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Introduction

why IS ThIS ISSUe IMPOrTanT TO POLIcyMakerS?

Type 2 diabetes is a preventable disease. It is the most common form of diabetes, 
which develops when the body no longer uses insulin properly and is unable to 
keep blood glucose at normal levels.1 The prevalence of Type 2 diabetes (referred 
to hereafter as diabetes) has reached epidemic levels and is expected to worsen 
in the coming decades if effective means of prevention are not implemented. 

diabetes already affects approximately 29 million americans—almost 1 in 10—based on 2012 
data.2 The centers for disease control and Prevention (cdc) projects total diabetes prevalence 
(diagnosed and undiagnosed) of the U.S. population to increase to 21% by 2050—more than  
1 in 5 american adults.3 In 2008, almost one in five patients admitted to hospitals in new york 
State had a primary or secondary diagnosis of diabetes.4

The prevalence of diabetes is particularly high among racial and ethnic minorities, contributing to 
the overall challenge of health disparities in the United States. The american Indian/alaska native 
population has a rate of diabetes that is double that of non-hispanic whites, whereas blacks and 
hispanics are 1.7 times as likely to have a diabetes diagnosis as non-hispanic whites (Figure 1).2

FIgUre 1: age-adjusted percentage of people aged 20 years  
or older with diagnosed diabetes by race/ethnicity, United States, 2010–2012

Source: national diabetes Statistics report: estimates of diabetes and Its burden in the United States, 2014.  
centers for disease control and Prevention.
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Introduction (continued)

In addition to the number of diagnosed cases of diabetes, estimates suggest that as many as 
86 million people in the United States—more than 1 out of 3 adults—have prediabetes (people 
at higher risk of developing diabetes as indicated by moderately elevated blood sugar levels, 
namely, hba1c 5.7%–6.4%).2 The annual incidence of Type 2 diabetes is 5%–10% in people with 
prediabetes compared with about 1% per year in the general adult population.5 Still others 
are at risk for developing diabetes based on one or more risk factors. Some risk factors 
cannot be changed, including age,6 race or ethnicity,7 gender,8 and family history,9 but many 
others, including weight (overweight and obesity),10 physical inactivity,11 and smoking,12 can be 
modified. If these major modifiable risk factors for diabetes were reduced or eliminated, a large 
proportion of diabetes cases could be prevented.  

The epidemic of diabetes and prediabetes has serious implications for health care costs. 
Multiple forecasting studies have predicted that costs related to diabetes will rise exponentially 
in the next several decades. huang, basu, O’grady, and capretta (2009) projected that annual 
U.S. diabetes-related health care costs will triple from $113 billion in 2009 to $336 billion in 
2034 (in 2007 dollars) (Figure 2).13 Individuals with diagnosed diabetes currently incur average 

FIgUre 2: Projected direct spending on diabetes and its complications  
for different cohorts, 2009–2034
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medical expenditures of approximately $13,700 which is about 2.3 times the average medical 
expenditures for those without diabetes.14 Most of the costs for treating people with diabetes  
in the United States (62.4%) are borne by government insurance, including Medicare,  
Medicaid, and the military.14 beyond health care costs, the economic burden of diabetes also 
includes indirect costs such as increased absenteeism ($5 billion), reduced productivity for 
those in the workforce ($20.8 billion), inability to work as a result of disease-related disability  
($21.6 billion), and lost productive capacity resulting from early mortality ($18.5 billion).14

Strong empirical evidence from clinical trials suggests that preventing or delaying the onset  
of diabetes can be achieved through lifestyle interventions.15,16,17 hundreds of distinct programs 
have been developed to move the success of clinically based interventions to community 
settings across the country to help people change their eating and exercise patterns to lose 
weight and prevent or delay the onset of diabetes. This synthesis aimed to identify the full  
range of studies of community-based diabetes prevention programs, assess the strength of 
their research methodologies, and weigh the evidence available from this literature to answer 
the following questions:

1 what types of community-based diabetes prevention strategies have been evaluated in  
the peer-reviewed literature?

2 how effective are community-based prevention interventions in reducing the risk or  
delaying the onset of diabetes?

3 what are the costs of community-based diabetes prevention programs?

4 what are the limitations and gaps of the existing literature for diabetes prevention programs?

given that real lives and dollars are at stake, policymakers need answers to these fundamental 
questions to make policy decisions that use investments wisely to implement the most effective, 
efficient, and sustainable interventions for their communities.
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Methodology Overview

To conduct this synthesis report, we defined a diabetes prevention program as 
an intervention for adult participants who are at risk for diabetes or diagnosed 
with prediabetes. we defined at risk for diabetes to mean an individual who is 
overweight or obese and has at least one other risk factor (e.g., physical inactivity, 
smoking) for developing diabetes.i These risk factors are listed in more detail 

in Table I-1 of appendix I. we defined prediabetes to mean individuals with glucose levels 
consistent with impaired fasting glucose (100–125 mg/dL) or impaired glucose tolerance 
(140–199 mg/dL, 2 hours after a 75-gram oral glucose tolerance test). This synthesis is limited 
to U.S. studies of adults aged 18 years or older. a comprehensive and systematic search was 
conducted using multiple electronic databases for evaluation studies of interventions. This 
synthesis reviewed the literature for all programs designed to reduce the risk of diabetes in 
adults diagnosed with prediabetes or at risk for developing diabetes. Literature prior to 2002 
was excluded, as were the three original clinical trials (nIh-dPP, da Qing, Finnish diabetes 
Prevention),15–17 because the focus of the synthesis was on translational studies of community-
based diabetes prevention programs. The primary focus of the search was lifestyle change 
studies and evaluations that have been published in the peer-reviewed literature. More details 
on the literature search are available in appendix I.

Findings from randomized controlled trials (rcTs) offer the highest degree of confidence that 
the outcomes are a result of the interventions being studied rather than other factors. This 
synthesis includes both studies with true experimental designs and studies with other designs, 
however, for two reasons. First, although rcTs rank high in terms of strength of evidence, 
they are less likely to be easily replicated in real-world settings. Second, many community-
based diabetes prevention studies did not use rcTs because their primary intent was to assess 
the feasibility of modifying a clinical trial (i.e., the nIh-dPP intervention17) for use outside of 
research settings. nonetheless, we relied more on evidence from rcTs compared with non-
rcT studies for our conclusions.

The nIh-dPP

The diabetes Prevention Program, sponsored by the national Institutes of health (nIh-dPP), is the gold 
standard in the United States for a well-designed clinical trial to determine whether diet, exercise, or 
drugs can prevent or delay the onset of Type 2 diabetes in people who are at risk. The study included more 
than 3,200 participants—nearly half of whom represented minority groups. Participants who received 
intensive, one-on-one counseling on lifestyle interventions, including diet and exercise, cut their risk of 
developing diabetes by more than half. Participants who used the oral drug, metformin, reduced their risk 
of developing diabetes by almost one-third. This was the first large-scale study in the United States to 
successfully show that interventions can prevent, or at least delay, the onset of Type 2 diabetes. 

i  The definition of at risk for diabetes was finalized based on the current state of knowledge and discussion with 
and input from the advisory group for new york State health Foundation and robert wood Johnson Foundation.
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Methodology Overview (continued)

evaLUaTIng QUaLITy and STrengTh OF evIdence

To evaluate the quality of individual rcTs, we relied on criteria established by west et al. 
(2002) in an evidence report from the agency for healthcare research and Quality (ahrQ) for 
assessing study quality and overall strength of evidence from rcTs.18 according to this ahrQ 
report, the critical domains in the criteria to rate the quality of rcTs are study population, 
randomization, blinding, interventions, outcomes, statistical analysis, and funding or 
sponsorship. Studies were assessed a score from one to seven based on these criteria.

To our knowledge, there are no settled evaluation criteria or guidelines available to assess the 
quality of studies using non-randomized controlled design. as a result, we assessed the quality 
of individual non-rcT studies based on study population; participant recruitment; sample 
size and attrition; development and implementation of an intervention; outcomes; statistical 
analysis; and limitations.

when assessing the strength of bodies of evidence after evaluating the quality of individual 
studies, we considered three criteria in the evidence report from ahrQ: quality, quantity, 
and consistency.18 Quality refers to “the aggregate of quality ratings for individual studies, 
predicated on the extent to which bias was minimized.” Quantity considers the “magnitude of 
effect, numbers of studies, and sample size or power.” consistency means “for any given topic, 
the extent to which similar findings are reported using similar and different study designs.”18

OrganIzaTIOn OF InTervenTIOn caTegOrIeS

In light of significant variation in programs designed to reduce the risk of diabetes in adults,  
we classified interventions into three categories. The first type, lifestyle studies, were those using 
an intervention modeled after the nIh-dPP lifestyle intervention and included both components 
of healthy diet and physical activity. The second type used an intervention that focused on either 
healthy diet or physical activity, but not both. The third type were pharmacological interventions 
that used medications as the main intervention to prevent diabetes.

cOMParIng OUTcOMeS acrOSS STUdIeS

although all studies aimed to evaluate the effectiveness of diabetes prevention programs,  
they targeted various outcome measures, including weight change, hemoglobin a1c (blood 
sugar), fasting glucose level, lipid profile (cholesterol), blood pressure, and insulin resistance. 
The heterogeneity in reported outcome measures makes it challenging to perform a head-to-
head comparison between different studies. we adopted a multivariate prediction model of 
diabetes risk to address this problem.19 The San antonio diabetes Prediction Model (SadPM) 
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Methodology Overview (continued)

calculates the likelihood of being diagnosed with diabetes over a 7½-year period based on 
age, gender, ethnicity, fasting blood glucose, systolic blood pressure, high-density lipoprotein 
(hdL) cholesterol, body mass index (bMI), and family history of diabetes. The main advantage of 
using this validated, peer-reviewed prediction model is that it enables us to compare the most 
important outcome measure—the reduction in risk of developing diabetes—across all diabetes 
prevention programs. This model has been applied and cited in more than 70 papers, including 
many from the nIh-dPP. 

after estimating risks of developing diabetes from the model, we calculated the relative risk 
reduction (rrr) for each identified study—that is, how likely the intervention was to reduce 
the risk of developing diabetes compared with other studies. rrr is a standardized risk 
reduction measure that can be used to compare the relative effectiveness of each diabetes 
prevention program. 



—8—

The Effectiveness of Diabetes Prevention Programs in Community Settings

Findings

whaT TyPeS OF cOMMUnITy-baSed dIabeTeS PrevenTIOn PrOgraMS  
have been evaLUaTed In The Peer-revIewed LITeraTUre?

we identified 46 studies that met both our inclusion criteria and our methodological criteria. 
among these studies, we found 23 lifestyle studies that included both components of healthy 
diet and physical activity, 4 studies that used an intervention focused on either healthy diet or 
physical activity, and 19 pharmacological intervention studies (Figure 3). detailed information 
about each study is tabulated in appendices III–v. 

FIgUre 3: Types of diabetes prevention programs (n=46)

hOw eFFecTIve are cOMMUnITy-baSed PrevenTIOn InTervenTIOnS  
In redUcIng The rISk Or deLayIng The OnSeT OF dIabeTeS?

There is modest evidence that full lifestyle interventions implemented in community settings 
can reduce the risk of diabetes, but the effect of the interventions is highly variable across 
studies. For full lifestyle interventions (interventions that included both diet and exercise) we 
found 9 rcTs and 14 non-rcT studies that met our inclusion criteria.20–28, 29–41 among the rcTs,  
2 of 9 trials (Ma et al. and katula et al.) had relatively large rrrs (-24% and -19%), whereas  

drug, 19

Lifestyle, 23

diet or 
Physical 
activity only, 4

50%
41%

9%
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Findings (continued)

the remaining 7 trials had very small rrrs (-5% or less) (Table 1).20, 21 Participants in the Ma 
study were randomized to a coach-led group intervention, a self-directed dvd intervention,  
or usual care. Thirty-seven percent of participants in the coach-led group achieved the weight-
loss goal compared with 36% in the self-directed group and 14% in the usual care group.20 
katula et al. (2011) evaluated the community-based translation of the nIh-dPP lifestyle 
intervention with overweight and obese participants with prediabetes via a local diabetes 
education program overseen by registered dietitians and community health workers. The study 
found that participants in the intervention group experienced statistically significant decreases 
in blood glucose, insulin, insulin resistance, weight, bMI, and waist circumference compared 
with usual care participants.21 

among large non-rcT studies, only one study had a large rrr (vanderwood, hall, harwell, 
butcher, and helgerson, 2010), whereas the other four studies had modest rrrs of -13% 
or less (Table 2).29–33 vanderwood et al. (2010) evaluated an adapted group-based nIh-dPP 
lifestyle intervention with 1,003 participants and 8 health care facilities.29 among participants 
who completed the core curriculum, 45% achieved the weight-loss goal and 66% achieved the 
physical activity goal. among those who also completed 6 group booster sessions after the core 
curriculum, 49% achieved the weight-loss goal and 70% achieved the physical activity goal. 
Studies by davis-Smith and boltri had large rrrs (46% and 40%), but these two studies had  
10 or fewer patients.34, 35 Several other non-rcT studies had relatively large rrr scores 
(ranging from -18% to -29%), but again the small sample size (ranging from 8–84) makes it  
hard to generalize from their conclusions.34–41 

evidence indicates lifestyle interventions can work outside of a research setting and be 
modified to take place in groups. all full lifestyle studies included in this synthesis implemented 
diabetes prevention programs in nonresearch settings such as primary care facilities,  
yMcas, churches, homes, and neighborhoods. In addition, almost the entire body of literature  
on community-based diabetes prevention programs used group-based lifestyle interventions.  
group settings make the intervention less resource intensive, so it becomes easier for 
communities with modest resources to adopt the intervention. both results make diabetes 
prevention programs more feasible compared with clinically based prevention programs.

despite the high prevalence of diabetes and prediabetes in blacks and hispanics, we know 
little about successful community-based interventions for racial and ethnic minorities. 
although the participants in the nIh-dPP were racially and ethnically diverse, the majority 
of participants in nearly all the community-based studies in this synthesis were white, non-
hispanic, and primarily female. The lack of minority participants was common across all types 
of studies (full lifestyle interventions, diet- or exercise-only interventions, and pharmacological 
interventions) with a few exceptions. we identified four studies with a small group of 
participants entirely consisting of either hispanics or blacks.27, 34–36 a study by davis-Smith et al. 
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TabLe 1: rcTs of Full Lifestyle Interventions

Study Quality 
score

group 
(g) or 

individual 
(I)

Personal 
(P) or 

virtual 
(v)

Main  
setting

Prediabetes 
(Pd)  

or at risk 
(ar)

Sample 
size Findings

relative  
risk  

reduction  
(rrr)

Ma et al. 
(personal)20 7 g P Outpatient Pd 241

bMI decrease from baseline in the diabetes prevention-led 
group vs. that in the usual care group (-2.2 vs. -0.9, p<0.001). 
The percentage of participants who achieved the 7% dPP-
based weight-loss goal was 37.0% in the diabetes prevention-
led group vs. 14.4% in the usual care group (p=0.03). The 
intervention also achieved greater net improvements in waist 
circumference and fasting plasma glucose level.

-31% 
(-24%  
compared  
to control)

katula  
et al.21 6 g P community Pd 301

after 12 months, compared with usual care participants, 
intervention participants experienced significantly greater de-
creases in blood glucose (-4.3 vs. -0.4 mg/dL; p<0.001), insulin 
(-6.5 vs. -2.7 µU/mL; p<0.001), homeostasis model assessment 
of insulin resistance (-1.9 vs. -0.8; p<0.001), weight (7.1 vs. 
1.4 kg; p<0.001), bMI (2.1 vs. 0.3 kg/m2; p<0.001), and waist 
circumference (-5.9 vs. -0.8 cm; p<0.001).

-31%
(-19%  
compared  
to control)

Tate  
et al.22 5 I v home Pd 92 behavioral e-counseling group lost more mean weight at 12 

months than the basic Internet group (p=0.04).

-10%
(-5% compared  
to control)

ackermann

et al.23
6 g P yMca Pd 92

after 6 months, body weight decreased by 6.0% in intervention 
participants and 2.0% in controls (p<0.001; difference between 
groups). Intervention participants also had greater changes 
in total cholesterol (-22 mg/dL vs. 6 mg/dL controls; p<0.001). 
These differences were sustained after 12 months.

-8%
(-6% compared  
to control)

ackermann

et al.24
6 g P yMca Pd 66

at 28 months, after both arms were offered the same 8-month 
lifestyle maintenance intervention, both arms had statistically 
significant weight losses compared to baseline (brief advice 
controls: 3.6%; 95% cI: 5.8 to 1.4; intensive lifestyle: 6.0%; 95% 
cI: 8.8 to 3.2). Participants initially assigned to the dPP also 
experienced significant improvements in blood pressure and 
total cholesterol.

-6%
(-4% compared  
to control)

Parikh  
et al.25 6 g P community Pd 99

The intervention group lost significantly more weight than  
the control group and maintained weight loss at 12 months 
(7.2 vs. 2.4 lbs; p<0.01). Limited behavioral changes from both 
groups. no changes in fat intake and physical activity.

-6%
(-4% compared  
to control)

Liao  
et al.26 6 g/I P community Pd 64

The treatment group showed significantly greater reduction 
in percentage of body fat; bMI; subcutaneous fat by computed 
tomography at the abdomen, thigh, and thorax; and skinfold 
thickness at the bicep and triceps, which continued despite 
moving to home-based exercise for the last 18 months.

-4%
(-5% compared 
to control)

Ockene  
et al.27 6 g/I P community ar 312

compared with the control group, the intervention group had 
significant weight reduction (-2.5 vs. 0.63 lb; p=.04), reduction in 
hemoglobin a1c (-0.10% vs. -0.04%; p=0.009), insulin resistance 
improvement, and greater reductions in percentage of calories 
from total and saturated fat. no significant difference in physical 
activity or fasting blood glucose between the two groups.

-1%
(-1% compared 
to control)

whittemore

et al.28
6 I P Outpatient ar 58

25% of lifestyle participants met treatment goals of 5% weight 
loss compared with 11% of standard care participants at 6 
months. no significant difference was observed in other clini-
cal outcomes from baseline between the two groups.

—

note: Quality score is based on the criteria established by ahrQ for evaluating quality in rcTs (see Methodology Overview).  
a point is given based on each criteria for measuring quality with 7 being the highest score.

Findings (continued)
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(2007) and two studies by boltri et al. (2008, 2011) evaluated full lifestyle interventions that took 
place in black churches. These studies modified the nIh-dPP intervention for use in a church 
setting and found modest weight loss among participants, but all three studies had sample 
sizes of 10 or less. More studies, each with a greater sample size of minority populations, are 
needed to provide adequate evidence regarding how a diabetes prevention program could work 
in these high-risk populations and whether barriers exist to their participation.

The variability of the study designs makes it difficult to conclude what made some programs 
more effective than others. One of the challenges of comparing studies of diabetes prevention 
programs is that they vary in design, intervention, setting, eligibility criteria, duration, 
and health outcomes studied. Studies also varied in how they measured the effect of the 
intervention. without uniform outcome measures, making comparisons among studies is 
challenging. Many studies lack the most important and direct outcome measure for evaluating 
the effectiveness of diabetes prevention programs: reduction in risk of developing diabetes. 
Future studies should include, at a minimum, change in weight, change in hba1c, change in 
blood pressure, and change in cholesterol.

The long-term effects of community-based lifestyle interventions have not been evaluated 
extensively. The original clinical trial-style diabetes prevention programs have had long-
term monitoring to determine the duration of effect following the conclusion of the active 
intervention period, but similar follow-up has been limited in diabetes prevention programs at 
the community level. although community-setting studies have shown that their interventions 
were effective during and immediately after the interventions, very few studies have had the 
resources to track the effect beyond one year of follow-up. evidence remains limited as to 
whether a community-setting lifestyle intervention that has short-term effectiveness will have 
lasting effects on outcome measures or how well it will measure up to the level of success of 
the nIh-dPP long-term outcomes. 

Programs that focus on either healthy diet or increased physical activity—but not both—
do not show much promise for reducing the risk of diabetes. we identified three rcTs that 
focused on either diet or increased physical activity, and none showed significant reductions  
in risk factors in the intervention group versus the control group (Table 3).42–44 The only  
study in this group that reduced the risk of diabetes was by Swartz, Strath, and basset (2003), 
but that study had no control group and a small sample size.45 

Full lifestyle interventions were more successful than pharmacological interventions 
at reducing the risk of diabetes on average. The studies of pharmacological interventions 
evaluated a variety of drugs (e.g., thiazolidinediones, meglitinides, angiotensive receptor 
blockers, ace inhibitors) and nutritional supplements (e.g., cholecalciferol, vitamins, chromium 
picolinate), making it hard to generalize across pharmacological interventions.56–74 Some 
pharmacological interventions did reduce the risk of diabetes. Using the rrr model, the studies 

Findings (continued)
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TabLe 2: non-rcT studies of Full Lifestyle Interventions

Study
group 
(g) or 

individual 
(I)

Personal 
(P) or 

virtual (v)
Main setting

Prediabetes 
(Pd)  

or at risk 
(ar)

Sample 
size Findings

relative 
risk 

reduction 
(rrr)

L I Fe S T y L e I n T er v en T I O n — L ar g e S T U d I e S

vanderwood 
et al.29 g P Outpatient ar/Pd 1,003

45% core participants and 49% core plus after-core session participants 
achieved the 7% weight-loss goal. There were significant improvements in 
blood pressure, fasting glucose, and LdL cholesterol among participants 
completing the intervention.

-0%

Swanson  
et al.30 g P Outpatient Pd 221

at the end of the intervention, 59% had significantly lower fasting glucose 
concentrations, 59% had improvement in 2-hour glucose levels, and 61% had 
weight loss.

-13%

amundson 
et al.31 g P Outpatient ar/Pd 355 45% of the participants achieved the 7% weight-loss goal; 70% achieved  

the physical activity goal of 150 minutes or more per week. -10%

almeida  
et al.32 g P Outpatient Pd 1,520 a significantly higher proportion of small-group participants lost at least  

5% of their body weight compared with controls (22% vs. 15%, p=0.001) -2%

Smith-ray 
et al.33 g P Outpatient Pd 292

Participants significantly increased reported minutes of moderate  
(p < 0.001) and vigorous (p = 0.028) physical activity and their daily servings of 
fruits and vegetables (p < 0.001).

n/a

L I Fe S T y L e I n T er v en T I O n — SM aL L S T U d I e S

davis-
Smith34 g P church Pd 10 Mean weight loss of 8.8, 6.5, and 10.6 lbs. right after the intervention, after 6 

months, and after 12 months, respectively. -46%

boltri  
et al.35 g P church Pd 8

Following the intervention, weight, systolic and diastolic bP, and Fg 
decreased by 7.5 lb (3.6%), 16 mm hg (11.7%), 12 mm hg (14.0%), and 5 mg/
dL (4.8%), respectively (p < 0.05).

-40%

boltri  
et al.36 g P church Pd 37

Overall, interventions were associated with decreased fasting glucose (108 to 
101.7 mg/dL; p=0.037) and weight loss (-1.7 kg) post intervention; 16-session 
intervention had similar results with minimum improvement from 6-session.

-29%

kramer  
et al.37 I; g 1 v; 1 P home Pd 48

Significant physical activities increase and weight loss were observed in both 
groups. gLb-dvd with remote support may provide an effective alternative 
for gLb-group delivery.

-28%

kramer  
et al.38 g P community Pd 81 Significant decreases were noted in weight (-5.1%, p<0.001), fasting plasma 

glucose, low-density lipoprotein cholesterol, triglycerides, and blood pressure. -23%

vadheim  
et al.39 g P Outpatient ar/Pd 84 52% achieved the 7% weight-loss goal and 78% achieved at least a 5% weight 

loss during the core program. -18%

vadheim  
et al. (tele-
health)40

g v home Pd 16 50% of telehealth participants achieved the 7% weight-loss goal. -12%

vadheim 
et al. 
(on-site)40

g P community Pd 13 46% of onsite participants achieved the 7% weight-loss goal. -11%

Seidel  
et al.41 g P community ar/Pd 88

weight loss (46.4% lost ≥5% and 26.1% lost ≥7%) was observed after comple-
tion of the intervention. Of these subjects, 87.5% (n=28) and 66.7% (n=12) 
sustained the 5% and 7% reduction, respectively, at the 6-month reassess-
ment.

n/a

Findings (continued)



—13—

The Effectiveness of Diabetes Prevention Programs in Community Settings

conducted by Saremi et al. (2012), evaluating pioglitazone, and by buchanan et al. (2002),54 

evaluating troglitazone—both types of thiazolidinediones—had the largest reduction in risk of 
developing diabetes among all rcTs (-21 and -22%, respectively), similar to the studies with 
the largest risk reduction in the full lifestyle interventions. The remaining rcTs had estimates 
of risk reduction that were between -12% and 4%. On average, the effectiveness of the 
pharmacological interventions was less than the effectiveness of the full lifestyle interventions 
using the statistical analysis for comparing rrr. This finding is consistent with the nIh-dPP 
finding showing greater reductions in the risk for developing diabetes from diet and exercise 
interventions than from using the drug metformin. 

Other modifications of the nIh-dPP, including reduced intervention sessions and virtual 
interventions, have promising but limited evidence. Lifestyle interventions with different 
numbers of intervention sessions have been reported in literature, ranging from 16 sessions 
in the nIh-dPP to 4 or 6 sessions.20, 23–25,29–30 a few studies showed that lifestyle interventions 
with fewer sessions than the nIh-dPP were effective. For example, the group Lifestyle balance 
program, a 12-session group-based lifestyle intervention with the same goals for weight loss 
and physical activity as the nIh-dPP, helped participants achieve the weight-loss goal and 
improve fasting glucose levels in both rcT20 and non-rcT studies.37, 38,41 another small-sized 
pilot study showed that a 6-week church-based prevention program resulted in participants 
decreasing fasting glucose levels and weight, similar to results from a 16-week intervention.36

Information technology-assisted approaches may be an alternative way to deliver diabetes 
prevention programs. Tate, Jackvony, and wing’s (2005) study suggested that an Internet 
behavioral program (e-counseling) may offer an alternative to more burdensome clinic-based 
programs and can be used for longer periods.22 Ma et al. (2013) demonstrated that their 
diabetes prevention program delivered via dvds was as effective as in-person programs.20 
however, the degree to which these virtual interventions can substitute for or complement 
standard diabetes prevention programs requires additional study.

Findings (continued)
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TabLe 3: Studies with Interventions that Focused on healthy diet Only  
or Physical  activity Only but not combination of both

Study Quality 
Score

group  
(g)  

or individual 
(I)

Personal  
(P)  

or virtual  
(v)

Main setting
Prediabetes  

(Pd)  
or at risk  

(ar)

Sample  
size Findings

relative  
risk reduction  

(rrr)

r c T S

cole  
et al.42 6 g P Outpatient Pd 94

The nutrition-based shared medical 
appointment (SMa) and control 
participants lost a mean of 6.6 and  
3.6 lbs., respectively; neither group met 
the 5% modest weight loss expected. 
The SMa and control group experienced 
a mean drop in fasting blood glucose of 
6 mg/dL.

-29%
(12% compared  

to control)

Morey  
et al.43 7 I P/v home Pd 302

both groups had small declines  
over time of approximately 6% in 
fasting blood glucose, but there were 
no significant differences between  
the physical activity counseling and 
control groups over time for any  
of the glycemic indicators.

n/a

roberts  
et al.44 6 g P University ar 36

12 weeks of resistance exercise 
training increased Shbg (p=0.01) and 
decreased FaI (p<0.05) and cortisol 
(p<0.05) compared to control group.

n/a

n O n - r c T S T U dy

Swartz  
et al.45 n/a I v home ar 18

during the intervention period, the 
participants increased their accumu-
lated steps/day by 85% to 9,213, which 
resulted in beneficial changes in 2-hour 
post-load glucose levels (p<0.001), 
aUc glucose (p=0.025), systolic blood 
pressure (p<0.001), and diastolic blood 
pressure (p=0.002)

-6%

note: Quality score is based on the criteria established by ahrQ for evaluating quality in rcTs (see Methodology Overview).  
a point is given based on each of the criteria for measuring quality and strength of evidence with 7 being the highest score.

Findings (continued)

whaT are The cOSTS OF cOMMUnITy-baSed dIabeTeS PrevenTIOn PrOgraMS?

The costs of the community-based prevention programs in this synthesis are largely 
unknown. when information on costs was reported, the studies did not follow any specific 
guidelines to gather and document complete and relevant cost information. One study of the 
yMca model estimated that the costs for supplies, personnel, and administration during 
the first year of the program to be approximately $275–$375 per participant.46 This cost 
is far less than the $1,400 participant cost of the nIh-dPP, yet funds to start up, evaluate, 
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market, spread, and sustain community-based programs are not readily available. Startup 
costs for the national diabetes Prevention Program, for example, have typically to date been 
supported by public and private funders in replication efforts across the country. The large-
scale yMca implementation of the nIh-dPP has made some progress in securing health care 
reimbursements in various regions of the country. In new york, for example, a handful of 
commercial insurers, self-insured employers, and a Medicare advantage plan have signed on 
to reimburse for national diabetes Prevention Program participation, and efforts to establish 
further reimbursement are underway.

although the costs of prevention efforts are not nominal and the complexity of raising consumer 
demand and participation in these programs should not to be understated, the costs are 
likely far less than the health care spending resulting from treatment of diabetes. In 2012, 
researchers from cdc estimated that a nationwide community-based lifestyle program like  
the national diabetes Prevention Program could save $5.7 billion over 25 years.47

Similarly, information on the cost-effectiveness of community-based models for diabetes 
prevention programs has not been sufficiently studied. another challenge to sustainable 
funding models is that the organization or insurer which invests up front in diabetes 
prevention often differs from the payer who stands to accrue savings in health care costs 
years later. developing a more solid basis of evidence on program costs and the cost 
implications of programs should be an additional focus of future studies.

whaT are The LIMITaTIOnS and gaPS OF The exISTIng LITeraTUre FOr 
dIabeTeS PrevenTIOn PrOgraMS?

Many studies have a small sample size and suffer from attrition. The existing diabetes 
prevention program studies tend to have small sample sizes (as small as eight) that decrease 
the statistical power of the studies to detect meaningful impact of their diabetes prevention 
programs. This issue is further complicated by the high attrition rate among participants over 
the study period. Many studies reported having participants complete the entire program, 
but finding that follow-up was challenging. as a result, studies with a small sample size 
usually indicated that they were underpowered to detect meaningful difference for their major 
outcome measures.

The majority of community-based diabetes prevention programs restricted enrollment to 
people with prediabetes, so little is known about the effect of the interventions with at-risk 
populations. Investigators may have made this choice because (1) people with prediabetes 
are proven to be at very high risk of developing diabetes and (2) the nIh-dPP already 
demonstrated convincing evidence that lifestyle interventions work for this population. This 
leaves us very limited evidence to understand whether lifestyle interventions will benefit at-
risk persons to the same degree.

Findings (continued)
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all studies use self-reported measures of diet and physical activity. Participants may 
underreport their food intake, record better food choices than were actually consumed, 
or overstate their level of physical activity. research from both the psychology and health 
literature finds that study participants tend to underreport inappropriate behaviors and 
overreport appropriate behaviors.48,49 Self-reporting bias may also occur because of recall 
errors (e.g., participants forgot what they ate the previous day or how much they exercised 
the previous week). Misstating diet choices and exercise levels can influence the outcome 
measures and make the interventions look less effective. 

The studies in this review failed to provide detailed information on their communities’ 
characteristics and how to implement the program in a community. detailed descriptions 
are critical for replicating successful experiences in different community settings. The re-aIM 
(reach, effectiveness, adoption, Implementation, Maintenance) model provides a framework 
for what kind of details should be included in future evaluative studies of diabetes prevention 
programs.50 according to the re-aIM model, efficacy is required for programs to have public 
health impact. In addition, programs must also be able to reach a diverse sample representative 
of the population at risk. They must be made appealing to health care providers or community 
leaders and must be practical and realistic for adoption in specific practice or community 
settings. Programs must be able to be implemented as intended. Finally, programs must be 
sustainable, both by individual participants and in the clinical or community setting. These 
dimensions, involving both individual and organizational factors, interact to determine the overall 
population-based impact of a program. detailed description of how these factors were addressed 
in a specific diabetes prevention program can help others learn how they might adapt and 
implement such programs in their own settings (See appendix II for more details). 

Findings (continued)
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Conclusions

Keeping in mind the overall strength of the evidence and the limitations in  
current research, we are able to conclude with some degree of confidence:

Lifestyle interventions can work well outside of a research setting.  
Lifestyle interventions designed to reduce risk of developing diabetes can  
be successfully implemented in community settings. all lifestyle studies  

we identified implemented diabetes prevention programs in various community settings. 
Those community settings include primary care facilities, yMcas, churches, homes,  
and neighborhoods. although these studies had different degrees of success in improving 
related health outcomes, successful examples of translating the nIh-dPP into a community-
based intervention exist.20,21 

The nIh-dPP lifestyle intervention can be modified into a group-based intervention for 
community settings. almost the entire body of literature on community-based diabetes 
prevention programs used group-based lifestyle interventions. The primary reason was to 
make the intervention less resource intensive so it becomes easier for communities with 
modest resource to adopt the intervention. Several rcTs and non-rcT studies with large 
sample sizes have demonstrated the effectiveness of group-based lifestyle interventions with 
varying degrees of success.20,21,23

Standardization of study designs and outcome measures would improve the ability to 
identify successful community-based programs. One of the challenges of comparing studies 
of diabetes prevention programs is that they vary in design, intervention, setting, eligibility 
criteria, duration, and health outcomes studied. This synthesis reveals the need for standards 
for describing eligibility, interventions, and outcome results to allow comparisons of different 
diabetes prevention programs. without uniform outcome measures, making comparisons 
across studies is challenging. These studies also lack the most important and direct outcome 
measure for evaluating the effectiveness of diabetes prevention programs: reduction in risk 
of developing diabetes.

an effort must be made to include more minority participants in diabetes prevention 
programs to identify successful interventions for these at-risk populations. Minority 
populations are overrepresented in the population at risk for diabetes but underrepresented 
in studies of diabetes prevention programs. we need to identify best practices for how to 
identify, recruit, enroll, and retain minority populations in community-based prevention 
programs. Once minority populations are included in studies of prevention programs, 
researchers can study whether the same interventions that are successful in the majority 
population are similarly successful with minorities and how to effectively tailor programs for 
different populations.  



—18—

The Effectiveness of Diabetes Prevention Programs in Community Settings

Conclusions (continued)

IMPLIcaTIOnS FOr POLIcyMakerS

we found that programs based on the nIh-dPP have been successfully implemented in groups 
and in community settings among individuals with prediabetes. In this synthesis, studies  
which adhered most closely to the nIh-dPP standards were generally the most effective, but 
this recommendation limits the reach of diabetes prevention. This synthesis identified specific 
elements of novel community-based diabetes prevention programs, such as alternative 
scheduling and virtual delivery of programming, that might reduce the costs of future programs 
and expand the reach of interventions while maintaining the success of the interventions. This 
synthesis also found very few programs that focus on people at risk for diabetes but without  
a formal laboratory-based diagnosis of prediabetes. Simplifying the screening process for 
program enrollment would vastly expand the pool of people who could benefit. however, current 
evidence for each of these elements is limited. In addition to further research on alternative 
approaches to diabetes prevention, there is a critical need for standardization of baseline and 
outcome definitions in future evaluations to compare different approaches to community-based 
prevention efforts. Future studies could include, at minimum, outcome measures such as 
changes in weight, hba1c, blood pressure, and cholesterol. 

an important next step for the public health research community is to build upon the elements 
of programs identified in this synthesis. communities would benefit tremendously if a menu 
of prevention program options that are grounded in evidence and could be adapted to fit the 
community context were available. communities can leverage the assets and resources they 
currently have to build culturally tailored programs that work for their residents.

Policymakers and other stakeholders can contribute to diabetes prevention efforts by improving 
the evidence base to identify effective community-based interventions in  
the following ways:

1   Support larger studies with sufficient power to determine whether weight loss and diabetes 
prevention are achievable in community settings, as they were in the original rigorously 
conducted rcTs.

2   Support studies to identify the most effective recruitment channels and methods to reach 
populations at high risk for developing diabetes and especially the most vulnerable. as our 
review reveals, more data are needed for males and minority populations.

3   Provide additional resources for post-intervention monitoring to assess whether there are 
long-term positive effects of diabetes prevention programs on population health.
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4    Support more formal studies to gather accurate data on participants’ dietary and exercise 
habits for unbiased evaluation of interventions. 

5    draw from the growing body of research on community-based diabetes prevention to 
determine what elements of prevention programs work best. Such information would be 
useful in developing models that communities can adapt to their own settings and available 
resources.

6    Support studies that thoroughly document details of operating a diabetes prevention 
program. The re-aIM model provides a framework for what details should be specified in 
future evaluative studies of diabetes prevention programs (see appendix II). 

Conclusions (continued)
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ScOPe OF The SySTeMaTIc revIew

To conduct this synthesis report, we defined a diabetes prevention program as  
an intervention for adult participants who are at risk for diabetes or diagnosed with 
prediabetes only. we defined at risk for diabetes to mean an individual who is  

overweight or obese and has at least one other modifiable risk factor for developing diabetes. 
These risk factors are listed in Table I-1. we defined prediabetes to mean individuals with 
glucose levels that are consistent with impaired fasting glucose (100–125 mg/dL) or impaired 
glucose intolerance (140–199 mg/dL, 2 hours after a 75-gram oral glucose tolerance test).  
This synthesis is limited to U.S. studies of adults at least 18 years of age.

TabLe I-1: risk factors for diabetes

MOdIFIabLe rISk FacTOrS nOnMOdIFIabLe rISk FacTOrS

OverweIghT/ObeSITy
bMI 18.5–24.9 normal

bMI 25–29.9 Overweight
bMI 30+ Obese

hIgh bLOOd gLUcOSe (FaSTIng)
healthy under 100

Prediabetes 100–125
diabetes 125+

hyPerTenSIOn

abnOrMaL LIPId MeTabOLISM IF
LdL >100mg/dL

hdL <40mg/dL (men), <50mg/dL (women) 
Triglycerides >150mg/dL

InFLaMMaTIOn and hyPercOagULaTIOn  
IF hs-crP LeveLS are

Low risk <1mg/L
average risk -3 mg/L

high risk >3mg/L

PhySIcaL InacTIvITy

SMOkIng

age
65+ at higher risk

race/eThnIcITy
blacks, Mexican-americans,  

american Indians, and  
native hawaiians at higher risk

gender
Men at higher risk

women post-menopause  
at higher risk

FaMILy hISTOry

we conducted a comprehensive and systematic search using multiple electronic databases 
(MedLIne, PubMed, clinicalTrials.gov, embase, Psycnet, cochrane Library, acP Journal 
club, and cInahL) for evaluation studies of interventions published between January 1, 2002, 
and July 31, 2013. The search was undertaken using medical subject headings and keywords 

Appendix I: Methodology
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Appendix I: Methodology (continued)

related to diabetes and its risk factors (see Table I-2). we supplemented the search with a 
manual search of the past two years of issues from selected journals with a high likelihood 
of publishing evaluations of diabetes prevention programs (e.g., diabetes care, diabetes 
educator). The manual search also included an examination of reference lists from initially 
identified studies and recent review articles on the topics of diabetes prevention and outcomes 
evaluation to identify qualified articles.

TabLe I-2: Search terms

pre-diabet* Or pre diabet* Or prediabet* Or glucose intoleran* Or impaired fasting glucose Or 
impaired fasting blood glucose Or impaired fasting glycemia Or impaired glucose toleran* Or impaired 
glucose metab* Or IgT Or insulin resistan* Or metabolic syndrome

obes* Or overweight Or over weight Or adipos* Or abdominal fat Or waist-hip ratio Or waist hip ratio

advanced age Or elderly Or senior citizen* Or old* Or male Or men Or african americans Or 
hispanic americans Or Latino Or asian americans Or Indian Or Indian american Or native american 
Or Pacific Islander Or african continental ancestry group Or american native continental ancestry 
group Or asian continental ancestry group Or oceanic ancestry Or sedent* Or low physical activity 
Or low activity Or smok* Or tobacco Or nicotine Or alcohol Or alcohol drinking Or alcohol abuse Or 
alcohol* Or drink* Or drunk* Or intoxicat* Or hypertension Or high blood pressure Or elevated blood 
pressure Or dyslipid* Or hyperlipid* Or triglyceride* Or cholesterol Or LdL Or hypertriglycerid* Or 
high triglyceride* Or hdL Or low hdL Or inflamm* Or hypercoag* Or proinflamm* Or prothromb* Or 
pro inflamm* Or pro thromb* Or family Or family history Or PcOS Or PcOd Or poly cystic ovar* Or 
polycystic ovar* Or poly-cystic ovar* Or gestation* diabet* Or gestation* diabet* mellitus Or gdM Or 
diabet* in pregn* Or macrosom* Or large for gestational age Or excessive birth weight Or Lga

diabetes mellitus Type 2 Or Type 2 diabet* Or type II diabet Or non insulin depend* Or noninsulin 
depend* Or niddm Or adult onset diabet* Or matur$ onset diabet* Or slow onset diabet* Or MOdy Or 
T2dM Or stable onset diabet*

In this synthesis, we primarily focused on lifestyle-related studies in the literature. we included 
both rcTs and non-rcT studies in our discussion for two reasons. First, although rcTs are 
considered the gold standard in study design and rank high in a hierarchical pyramid of 
evidence (that is, rcTs have high internal validity), they usually suffer from their low external 
validity, or the ability to replicate findings in real-world settings. non-rcT studies, on the 
other hand, offer high external validity because they are conducted in real-world settings. 
Second, many translational diabetes prevention studies used pre-post study designs without 
control groups because the nIh-dPP trial had already established the evidence that lifestyle 
intervention participants benefited from the program.

To address the heterogeneity of study outcomes, we calculated the change in the risk of 
developing diabetes for each study. To do this, we used a prediction model for the risk of 
developing diabetes over the next 7.5 years.19 The model includes multiple input variables, 
namely sex, Mexican-american ethnicity, fasting glucose, systolic blood pressure, high-density 
lipoprotein cholesterol level, body mass index (bMI), and family history. In cases in which 
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variables were missing from a study, data from the 2011–2012 national health and nutrition 
examination Survey (nhaneS) database were used to impute values from a population that  
was representative of the study population in terms of sex, age, and race and ethnicity.

we compared the studies by their estimated relative risk reduction. bivariate analyses 
were conducted to examine associations between the estimated relative risk reduction and 
characteristics of the diabetes prevention intervention (e.g., group sessions vs. individual 
sessions, personal vs. virtual delivery of the intervention, community vs. noncommunity 
setting, prediabetes vs. at-risk participants). we identified a diabetes prevention program as 
community-based when it was implemented in settings such as community health centers, 
churches, yMcas, schools, and homes. an intervention was considered virtual when personal, 
face-to-face interaction did not take place during the intervention phase. This category  
includes computer-based and telephonic interventions.

Two team members independently determined the relevance of identified studies and  
used a standardized form to extract data on study design, population characteristics, setting, 
intervention type, and reported outcomes from each study. when discrepancies existed,  
they were discussed and resolved by the research team until the data extraction was 
completed. To assess study quality and overall strength of evidence, we adopted the evaluation 
criteria from west et al. (2002).18 The criteria include study design and domains in study 
question, study population, randomization, exposure or intervention, outcomes, statistical 
analysis, results, discussion, and funding and sponsorship.

eSTIMaTIOn OF rISk OF deveLOPIng dIabeTeS

One of the larger challenges of this literature review is that studies either reported on  
different primary outcomes or reported on the same primary outcome with variability  
(e.g., reported percentage of body weight, bMI, percentage of participants who met weight loss-
goal, kilograms for weight loss). In addition, many studies did not report standard deviations  
for their primary outcomes. The heterogeneity in reported outcomes of the studies makes  
the comparison of interventions challenging. Instead of using a meta-analysis, we adopted  
a multivariate prediction model of diabetes risk to address this problem.

Stern and his colleagues developed a multivariate prediction model to better identify high-risk 
individuals for diabetes.19 They conducted a prospective cohort study and randomly selected 
1,791 Mexican-americans and 1,112 non-hispanic whites without diabetes at baseline to 
participate in the study. based on their data, they identified a risk prediction model for diabetes 
risk as follows:

p = 1/(1 + e-x), where x = -13.415 + 0.028(age) + 0.661(sex) + 0.412(Ma) + 0.079(Fg) + 0.018(SbP) - 
0.039(hdL) + 0.070(bMI) + 0.481(family history). In this equation, p = the probability of developing 

Appendix I: Methodology (continued)
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diabetes over the 7.5-year follow-up period; age is in years; sex = 1 if female, 0 if male; Ma = 1  
if Mexican-american, 0 if non-hispanic white; Fg = fasting glucose in mg/dL; SbP = systolic blood 
pressure in mm hg; hdL = high-density lipoprotein cholesterol level in mg/dL; bMI = body mass 
index in kg/m2; and family history = 1 if at least one parent or sibling has diabetes or 0 if not.

MeThOdOLOgy OF IdenTIFyIng eSTIMaTed vaLUeS FOr MISSIng InFOrMaTIOn

Of the studies evaluated, few reported mean values for every covariate in the Stern diabetes risk 
model. In these instances, nationally representative survey data from the 2011–2012 nhaneS 
were used to impute the missing values. First, mean values for the covariates were calculated 
from nhaneS data stratified by gender and race/ethnicity categories (non-hispanic white, non-
hispanic black, hispanic of any race, and other) within the age range of the study, where the age 
range was defined as the mean age, plus and minus one standard deviation. Then, we calculated 
a weighted average covariate value based on the study population’s gender and race/ethnicity. 
where distribution by gender and/or race/ethnicity was not reported by the study, the nhaneS 
database was used to impute values from a population that was representative of the study 
population in terms of sex, age, and race and ethnicity. while most of the Stern covariates  
were equivalent to values reported in the nhaneS dataset, two covariates used questions  
that were merely similar. The proportion of the study population that was Mexican-american  
was approximated by hispanic ethnicity. Family history was approximated by the question,  
“have you ever been told by a doctor or other health professional that you have health conditions 
or a medical or family history that increases your risk for diabetes?”

LIMITaTIOnS OF SynTheTIc anaLySIS

In this analysis, the results of multiple studies were synthesized using a peer-reviewed 
prediction model of diabetes incidence. despite the beneficial characteristics of this model,  
it does have a number of limitations. The major limitations of using this predictive model in  
our risk estimation include: (1) race and ethnicity could be categorized as Mexican-american 
or non-hispanic white only; therefore, the use of the model would be insensitive to other races/
ethnicities (e.g., black, asian, native american, Puerto rican, cuban) and (2) the model  
does not include all outcome measures found in all studies. For example, if a study’s diabetes 
prevention program only increased physical activity among its participants but not other 
variables included in the model, the pre- and post-risk estimates of this program based  
on the predictive model would not differ. every predictive model has its own methodological 
assumptions and limitations. The estimated risk obtained from this model should  
be interpreted in perspective and in conjunction with the originally reported outcomes.

Appendix I: Methodology (continued)
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Appendix II: re-aIM Model

The re-aIM (reach, effectiveness, adoption, Implementation, Maintenance) model 
provides a framework for what details should be specified in future evaluative studies  
of diabetes prevention programs.

1   reach: answers to how to reach a diverse sample representative of the population at risk 
will address the aforementioned issue of skewed study populations in existing literature.  
It is still unknown what the best strategies are to promote an efficacious prevention 
program to populations at risk and to recruit and retain participants.

2   eFFIcacy: The nIh-dPP has provided solid proof that lifestyle intervention is efficacious  
in reducing incidence of diabetes through healthy diet, weight loss, and moderate physical 
activity in a highly controlled setting. For a translational diabetes prevention program 
modeled after the nIh-dPP lifestyle intervention, complete information on the contents 
of the program will not only help others to replicate the program, but also enable easy 
comparisons with other similar programs for evaluation.

3   adOPTIOn: If a program is easy to implement and can demonstrate its benefits outweigh 
its costs, it will be appealing to health care providers and policymakers and realistic to 
adopt in specific practice settings. The existing literature provides very limited information 
on costs of intervention, not to mention the apparent lack of cost-effectiveness or cost-
benefit analyses for insurers that will potentially reimburse the program. complete 
evaluations of both short-term and long-term financial impact of implementing a program 
are also important for the program’s initiation and sustainability. we also don’t know the 
comparative effectiveness of implementing a diabetes prevention program in communities 
with limited access to healthy food or places for physical activity.

4   IMPLeMenTaTIOn and MaInTenance: very few studies detailed how the infrastructure for 
the implementation of their interventions was established or what the procedure for the 
implementation was. any individual- or community-level intervention is a collaborative 
effort. For example, a diabetes prevention program conducted in a church, yMca, or a clinic 
setting (whether delivered 1:1 or via groups) requires successful collaboration of program 
leaders, host site leaders and stakeholders, and program participants. establishing a 
strong partnership within a community is crucial to the future success and sustainability 
of any program implemented. Implementation science teaches us how to disseminate, 
implement, and assess sustainability of health interventions in real-world settings with 
diverse patient populations.50–55 More research should be done using implementation 
science tools to evaluate the extent to which implementing diabetes prevention is effective 
in specific settings, prolongs sustainability, and promotes dissemination into other settings.
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Appendix III: 
Summary of Studies with Full Lifestyle Intervention

authors Study  
design

Type of 
intervention Intervention/follow-up Setting Sample Findings

Tate et al.22 rcT e-counseling  
vs. control

1-hour introductory group 
weight-loss session, followed 
by Internet weight-loss 
program plus behavioral 
e-counseling for 1 year. 
Participants seen at baseline, 
3, 6, and 12 months.

Intervention 
recommendations: 1200–1500 
kcal/d; fat intake  
of 20% or fewer calories;  
a minimum of 1000 kcal/wk  
of physical activity.

home

92 prediabetes subjects 
(46 in intervention, 7 lost 
to follow-up; 46 in control, 
8 lost to follow-up).

89–91% female; 89% 
white; mean age (Sd)  
48.5 (9.4).

control: weight change 
89.4kg to 87.1kg; treatment: 
86.2kg to 80.9kg (p=0.04).

Ma et al.20 rcT

coach-led group  
intervention vs. 
home-based 
dvd intervention 
vs. control

3-month intensive 
intervention phase (face-to-
face in 12 weekly classes 
to diabetes prevention-led 
intervention participants or 
via a home-based dvd to 
self-directed intervention 
participants), and a 12-month 
maintenance phase via 
e-mails.

Primary  
care;  
home

241 prediabetes subjects 
(a diabetes prevention-
led, group-delivered 
intervention (n=79),  
a self-directed dvd 
intervention (n=81), or 
usual care (n=81)).  
6–7 participants lost to  
follow-up in each group.
47% female; 78% white; 
Mean age (Sd) 52.9 (10.6).      

bMI decrease from baseline 
in the diabetes prevention-led 
group vs. that in the usual 
care group (-2.2 vs. -0.9, 
P<0.001) and that in the self-
directed group vs. usual care 
(-1.6 vs. -0.9, P=0.02). The 
percentages of participants 
who achieved the 7% 
dPP-based weight-loss 
goal were 37.0% (P=0.003) 
and 35.9% (P=0.004) in the 
diabetes prevention-led 
and self-directed groups, 
respectively, vs. 14.4% in 
the usual care group. both 
interventions also achieved 
greater net improvements 
in waist circumference and 
fasting plasma glucose level.

Ockene et al.27 rcT

community-
based, literacy-
sensitive,  
and culturally 
tailored lifestyle 
intervention 
($661 per 
person) vs. 
control

3 individual and 13 group 
sessions over a 12-month 
period. The duration of  
the first group session was  
1.5 hours and the remaining 
were 1 hour. The first 
individual visit was 1 hour  
and the last 2 were 30 
minutes each. Follow-up  
for 1 year.

Intervention aimed to  
promote positive attitudes 
toward dietary and physical 
activity changes.

community

312 low-income, Latino, 
high-risk subjects; 162 in 
intervention, 150 control. 
6.8% and 4.7% dropped 
out of intervention and 
control group.

74% female; 100% Latino; 
mean age 52.

compared with the control 
group, the intervention  
group had significant  
weight reduction (-2.5 vs.  
0.63 lb; P=.04), reduction  
in hemoglobin a1c (-0.10% 
vs. -0.04%; P=0.009), insulin 
resistance improvement, 
and greater reductions in 
percentage of calories from 
total and saturated fat.

no significant difference  
in physical activity or  
fasting blood glucose 
between the two groups.

continued 
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authors Study  
design

Type of 
intervention Intervention/follow-up Setting Sample Findings

ackermann  
et al.23 rcT

dePLOy pilot 
study. group-
based dPP  
intervention  
in yMca vs. 
control

16 classroom-style meetings 
(intervention) or standard 
advice alone (controls). 
6-month and 12-month 
follow-ups.

2 yMcas

92 high-risk subjects 
(46 per group), 15% of 
intervention and 17% of 
control loss to follow-up 
after 6 months; 37%  
and 28% loss to follow-up 
after 12 months.

55% female; 81% white; 
mean age 58.3.

at 6 months, body 
weight decreased by 
6.0% (95% cI 4.7, 7.3) in 
intervention participants 
and 2.0% (95% cI 0.6, 
3.3) in controls (p<0.001; 
difference between groups). 
Intervention participants 
also had greater changes  
in total cholesterol (–22 mg/
dL vs. 6 mg/dL controls; 
p<0.001). These differences 
were sustained after  
12 months.

ackermann  
et al.24

based on  
the original rcT 
structure

an extension 
study to  
the dePLOy 
pilot study

8-month lifestyle 
maintenance intervention. 2 yMcas

66 high-risk subjects 
from original dePLOy 
participants.

at 28 months, after both 
arms were offered the 
same 8-month lifestyle 
maintenance intervention, 
both arms had statistically 
significant weight losses 
compared to baseline  
(brief advice controls: 3.6%; 
95% cI: 5.8 to 1.4; intensive 
lifestyle: 6.0%; 95% cI:  
8.8 to 3.2). Participants  
initially assigned to the  
dPP also experienced 
significant improvements  
in blood pressure and  
total cholesterol.

katula et al.21 rcT

community-
based,  
group-based  
translational 
dPP

healthy Living Partnerships  
to Prevent diabetes  
(heLP Pd) Project: 
community-based translation 
of the dPP (weekly intensive 
sessions for 6 months), 
12-month follow-up.

community

301 prediabetes subjects 
(151 in intervention;  
150 in usual care).

57.5% female; 74% white; 
mean age 57.9.

at the end of 12 months, 
compared with usual care 
participants, intervention 
participants experienced 
significantly greater 
decreases in blood 
glucose (-4.3 vs. -0.4 mg/
dL; P<0.001), insulin (-6.5 
vs. -2.7 µU/mL; P<0.001), 
homeostasis model 
assessment of insulin 
resistance (-1.9 vs. -0.8; 
P<0.001), weight (7.1 vs. 1.4 
kg; P<0.001), bMI (2.1 vs. 
0.3 kg/m2; P<0.001), and 
waist circumference (-5.9 
vs. -0.8 cm; P<0.001).

continued 
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Type of 
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Liao et al.26 rcT Lifestyle

6-month intervention; 
Treatment group: american 
heart association (aha) step 
2 diet (30% of total calories 
as fat, 7% saturated fat, 
55% carbohydrate, and 200 
mg cholesterol daily) plus 
endurance exercise for 1 
hour three times a week; 
control group: aha step 1 
diet (30% of total calories as 
fat, 10% saturated fat, 50% 
carbohydrate, and 300 mg 
cholesterol) plus stretching 
exercise three times a week; 
6- and 24-month follow-up.

Primary  
care

64 prediabetes,  
Japanese-americans  
(32 treatment; 32 control).
55% female; mean age 54.

The treatment group 
showed significantly greater 
reduction in percent of 
body fat (-1.4±0.4% vs. 
-0.3±0.3%); bMI (-1.1±0.2 
vs. -0.4±0.1 kg/m^2); 
subcutaneous fat by 
computed tomography at 
the abdomen (-29.3±4.2 
vs. -5.7±5.9 cm^2), thigh 
(-13.2±3.6 vs. -3.6±3.0 
cm^2), and thorax 
(-19.6±3.6 vs. -8.9±2.6 
cm^2); and skinfold 
thickness at the bicep 
(-2.0±0.6 vs. 1.1±0.6 mm) 
and triceps (-3.7±0.8 
vs. -0.9±0.6 mm), which 
continued despite moving  
to home-based exercise  
for the last 18 months.

Parikh et al.25 rcT

a peer-led, 
community-
based lifestyle 
intervention 
that focuses 
on enhancing 
participants’ 
self-efficacy to 
make lifestyle 
changes.

Project heed: a workshop 
consisting of eight 1.5-hour 
sessions over 10 weeks. 3-, 
6-, and 12-month follow-up.

community

99 prediabetes subjects 
(50 in intervention; 49 in 
control). 35 in intervention 
and 37 in control remained 
at 12 months.
85% female; 89% 
hispanic; mean age 48.

The intervention group lost 
significantly more weight 
than the control group  
and maintained weight loss 
at 12 months (7.2 vs. 2.4 
pounds; P<0.01). Limited 
behavioral changes from 
both groups. no changes 
in fat intake and physical 
activity.

whittemore  
et al.28 cluster rcT

Lifestyle change  
program vs. 
enhanced 
standard care 
program

Lifestyle change program 
modeled after nIh-dPP 
included 6 in-person sessions 
and 5 phone sessions over  
6 months. enhanced standard 
care program included  
1 in-person session  
and 1 nutrition session. 
6-month follow-up.

4 nP  
primary  
care  
practice  
sites

58 at-risk subjects  
(31 in intervention;  
27 in control).  
24 completed the 
intervention.
92% female; 45% white.

25% of lifestyle participants 
met treatment goals of  
5% weight loss compared  
with 11% of standard care 
participants at 6 months.  
no significant difference was 
observed in other clinical 
outcomes from baseline 
between the two groups.

almeida et al.32
Matched cohort 
longitudinal 
study

Single-session,  
theory-based, 
brief, small-
group weight- 
loss intervention

a single 90-minute, small-
group session in personal 
action planning for healthful 
eating, physical activity,  
and weight management.  
12 month follow-up.

health care 
organization

760 prediabetes subjects 
with 760 matched 
controls.
52.6% female; mean  
age (Sd) 62.5 (10.4).

a significantly higher 
proportion of small-group 
participants lost at least 
5% of their body weight 
compared with controls  
(22% vs. 15%, P=0.001).

continued 
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vadheim et al.40 Pre-post, two  
groups

adapted group-
based  
dPP via 
telehealth video

16 weekly group-based  
core sessions followed by  
6 monthly after-core sessions 
via on-site or participating  
via telehealth video 
conferencing (telehealth).

Participants set targets to 
reduce fat intake and increase 
physical activity (at least 150 
minutes per week) to achieve 
a weight-loss goal of 7%.

health  
care facility 
vs. virtual

13 high-risk subjects 
on-site (100% completed); 
16 telehealth (88% (n=14) 
completed).

69% female in on-site 
group; 93% female in 
telehealth group; mean 
age 53 for on-site group, 
50 for telehealth group.

More than 45% of on-site 
and telehealth participants 
achieved the 7% weight-
loss goal. no significant 
differences between groups.

kramer et al.38 Pre-post

community-
based, group 
Lifestyle balance 
(gLb) program 
delivered 
by diabetes 
educators ($320 
per person)

a 12-session group lifestyle 
intervention adapted from 
the dPP lifestyle intervention 
with the same goals for 
weight loss and physical 
activity as the dPP, including 
achievement of a weight  
loss of 7% from starting 
weight and an increase 
in physical activity to 150 
minutes per week.

3 community 
health 
centers 
(rural, 
suburban, 
urban)

81 prediabetes subjects.

88% female; 96% white; 
mean age 53.

Significant decreases  
were noted in weight 
(-5.1%, p<0.001), fasting 
plasma glucose, low-density 
lipoprotein cholesterol 
(p=0.001), triglycerides 
(p<0.001), and blood pressure 
(p<0.001).

kramer et al.37 Pre-post, two  
groups

group Lifestyle 
balance  
(gLb) program 
delivered  
via dvd

a 12-session group lifestyle 
intervention adapted from 
the dPP lifestyle intervention 
with the same goals for 
weight loss and physical 
activity as the dPP, including 
achievement of a weight loss 
of 7% from starting weight 
and an increase in physical 
activity to 150 minutes per 
week. Pre- and 3-month post-
intervention measures were 
assessed.

virtual

48 prediabetes subjects 
(22 gLb-dvd with 36% 
loss to follow-up;  
26 gLb-group with 8.7% 
loss to follow-up). The 
intent was not to compare 
these two groups.

71% female; 83% white; 
mean age 59.7.

Significant physical activities 
increase and weight loss 
were observed in both 
groups. gLb-dvd with 
remote support may provide 
an effective alternative for 
gLb-group delivery.

Swanson et al.30 Pre-post

diet-exercise-
activity-Lifestyle 
(deaL) program  
(In 2009, 
$2,566 per 
non-Medicare 
patient, $1,169 
per Medicare 
patient)

Four 2-hour weekly group 
classes on nutrition and 
an individualized exercise 
counseling through  
a physical therapy 
assessment; 6- and  
12-month follow-up, 
metformin after 6 month  
if necessary.

Primary  
care

221 prediabetes  
subjects

67% female; 88% white; 
mean age 62.

by 6 months after baseline, 
59% had significantly lower 
fasting glucose concentra-
tions, 59% had improvement 
in 2-hour glucose levels, and 
61% had weight loss. nearly 
40% were nonresponders 
and had increased fasting 
glucose, 2-hour glucose, 
and weight. by the 12-month 
visit, significant declines in 
fasting glucose (P<0.001), 
2-hour glucose (P<0.001), 
and weight (P =0.008) oc-
curred in comparison with 
baseline values; however, no 
significant changes occurred 
in these measures between 
the 6- and 12-month visits 
(P>0.30 for all).

continued 
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boltri  
et al.35 Pre-post

church-based 
translational 
dPP

16-session translational 
dPP over 4 months; group 
interactive process and 
including prayer. 6- and 
12-months post-intervention 
follow-up.

1 church
8 prediabetes subjects.

58% female; 100% black; 
mean age 52.

Following the intervention, 
weight, systolic and diastolic 
bP, and Fg decreased by 7.5 
lb (3.6%), 16 mm hg (11.7%), 
12 mm hg (14.0%), and 5 mg/
dL (4.8%), respectively (P < 
0.05).

boltri  
et al.36

Pre-post, two 
groups

church-based 
translational 
dPP ($934/
church  
for 6-week 
program; $1,075 
per church 
for 16-week 
program)

6-session and 16-session 
church-based dPPs; 6- and 
12-month follow-up.

5 churches 
(rural 
community)

37 prediabetes subjects 
(6-session (n=17); 
16-session (n=20)).

70.3% female; 100% black; 
mean age (Sd) 57.2 (9.0).

Overall, interventions were 
associated with decreased 
fasting glucose (108 to 
101.7 mg/dL; p=0.037) and 
weight loss (-1.7 kg) after 
intervention; 16-session 
intervention had similar 
results with minimum 
improvement from 6-session.

12-month follow-up results 
remained similar without 
maintenance program.

Montana 
cardiovascular 
disease and 
diabetes 
Prevention 
Program 
workgroup 
(amundson  
et al.)31

Pre-post

adapted 
group-based 
dPP lifestyle 
intervention

16 weekly group-based 
core sessions followed by 6 
monthly after-core sessions. 
Participants set targets to 
reduce fat intake and increase 
physical activity (at least 150 
minutes per week) to achieve 
a weight-loss goal of 7%.

4 health  
care 
facilities

355 adults at high risk for 
cardiovascular disease 
and diabetes. 83% (n=295) 
completed the program.

80% female; mean age 
(Sd) 53.6 (9.7).

There was a significant 
decrease among participants’ 
weight from baseline (mean 
± Sd, 99.3 ± 19.7 kg) to 
week 16 (92.6 ± 18.8 kg; 
mean difference, 6.7 ± 4.0 
kg, P < 0.001). 45% of the 
participants achieved the 
7% weight-loss goal; 70% 
achieved the physical activity 
goal of 150 minutes or more 
per week.

Montana 
cardiovascular 
disease and 
diabetes 
Prevention 
Program 
workgroup 
(vanderwood  
et al.)29

Pre-post

adapted 
group-based 
dPP lifestyle 
intervention

16 weekly group-based 
core sessions followed by 6 
monthly after-core sessions. 
Participants set targets to 
reduce fat intake and increase 
physical activity (at least 150 
minutes per week) to achieve 
a weight-loss goal of 7%.

8 health  
care 
facilities

1,003 adults at high risk 
for cardiovascular disease 
and diabetes. 81% (n=816) 
completed the core; 58% 
(n=578) completed the 
after-core.

80% female; mean age 
(Sd) 52.3 (11.6).

Of participants completing 
the core (n=816) and after-
core (n=578), 45% and 49% 
achieved the 7% weight-loss 
goal, respectively. There were 
significant improvements 
in blood pressure, fasting 
glucose, and LdL cholesterol 
among participants 
completing the intervention.

continued 
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Seidel et al.41 Pre-post

community-
based, group 
Lifestyle balance 
(gLb) program

12-week community-
based, dPP-modified gLb 
intervention, 3- and 6-month 
follow-ups. The goals of 
the intervention were to 
achieve a 7% weight loss and 
to progressively increase 
physical activity to 150 
minutes per week.

an urban, 
medically 
underserved 
community

88 subjects individuals 
with metabolic syndrome; 
69 completed 3-month 
follow-up; 50 (56.8%) 
completed 6-month 
follow-up.

84.1% female; 72.7% 
white; Mean age (Sd)  
54.0 (10.5).

weight loss (46.4% lost  
≥5% and 26.1% lost ≥7%)  
was observed after 
completion of the 
intervention. Of these 
subjects, 87.5% (n=28) and 
66.7% (n=12) sustained 
the 5% and 7% reduction, 
respectively, at the 6-month 
reassessment. additional 
improvements occurred 
in waist circumference 
(P<0.009) and blood  
pressure levels (P=0.04).

davis-Smith  
et al.34 Pre-post

Modified version 
of nIh- 
dPP lifestyle 
intervention  
($1,075: only cost 
for materials for 
this project)

6-session intervention 
modeled after nIh-dPP; 6- 
and 12-month follow-up.

1 church 
(rural 
community)

10 prediabetes subjects.

70% female; 100% black.

Mean weight loss of  
7.9 lbs and 10.6 lbs right after 
the intervention  
and after 12 months.

vadheim  
et al.39 Pre-post

group-based, 
adapted  
dPP lifestyle 
intervention 
($557 per 
participant)

16 weekly group-based 
core sessions followed by 6 
monthly after-core sessions.

Participants set targets to 
reduce fat intake and increase 
physical activity  
(at least 150 minutes per 
week) to achieve a weight-
loss goal of 7%.

health  
center  
(rural 
community)

84 at-risk subjects 
completed 16-week core 
program; 65 completed 
after-core program.

88% female; mean age 
(Sd) 50.5 (11.1)

52% achieved the 7%  
weight-loss goal and  
78% achieved at least  
a 5% weight loss during  
the core program.

Smith-ray  
et al.33 Pre-post

Lifestyle change 
program 
focusing on 
physical activity 
and dietary 
habits changes

27 diabetes prevention 
classes for 1 month

Primary  
care

298 prediabetes subjects; 
6 lost to follow-up.

62% female; mean age 62.

Participants significantly 
increased reported minutes 
of moderate (p < 0.001) 
and vigorous (p = 0.028) 
physical activity and their 
daily servings of fruits and 
vegetables (p < 0.001).

Appendix III: Summary of Studies with Full Lifestyle Intervention (continued)
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cole  
et al.42 rcT

nutrition-
focused 
intervention

nutrition-based shared 
medical appointment 
(SMa) intervention 
consisting of three 
90-minute nutrition 
sessions over 3 months; 
3-month and 1-year 
follow-ups.

Primary  
care

94 prediabetes subjects 
with 64% completion 
rate (34 in intervention, 
31 in control).

46% female; 64% white; 
mean age (Sd) 58.3 (9.6).

The SMa and control participants lost  
a mean of 6.6 and 3.6 lbs, respectively; 
neither group met the 5% modest weight loss 
expected. The SMa and control  
group experienced a mean drop  
in fasting blood glucose of 6 mg/dL.

Morey  
et al.43 rcT Physical 

activities

12-month, home-
based physical activity 
counseling (Pac) 
consisting of in-person 
baseline counseling 
session, telephone 
counseling, physician 
endorsement in clinic 
with monthly automated 
encouragement, and 
customized mailed 
materials.

home

302 older adults with 
prediabetes (180 in Pac; 
122 in usual care).

96.1% male; 71.7% 
white; mean age 67.1.

both groups had small declines over  
time of approximately 6% in fasting blood 
glucose (P < 0.001), but there were no 
significant differences between the Pac  
and control groups over time for any of  
the glycemic indicators.

roberts  
et al.44 rcT Physical 

activities

Three 1-hour resistance 
exercise training (rT) 
sessions per week for 12 
weeks

University

36 overweight/obese 
young men  
(28 rT, 8 control).

Mean age 22.

12 weeks of rT increased Shbg (P=0.01)  
and decreased FaI (P<0.05) and cortisol 
(P<0.05) compared to control.

Swartz  
et al.45

Pre-
post

Physical 
activities

8-week walking program 
(10,000 steps/day) home 18 inactive, at-risk 

females.

during the intervention period, the 
participants increased their accumulated 
steps/day by 85% to 9,213, which resulted 
in beneficial changes in 2-hour post-load 
glucose levels (p<0.001), aUc glucose 
(p=0.025), systolic blood pressure (p<0.001), 
and diastolic blood pressure (p=0.002).
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Osei et al.56 rcT drug

each subject was instructed 
to ingest at least 250 g of 
carbohydrates in their regular 
meals for at least 3 days prior 
to the test. after a 10- to 
12-hour overnight fast, blood 
samples were drawn for 
serum glucose, insulin, and 
c-peptide at t 0 minutes. The 
subjects then ingested 75 g 
of oral glucose load (glucola, 
baltimore, Md; 250 mL) over 
a 2-minute period. blood 
samples were drawn at t 30, 
60, 90, and 120 minutes  
for serum glucose, insulin, 
and c-peptide concentrations. 
glucose tolerance status  
of the subjects was defined  
by the world health 
Organization criteria.

hospital

First-degree relatives 
of black patients 
with Type 2 diabetes 
and manifested 
IgT during an oral 
glucose tolerance test 
(OgTT) Treatment: 9; 
control: 9.

The first-degree relatives 
of black patients with Type 
2 diabetes who had newly 
diagnosed IgT tolerated glipizide 
gITS without any symptoms 
suggestive of hypoglycemia 
or hyperglycemia. gITS was 
not associated with significant 
weight gain when compared 
with the PLac group. we found 
no biochemical or hematological 
abnormalities with the chronic 
use of gITS in our IgT patients 
when compared with the PLac 
group.

Mitri et al.57 rcT drug

Patients received either 
cholecalciferol (2,000 IU once 
daily) or calcium carbonate 
(400 mg twice daily) for  
16 weeks.

hospital

ambulatory adults 
who were 40 years  
of age or older.  
23 (vit d+ca), 23  
(vit d+placebo), 22 
(ca+P), 24 (both P). 

In adults at risk for Type 
2 diabetes, short-term 
supplementation with 
cholecalciferol improved beta 
cell function and had a marginal 
effect on attenuating the rise in 
hba1c.

deFronzo et al.58 rcT drug

Patients received either 
pioglitazone or placebo. 
Median follow-up: 2.4 
years; fasting glucose was 
measured quarterly, and 
oral glucose tolerance tests 
were performed annually. 
conversion to diabetes was 
confirmed on the basis of the 
results of repeat testing.

health centers

Male and female 
patients 18 years 
of age or older with 
IgT; Treatment: 303; 
control: 299.

as compared with placebo, 
pioglitazone reduced the risk 
of conversion of impaired 
glucose tolerance to Type 2 
diabetes mellitus by 72% but 
was associated with significant 
weight gain and edema. 

The navigator 
Study group59 rcT drug & 

lifestyle

Patients received valsartan 
(up to 160 mg daily) or 
placebo (and nateglinide 
or placebo) in addition to 
lifestyle modification. we then 
followed the patients for a 
median of 5.0 years for the 
development of diabetes (6.5 
years for vital status).

Outpatient 
(clinics)

9,306 patients 
with impaired 
glucose tolerance 
and established 
cardiovascular 
disease or risk 
factors; Treatment: 
4,631; control: 4,675.

among patients with 
impaired glucose tolerance 
and cardiovascular disease 
or risk factors, the use of 
valsartan for 5 years, along 
with lifestyle modification, led 
to a relative reduction of 14% 
in the incidence of diabetes 
but did not reduce the rate of 
cardiovascular events.

continued
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The navigator 
Study group60 rcT drug & 

lifestyle

Participants received 
nateglinide (up to 60 mg 
three times daily) or placebo, 
in a 2-by-2 factorial design 
with valsartan or placebo, in 
addition to participation in a 
lifestyle modification program. 
we followed the participants 
for a median of 5.0 years 
for incident diabetes (and a 
median of 6.5 years for vital 
status).

Outpatient 
(clinics)

9,306 patients 
with impaired 
glucose tolerance 
and established 
cardiovascular 
disease or risk 
factors; Treatment: 
4,645, control: 4,661.

among persons with impaired 
glucose tolerance and 
established cardiovascular 
disease or cardiovascular 
risk factors, assignment to 
nateglinide for 5 years did not 
reduce the incidence of diabetes 
or the coprimary composite 
cardiovascular outcomes.

Maki  
et al.61 rcT drug

Subjects (n=39) consumed 
breakfast meals containing 
75 g of carbohydrates, each of 
which contained 1, 2, 4, or 8 
g of hv-hPMc or a cellulose 
control. each subject 
completed tests with control 
and two hv-hPMc doses (1 
meal with control, 2 with hv-
hPMc dose).

research 
center/clinic

39 patients required 
to have adequate 
venous access and 
be in apparent good 
health; Subjects 
were a subset of 
participants in two 
trials with elevated 
peak postprandial 
glucose [7.8 mmol/L ( 
140 mg/dL)] and body 
mass index (bMI) 27 
kg/m^2.

among subjects at risk for Type 
2 diabetes mellitus, 1.0–8.0 g of 
hv-hPMc blunted postprandial 
glucose and insulin responses 
in a dose-dependent manner. 
additional research is warranted 
to assess whether chronic 
consumption might retard the 
development or progression of 
glucose intolerance.

Song et al.62 rcT drug

randomly assigned to receive 
vitamin c (ascorbic acid, 
500 mg every day), vitamin e 
(rrr-a-tocopherol acetate, 
600 IU every other day), 
beta-carotene (50 mg every 
other day), or their respective 
placebos. Median follow-up of 
9.2 years.

not specified

8,171 female health 
professionals aged 
40 years old or older 
with either a history 
of cardiovascular 
disease (cvd) or 
3 cvd risk factors 
(randomly vitamin c 
or placebo, vitamin e 
or placebo, then beta 
or placebo).

Our randomized trial data 
showed no significant overall 
effects of vitamin c, vitamin 
e, and beta-carotene on risk 
of developing Type 2 diabetes 
in women at high risk of cvd.

The dreaM (diabetes 
reduction assessment 
with ramipril 
and rosiglitazone 
Medication) Trial 
Investigators63

rcT drug

Participants received 
rosiglitazone (8 mg daily; 
n=2,365) or placebo (n=2,634) 
and followed for a median of 3 
years; 17-day placebo run-in 
period.

not specified

5,269 adults aged 30 
years or older with 
impaired fasting 
glucose or impaired 
glucose tolerance, or 
both, and no previous 
cardiovascular 
disease from 191 
sites in 21 countries; 
Treatment: 2,635, 
control: 2,634.

rosiglitazone at 8 mg daily 
for 3 years substantially 
reduces incident Type 2 
diabetes and increases the 
likelihood of regression to 
normoglycaemia in adults 
with impaired fasting 
glucose or impaired glucose 
tolerance, or both.
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Saremi et al.64 rcT drug

Pioglitazone treatment 
(4.76×10–3 mm/year; 95% cI: 
2.39×10–3–7.14×10–3 mm/
year); placebo (9.69×10–3 
mm/year; 95% cI: 7.24×10–
3–12.15×10–3 mm/year); 
average follow-up of 2.3 
years.

hospital

Participants included 
adults (≥18 years) 
with impaired glucose 
tolerance (IgT). In 
addition, all IgT 
subjects had fasting 
plasma glucose (FPg) 
of 92 to 125 mg/dL, 
were overweight, and 
had at least 1 other 
risk factor for T2dM; 
Treatment: 303, 
control: 299.

Pioglitazone slowed 
progression of cIMT, 
independent of improvement 
in hyperglycemia, insulin 
resistance, dyslipidemia,  
and systemic inflammation  
in prediabetes. These results  
suggest a possible direct  
vascular benefit of 
pioglitazone.

buchanan et al.65 rcT drug

Participants received placebo 
(n=133) or the insulin-
sensitizing drug troglitazone 
(400 mg/day; n=133) 
administered in double-blind 
fashion. Fasting plasma 
glucose was measured 
every 3 months, and oral 
glucose tolerance tests 
(OgTTs) were performed 
annually to detect diabetes. 
Intravenous glucose tolerance 
tests (IvgTTs) were performed 
at baseline and 3 months later 
to identify early metabolic 
changes associated with any 
protection from diabetes. 
women who did not develop 
diabetes during the trial 
returned for OgTTs and 
IvgTTs 8 months after study 
medications were stopped.

Outpatient/
community

hispanic women 
with high risk of 
developing Type 2 
diabetes; Treatment: 
114, control: 122.

a 50% reduction in the 
incidence of Type 2 diabetes 
in young hispanic women 
with recent gdM who were 
treated with an insulin-
sensitizing drug. Protection 
from diabetes persisted 
8 months after the drug 
was stopped, and it was 
associated with preservation 
of beta-cell compensation 
for stable insulin resistance. 
Perhaps most importantly, 
protection required an 
improvement in SI soon after 
initiation of treatment, but 
was most closely linked to 
a reduction in the amount 
of insulin required from 
beta-cells.

continued
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zappe et al.66 rcT drug

16 week (+2-week washout 
and 2-week placebo at begin-
ning) [16-week therapy with 
valsartan 320 mg⁄ d 
(n=189), hydrochlorothiazide 
(hcTz)25 mg ⁄d (n=190), or 
valsartan ⁄hcTz 320 ⁄ 25 mg⁄d 
(n=187)]

not Specified

Patients were 18–75 
years old, obese, and 
hypertensive. v: 189; 
v/h: 187; h: 190.

There were no statisti-
cally significant differences 
in hOMa-Ir among the 3 
groups. hcTz significantly in-
creased hemoglobin a1c and 
triglyceride concentrations 
and lowered serum potas-
sium levels vs. valsartan. 
hcTz also increased plasma 
aldosterone and c-reactive 
protein levels. blood pressure 
reduction and blood pressure 
control rates were highest 
with valsartan ⁄hcTz. There 
were no differences between 
combination valsartan ⁄hcTz 
or monotherapies on a 
measure of insulin sensitiv-
ity; however, the negative 
metabolic effects of hcTz 
(increase in triglyceride and 
hemoglobin a1c values) were 
absent with valsartan ⁄hcTz, 
indicating an ameliorating 
effect of valsartan on these 
measures.

The dreaM Trial 
Investigators67 rcT drug

Participants received ramipril 
(titrated to a maximum of 15 
mg) or matching placebo and, 
simultaneously, rosiglitazone 
(titrated to a maximum of 8 
mg) or matching placebo, 
in a two-by-two balanced 
factorial design. Participants 
had OgTTs done after 2 years 
and at final visit, and at other 
yearly visits if FPg or hba 
values were elevated (2), and 
were followed for a median of 
3 years.

Outpatient

3,269 participants 
aged 30 years or 
older with impaired 
fasting plasma 
glucose and/or IgT.

In people allocated to ramipril 
compared with those not 
allocated ramipril during 
the trial, the post-washout 
normoglycemia incidence was 
higher. In people allocated to 
rosiglitazone compared with 
those not allocated rosiglitazone 
during the trial, the post-
washout incidence of diabetes 
was significantly 
lower and the incidence of 
normoglycemia was higher. 
during the washout period, 
diabetes incidence was the 
same for ramipril versus 
placebo and for rosiglitazone 
versus placebo. rosiglitazone 
delays disease progression 
during treatment, but the 
process resumes at the placebo 
rate when the drug is stopped.

continued
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The dreaM Trial 
Investigators68 rcT drug

Participants received ramipril 
(up to 15 mg per day) or 
placebo (and rosiglitazone or 
placebo) and were followed 
for a median of 3 years.

Outpatient

5,269 participants 
with cardiovascular 
disease but with 
impaired fasting 
glucose levels or 
impaired glucose 
tolerance [ram- 
2623; c- 2646].

among persons with impaired 
fasting glucose levels or 
impaired glucose tolerance,  
the use of ramipril for 3 years 
does not significantly reduce the 
incidence of diabetes or death 
but does significantly increase 
regression to normoglycemia.

hanley et al.69 rcT drug

OgTTs at baseline, after 2 
years, and at the end of the 
study, with blood samples 
drawn fasting as well as 30 
and 120 minutes after the 
glucose challenge.

Outpatient

982 patients from 
dreaM On trial 
centers in canada 
who had oral glucose 
tolerance tests at 
baseline, after 2 
years, and at the end 
of the study.

Treatment with rosiglitazone, 
but not ramipril, resulted in 
significant improvements  
in measures of ßcell function 
over time in subjects with 
prediabetes. although  
the long-term sustainability  
of these improvements  
cannot be determined from  
the present study, these findings 
demonstrate that  
the diabetes preventive effect  
of rosiglitazone was in part  
a consequence of improved 
ßcell function.

dreaM On 
(diabetes 
reduction 
assessment  
with remipril  
and rosiglitazone 
Medication 
Ongoing 
follow-up) 
Investigators70

rcT drug 3 years of therapy with 
rosiglitazone

Outpatient, 
follow-up study 
was conducted 
at 49 of the 
191 dreaM On 
sites

2,464 (eligible 
participants at 
dreaM On sites); 
1,653 (outcome 
free on therapy); 
1,361 (final 
primary outcome 
status available); 
416 (source of 
participants analyzed 
for sensitivity 
analysis, which 
was restricted to 
participants from 15 
sites that provided 
final outcome 
assessment for 
at least 90% of 
participants). 

Time-limited exposure to 
rosiglitazone reduces the 
longer-term incidence of 
diabetes by delaying but not 
reversing the underlying disease 
process.

ali et al.71 rcT/
crossover drug

6 month, crossover for 6 
months; Participants received 
6-month sequences of 
chromium picolinate or 
placebo at 1 of 2 dosages (500 
or 1,000 mcg daily).

hospital 
(hospital where 
outcomes 
measured)

Patients enrolled 
were 18 years old 
or older and were 
identified as having 
IgT, IFg, or metabolic 
syndrome; patients 
were excluded if 
they had diabetes; 
500 mcg- 30; 1,000 
mcg- 29.

59 participants were enrolled. 
no changes were seen in 
glucose level, insulin level, or 
hOMa-Ir (all, P>.05) after 6 
months of chromium at either 
dosage level (500 mcg or 1,000 
mcg daily) when compared with 
placebo. none of the secondary 
outcomes improved with either 
chromium dosage compared 
with placebo (P>0.05).

continued
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hutchins et al.72

crossover 
(each 
participant 
serves as 
their own 
control)

drug

Participants consumed 0, 
13, or 26 g ground flaxseed 
for 12 weeks. glucose, 
insulin, homeostatic model 
assessment (hOMa-Ir), 
and normalized percent of 
ɑ-linolenic fatty acid (aLa) 
were significantly different 
by treatment (multiple 
analysis of variance, P = .036, 
P = .013, P = .008, P = .024 
respectively).12 weeks.

community/ 
home

Overweight men and 
postmenopausal 
women with 
prediabetes (n=25).

The current study found that 
a low dose of daily flaxseed 
supplementation decreased 
insulin resistance in overweight 
and obese, glucose-intolerant 
people.

durbin 73

Observational 
(treatment 
depends 
on initial 
meeting/
physician 
seen)

drug

Patients in the active 
treatment group (n=101)  
had received troglitazone  
 for an average of 10 months 
before being randomly 
switched to rosiglitazone 
(4 mg/day) or pioglitazone 
(30 mg/day). Patients were 
switched when troglitazone 
was withdrawn from the 
U.S. market because of liver 
toxicity concerns. Patients 
with IgT and Ir who received 
no anti-diabetic medication 
served as a control group 
(n=71). hba1c and c-peptide 
levels were measured at 
baseline (2 years) and study 
end point (3 years). kaplan–
Meier testing, using time to 
outcome as the main outcome 
variable, determined risk 
reduction in the Tzd group 
relative to the control group.

Outpatient

Multiethnic patients 
with IgT and Ir; 
Treatment: 101 ( r-39, 
p-62); control: 71.

Mean hba1c and c-peptide 
levels decreased for patients 
receiving either Tzd at the 
2-year assessment, and 
reductions were maintained at 
study end point. after 2 years, 
none of the patients receiving 
Tzd therapy progressed 
to T2dM; three patients 
progressed to T2dM by study 
end point. In the control group, 
11 patients developed diabetes 
after 2 years and 19 patients 
developed diabetes by the end 
of the study. The incidence (risk 
reduction) of diabetes after 3 
years was 88.9% lower in the 
Tzd group compared with the 
control group (p< 0.001).

xiang et al. 74 Observational drug

Participants were offered 
participation in the 
Pioglitazone In Prevention  
Of diabetes (PIPOd) study  
for a planned 3 years of  
drug treatment and 6 months  
of post-drug washout.

Outpatient/ 
community

86 hispanic women 
with prior gestational 
diabetes who 
had completed 
participation in 
the Troglitazone 
In Prevention Of 
diabetes (TrIPOd) 
study.

The risk of diabetes, which 
occurred at an average rate 
of 4.6% per year, was lowest 
in women with the largest 
reduction in total IvgTT insulin 
area after 1 year of treatment. 
The similarity of findings 
between the PIPOd and TrIPOd 
studies supports a class effect 
of thiazolidinedione drugs  
to enhance insulin sensitivity, 
reduce insulin secretory 
demands, and preserve 
pancreatic beta-cell function,  
all in association with a relatively 
low rate of Type 2 diabetes,  
in hispanic women with prior 
gestational diabetes.
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