies re-
porting A1C, while positive effects have
beenobserved inapreviousmeta-analysis
oftranslationstudies(14)andanotherone
synthesizing interventions translating
the U.S. DPP model (10). The small or no
improvements we observed in A1C may
be related to the fact that two-thirds of
the studies included people with normal
glucose regulation.

This meta-analysis identified several
gaps in the global translational evidence
base. First, even though low- andmiddle-
income countries bear the greatest di-
abetes burden and mortality (1), ;90%
of the intervention studies included in
this review were implemented in high-
income countries. Similarly, even though
there are ethnic groups that are highly
susceptible to develop diabetes (e.g.,
South Asians, Pacific Islanders), few stud-
ieswere focusedon such groups. Second,
80% of the studies were of low to me-
diumquality,meaningmost of the studies
included in this meta-analysis had both
internal and external validity limitations.
Third, we found evidence of publication

bias, suggesting small studies with null
findings were less likely to be published.
There was also imprecision in effect es-
timates and lack of association between
most intervention strategies and out-
comes in the arm-based network meta-
analysis; this is likely due to small sample
sizes and lack of power. For instance, only
eight studies testededucation/counseling
delivered via technology, for which no
significant effectswere observed. Fourth,
only half of the studies measured glucose
outcomes,while only 14 reporteddiabetes
incidence; cost and feasibility ofmeasuring
these outcomes may explain this low use.
Also,mostofthestudiesreportingdiabetes
incidencehadashortstudyfollow-uplength
(i.e., 1–2 years), which prevents us from
exploring a true diabetes prevention
effect. This may also have resulted in
an overestimation of preventive effects.
Finally,sincemostofthestudiesreporting
on diabetes incidence were conducted
in clinical settings, data are still needed
to determine the effects of community-
based interventions ondiabetes incidence.

Strategies that can help address these
gaps include the following. To start, more
diabetes prevention interventions should
beimplementedinlow-andmiddle-income
countries and more should be offered to
those ethnic groups that are prone to
develop diabetes. Good quality, controlled
studies that balance features of internal
andexternalvalidityarealsoneeded;frame-
works to balance internal and external
validity(e.g.,Reach,Effectiveness,Adoption,
Implementation, and Maintenance [RE-
AIM]) (39), feasible controlled study de-
signs (e.g., rollout designs, hybrid designs)
(40,41), and pragmatic measures (42) can
be used in this endeavor. To better assess
diabetes prevention, studies with long-
term follow-upperiods (e.g., over 5 years)
should be pursued. Also, studies with null
findings should be published to better
understand which diabetes prevention
interventions work, for whom, and under
which conditions. Last, although measuring
glucose outcomes and diabetes incidence
maybecostlyandtaketime, feasiblewaysto
assess such outcomes should be devised
(e.g., using readily available data), especially
in community-based interventions, to truly
assessdiabetesprevention in the realworld.

Our findings should be interpreted in
light of the present limitations. Transi-
tivity, or similarity between studies, was
notachievedgiventhatourmeta-analysis
examinedtheexternalvalidityofdiabetes
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prevention interventions and included
studies that differed in design,methods,
populations, and interventions. This prob-
ably contributed to the high percentage
of statistical heterogeneity we observed
(over 90%) in intervention effects, which
waspartially explained inmeta-regressions
and subgroup analyses. Forty percent
of the studies included used a pre/post
single-group design, which may be sub-
ject to confounding. To overcome this,
we separately examined studies that
had control groups and observed larger
benefits in intervention groups than
control groups. Estimates from direct
and indirect evidence were consistent
(i.e., in the same direction), which we
tested by comparing direct and indirect
effects rather thanbyconducting formal
consistency tests (e.g., node splitting,
back calculation).We grouped interven-
tions according to two major character-
istics (i.e., delivery agent and modality)
and did not explore the effect of other
features included in some interventions
(e.g., incentives, pedometers). Thus,
similar but not identical interventions
were grouped together. We tested a
star-shaped network that did not
compare intervention strategies against
each other and did not rank interven-
tion strategies according to their probabil-
ity of being the best. A fully connected
network is required to explore the com-
parative effectiveness of different strate-
gies.

Summary
Even though low- and middle-income
countries bear the greatest diabetes
burden and mortality, the majority of
translational diabetes prevention inter-
ventions have been implemented in high-
income countries. Available evidence
shows LSM strategies implemented un-
der real-world conditions can lower di-
abetes risk and promote weight loss.
Group-based education delivered by lay
community members or by health care
professionals are promising real-world
diabetes prevention strategies. We also
found a 1% weight loss associated with
lower diabetes incidence, which chal-
lengesthecurrentpracticeof reimburse-
ment based on a threshold of 5%weight
loss from baseline. Good quality trans-
lational diabetes prevention interven-
tions are needed, mainly in low- and
middle-income countries. The burden of
diabetes worldwide is only growing and

efforts shouldbedirectedat implement-
ing proven LSM interventions globally.
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