
4

Jan • Feb 2018American Journal of Lifestyle Medicine

Karla I. Galaviz, PhD, MSc, K. M. Venkat Narayan, MD, MSc, MBA,  
Felipe Lobelo, MD, PhD, FAHA, and Mary Beth Weber, PhD, MPH

Abstract: Diabetes is a costly disease 
affecting 387 million individuals 
globally and 28 million in the United 
States. Its precursor, prediabetes, 
affects 316 and 86 million individuals 
globally and in the United States, 
respectively. People living with elevated 
blood glucose levels are at high risk 
for all-cause mortality and numerous 
cardiometabolic ailments. Fortunately, 
diabetes can be prevented or delayed 
by maintaining a healthy lifestyle and 
a healthy body weight. In this review, 
we summarize the literature around 
lifestyle diabetes prevention programs 
and provide recommendations for 
introducing prevention strategies in 
clinical practice. Overall, evidence 
supports the efficacy and effectiveness 
of lifestyle diabetes prevention 
interventions across clinical and 
community settings, delivery 
formats (eg, individual-, group-, or 
technology-based), and implementers 
(eg, clinicians, community members). 
Evidence-based diabetes prevention 
strategies that can be implemented 
in clinical practice include brief 
behavior change counseling, group-
based education, community 
referrals, and health information 
technologies. These strategies represent 
opportunities where practitioners, 
communities, and health care 
systems can work together to provide 

individuals with education, support 
and opportunities to maintain 
healthy, diabetes-free lifestyles.
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Overview

Type 2 diabetes mellitus is a costly 
disease, affecting individuals, health care 
systems, economies, and whole societies 
worldwide. Diabetes and its precursor, 
prediabetes, affect 8% and 7% of the 
world’s population, respectively.1,2 Type 
2 diabetes mellitus (hereafter called 
diabetes) makes up 95% of all diabetes 
cases.2 Overwhelming evidence shows 

that lifestyle intervention programs 
promoting healthy diets, physical activity, 
and modest body weight reductions can 
prevent or delay the onset of diabetes 
among high-risk populations, such as 
those with impaired glucose tolerance 
(IGT).3-5 In this review, we briefly define 

diabetes and prediabetes and discuss 
their worldwide burden, describe the 
role physical activity and obesity play in 
the pathophysiology of diabetes, 
summarize the evidence around the 
effectiveness of lifestyle interventions for 
preventing diabetes, and provide 
evidence-based recommendations for 
health care practitioners looking to 
promote healthy lifestyles among their 
patients at risk of diabetes.
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Lifestyle and the Prevention of 
Type 2 Diabetes: A Status Report

Obesity and physical inactivity lead to 
insulin resistance by increasing the 
nonphysiological deposition of fat in 

visceral, hepatic, and muscle tissues and 
by intracellular sequestration of glucose 
transporter-4 (GLUT-4) in unexercised 

muscle.
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Defining Glucose 
Intolerance

Hyperglycemia is a major contributor to 
cardiovascular mortality and morbidity 
worldwide,6 and it manifests in the form 
of prediabetes or diabetes. Prediabetes is 
a state of hyperglycemia where glucose 
levels are higher than normal but lower 
than diabetes thresholds and includes 
both impaired fasting glucose (IFG) and 
IGT. IFG is defined as fasting plasma 
glucose (FPG) levels of 100 to 125 mg/dL, 
whereas IGT is diagnosed when plasma 
glucose levels after an oral glucose 
tolerance test (OGTT) reach 140 to 199 
mg/dL.7 Elevated blood glucose levels 
represent defects in insulin secretion, 
insulin action, or both, where IFG is a 
reflection of impaired β-cell function and 
IGT of insulin resistance. Glycated 
hemoglobin (HbA1c) reflects chronic 
hyperglycemia, and values between 5.7% 
and 6.4% are also clinically used to 
define prediabetes.

Hyperglycemia is a strong risk factor 
for diabetes, and many adults with 
prediabetes will develop diabetes within 
the next 10 years, unless lifestyle 
changes are made.8 People with IFG/IGT 
progress to diabetes when they reach 
FPG ≥126 mg/dL, plasma glucose levels 
≥200 mg/dL after an OGTT, or an HbA1c 
value ≥6.5 (see Figure 1).7 In some cases 

(eg, patients with hyperglycemia 
symptoms), a random plasma glucose 
≥200 mg/dL can also be used to detect 
diabetes. Overall, HbA1c is regarded as a 
more convenient and more stable 
method than IFG and OGTT, although it 
is more expensive and not available in 
some settings.9

The Diabetes Burden

Diabetes is an independent risk factor 
for premature illness and mortality, 
mainly because of cardiovascular disease 
(CVD)10,11 but can also lead to 
nephropathy, retinopathy, and 
neuropathy,12 representing a major global 
public health burden. The International 
Diabetes Federation (IDF) reports that in 
2014, diabetes prevalence among adults 
between 20 and 79 years old reached 
8.3%, with 77% of the global cases living 
in low- and middle-income countries.2 
The diabetes prevalence is higher in 
urban than in rural populations, whereas 
the prevalence seems to be similar 
among men and women.2 Overall, China, 
India, and the United States have the 
largest numbers of diabetes cases, with 
92, 62, and 24 million people affected, 
respectively.13-15

Because diabetes can be asymptomatic 
and remain undetected for long periods 
of time, around 46% of global diabetes 

cases are undiagnosed,16 suggesting that 
affected persons are not receiving the 
appropriate treatment to prevent 
complications. Diabetes has become an 
important cause of disability and 
mortality globally, accounting for 46 823 
disability-adjusted life years (per 1000 
population) in 201017 and 4.9 million 
global deaths in 2014.2 Given global 
population growth and ageing trends,18 
the world prevalence of diabetes is 
expected to escalate and reach 55% by 
2035.1

In the United States, 9.3% of adults 
older than 20 years were affected by 
diabetes in 2012, and approximately 28% 
of diabetes cases were undiagnosed.19 
Together, undiagnosed and diagnosed 
diabetes affect 12.3% of American adults, 
with men showing a higher prevalence 
than women (13.6% vs 11.2%, 
respectively) and adults >65 years 
showing the highest prevalence (25.6%). 
Diabetes, particularly affects minorities, 
with American Indians and Alaska 
Natives having the highest prevalence 
(16%), followed by non-Hispanic blacks 
(13%), Hispanics (13%), and Asian 
Americans (9%). Conversely, the 
prevalence of diabetes among non-
Hispanic whites is the lowest in the 
country (7.6%).19

The financial burden diabetes poses to 
individuals and societies is also alarming. 
The global health expenditure on 
diabetes reached $612 billion in 2014.2 
The United States has the highest 
diabetes expenditure in the world, 
accounting for about 53% of the global 
diabetes expenditure.20 In 2012, diabetes 
costs reached $245 billion in the United 
States, with $176 billion spent in direct 
medical costs and $69 billion spent in 
reduced productivity.21 The costs of 
undiagnosed diabetes alone have been 
estimated at $33 billion,22 suggesting that 
direct and indirect diabetes costs may be 
underestimated. Overall, Americans with 
diagnosed diabetes have 2.3 times higher 
medical expenditures than their healthy 
counterparts, creating a financial burden 
that affects individuals and societies 
through higher insurance premiums and 
taxes, reduced earnings, and reduced 
standard of living (Table 1).21

Figure 1.

Prediabetes and Diabetes FBG, OGTT, and HbA1c Cutoff Points According to ADA 
2015.7

Abbreviations: ADA, American Diabetes Association; FBG, fasting blood glucose; OGTT, oral glucose 
tolerance test; HbA1c, hemoglobin A1c.
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The Prediabetes Burden

Prediabetes is associated with all-cause 
mortality and has been shown to 
increase CVD risk by almost 2-fold.23-25 
The IDF reports that the global 
prevalence of prediabetes reached 7% in 
2013 and is expected to rise to 8% by 
2035.2 About 70% of the prediabetes 
cases are found in low- and middle-
income countries and among adults 
younger than 50 years.2 The prevalence 
of prediabetes is higher in Africa and 
European Regions and lower in the 

South-East Asia Region.2 Slightly higher 
levels of prediabetes have been observed 
in rural than in urban areas, and IGT 
seems to be more common among 
women than men.13,26 Differences in 
prevalence between ethnic groups have 
also been observed, even between 
groups from the same country, as 
observed in India and China.13,14

In the United States, 37% of adults 
older than 20 years were affected by 
prediabetes in 2012,19 and it is estimated 
that approximately 90% of prediabetes 
cases are undiagnosed (Table 1).27 These 

estimates are similar for non-Hispanic 
whites (35%), non-Hispanic blacks (39%), 
and Hispanics (38%),19 although recent 
studies have reported differences in 
prediabetes prevalence and susceptibility 
between ethnic groups. For instance, 
African Americans have shown a higher 
prevalence of prediabetes than their 
white counterparts,28 whereas Asian 
Indians seem to be particularly 
susceptible to developing prediabetes.29 
The economic burden of prediabetes in 
the United States reached $44 billion in 
direct health care costs in 2012.22 

Table 1.

Summary of the Burden of Prediabetes and Diabetes, the Evidence on Lifestyle Prevention and Recommendations.

The Burden

United States Global2

•• 28 Million people living with diabetes192

•• Annual diabetes expenditure has reached $176 billion21

•• 28% Of diabetes cases are undiagnosed19

•• 86 Million people living with prediabetes193

•• 90% Of prediabetes cases are undiagnosed27

•• Annual prediabetes expenditure has reached $44 billion22

•• 387 Million people living with diabetes
•• Annual diabetes expenditure has reached $612 billion
•• 50% (Range = 30%-80%) of diabetes cases are 

undiagnosed
•• 316 Million people living with IGT

Evidence on lifestyle prevention
•• Physical activity, healthy diets, and weight loss can reduce diabetes risk by 58% in people with IGT56,57

•• Weight loss is the main driver for diabetes risk reduction in populations with high mean BMI3

•• Lifestyle interventions promote clinically meaningful weight reductions128,129

•• Moderate- to vigorous-intensity physical activity has been linked to enhanced β-cell function, insulin sensitivity, and 
glucose regulation40,66,68

•• A diet rich in fiber and whole grains and low in saturated fat is associated with reduced risk of obesity and diabetes70-72

•• High-carbohydrate and low-glycemic-index diets seem to improve β-cell function among individuals with IGT75

•• Diet with low to moderate fat (10%-45%), high protein, low carbohydrate, and low glycemic index reduce weight and 
improve diabetes risk factors74

•• Combined diet and physical activity programs decrease diabetes incidence and improve cardiometabolic risk factors among 
high-risk persons4

•• Lifestyle interventions achieve reductions in IFG and 2-hour post-load glucose levels among individuals with IGT5

•• Lifestyle interventions promote regression of prediabetes to normoglycemia95,98,102,109,110

•• Lifestyle changes may help mitigate the effects of genes on diabetes risk58,59

Recommendations
•• People with prediabetes should be referred to intensive diet and physical activity behavioral counseling/programs targeting 

a weight loss of 7% and increasing moderate-intensity physical activity to at least 150 min/wk9

•• Referring patients to self-management educational and support programs is recommended as well as providing follow-up 
counseling and support to help them make and maintain lifestyle changes9,74

•• Adults 18 and older should engage in 150 minutes of moderate-intensity or 75 minutes of vigorous-intensity aerobic 
physical activity (or a combination of these) per week, accumulated in bouts lasting at least 10 minutes, with muscle-
strengthening activities involving major muscle groups performed on 2 or more days a week63

Abbreviations: IGT, impaired glucose tolerance; BMI, body mass index; IFG, impaired fasting glucose.
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Prediabetes represents a substantial 
economic burden in its own right,30 but 
given that IFG and IGT are likely to 
progress to diabetes,23,31 it also 
represents a potential future increase in 
new diabetes cases and associated costs.

Energy Balance and 
Diabetes Development

Energy balance plays an important role 
in the development of diabetes. The key 
elements in the energy balance equation 
are energy intake and energy 
expenditure, the former directly linked to 
diet and the latter to physical activity. 
High energy intake levels have been 
shown to increase diabetes risk by 11% 
to 26%, whereas adequate levels of 
physical activity reduce risk by 8% to 
30%.32 A positive energy balance, where 
energy intake is higher than energy 
expenditure, leads to overweight or 
obesity, further increasing diabetes 
risk.32,33

Obesity and physical inactivity lead to 
insulin resistance by increasing the 
nonphysiological deposition of fat in 
visceral, hepatic, and muscle tissues34 
and by intracellular sequestration of 
glucose transporter-4 (GLUT-4) in 
unexercised muscle.35 The pathological 
deposition of fat is a major contributor to 
insulin resistance. Visceral, particularly 
intrahepatic fat, is associated with insulin 
resistance36 and with lipid accumulation 
in muscle cells.37 The excess adipose 
tissue interferes with glucose transport 
signaling, mainly by sending toxic 
messages in the form of free fatty acids, 
cytokines, and oxidative stress, which 
impair insulin’s ability to regulate glucose 
production by the liver and glucose 
uptake by the muscle.38,39

In contrast, physical activity reduces 
insulin resistance directly by promoting 
free fatty acid oxidation and reducing 
lipotoxicity in skeletal muscle and liver40 
and indirectly by reducing visceral fat.34 
Furthermore, exercise seems to improve 
serum levels of adiponectin,41 a hormone 
that promotes insulin sensitivity42 and is 
reduced in the presence of obesity.43 
Physical activity represents a 
physiological stressor that triggers 

changes in glucose transport and 
disposal to satisfy energy demands. The 
muscle is the main site for insulin-
stimulated glucose disposal and, together 
with the adipose tissue, stores around 
90% of GLUT-4, the main insulin-
responsive glucose transporter.35 In the 
absence of insulin or other stimuli (eg, 
physical activity), GLUT-4 remains 
sequestered intracellularly, impairing its 
ability to transport glucose into the 
muscle cell. Physical activity leads to 
GLUT-4 translocation from the 
intracellular storage vesicles to the 
plasma membrane, where it can 
transport glucose into the cell in a 
noninsulated mediated pathway.35 
Exercise increases glucose uptake by the 
working muscle 7 to 20 times above the 
basal rate, with improvements in insulin 
sensitivity lasting up to 3 days.44 Among 
diabetes patients, exercise can increase 
nonoxidative glucose disposal, which in 
turn can improve whole-body glucose 
utilization.45

β-Cell dysfunction and mass loss result 
in impaired insulin secretion. Loss in 
β-cell mass through apoptosis of β-cells 
has been tightly correlated with 
diabetes.46 Studies have found reduced 
β-cell mass, ranging from 40% among 
prediabetes patients to 60% among 
diabetes patients.47 Reductions in β-cell 
mass contribute to β-cell dysfunction, 
where the insulin secretion burden of the 
remaining cells increases, leading to 
chronic β-cell stress and ultimately 
impairing functional insulin secretion.48 
Although the mechanisms are not fully 
understood, evidence suggests that a 
variable combination of β-cell mass loss 
and β-cell dysfunction are involved in 
the pathogenesis of diabetes.48 The 
influence of lifestyle changes on β-cell 
mass and function has not been fully 
understood, but preliminary animal and 
human studies suggest that physical 
activity improves β-cell function by 
upregulating insulin signaling pathways 
and β-cell mass by stimulating 
proliferation and preventing apoptosis.49

Diabetes develops progressively as a 
result of the complex interaction 
between insulin resistance and β-cell 
dysfunction. Insulin resistance triggers a 

compensatory response, where the 
β-cells increase insulin secretion to 
maintain glucose homeostasis. If an 
adequate compensatory insulin secretion 
response is given, hyperglycemia can be 
offset, and blood glucose levels can 
regress to normal. Conversely, if the 
β-cells fail to cover the insulin demand 
triggered by insulin resistance, 
hyperglycemia will remain and 
potentially progress to IGT and 
ultimately to diabetes.50 This pathway 
results in reductions in β-cell mass, 
further impairing the body’s ability to 
sustain normal glucose levels.51 Figure 2 
depicts the diabetes development 
process.

In sum, the degree of insulin resistance 
and the extent of β-cell dysfunction 
influence the development of glucose 
intolerance and progression to diabetes. 
Given the complex interaction among 
the physiological factors discussed 
above, people with insulin resistance will 
not necessarily develop glucose 
intolerance, nor will all people with 
prediabetes necessarily progress to 
diabetes. However, it is important to note 
that physical inactivity increases diabetes 
risk by 20%,52 and each additional 
kilogram of weight gained translates into 
a 4.5% increase in diabetes risk.53 
Considering the high obesity and 
physical inactivity rates and poor diets 
among US adults, promoting lifestyle 
changes among at-risk adults before they 
develop the disease is imperative.

A Lifestyle Prescription 
for Diabetes Prevention

Overwhelming evidence shows that 
lifestyle changes—namely, improvements 
in physical activity and diet, leading to 
weight loss—reduce diabetes risk 
significantly.54,55 Randomized controlled 
trials have shown that lifestyle 
interventions focused on physical 
activity, healthy diets, and weight loss 
can reduce diabetes risk by 58% in 
people with IGT.56,57 Evidence also 
shows that lifestyle changes may help 
mitigate the effects of genes on diabetes 
risk. For instance, in the US Diabetes 
Prevention Program (DPP), the 
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association between susceptible 
genotypes and progression to diabetes 
was attenuated in individuals receiving a 
lifestyle intervention.58 Similarly, a study 
among Swedish adults showed that the 
genetic predisposition to diabetes may 
be offset by physically active lifestyles.59

Weight loss is the main driver of 
diabetes prevention in populations with 
high mean BMI, such as Americans.3 In 
the US DPP for instance, weight loss was 
the strongest predictor of reduced 
diabetes incidence; a 5-kg weight loss 
explained an incidence reduction of 
58%.60 More specifically, for every 
kilogram participants lost, a 16% 
reduction in diabetes risk was observed.60 
Similarly, only participants who lost 8-17% 
of their weight in the Finish Diabetes 
Prevention Study (DPS) achieved 
significant improvements in insulin 
sensitivity.61 Changes in fat distribution 
have also been linked to improved insulin 
sensitivity, particularly changes in visceral 
fat mass and liver fat content.62 Based on 
this, a weight loss of 7% of total body 
weight has been recommended for the 
primary prevention of diabetes.

Because obesity is in part an outcome 
of positive energy balance, targeting 
physical activity and diet in weight 
loss–driven diabetes prevention efforts is 
essential. Physical activity involves any 

bodily movement produced by skeletal 
muscles that requires energy expenditure 
and includes leisure time physical activity, 
transportation (eg, walking or cycling), 
occupational (ie, work), household 
chores, play, games, and sports or 
planned exercise (see Table 2).63 A range 
of physical activities and intensities are 
associated with 20% to 30% diabetes risk 
reduction, especially among high-risk 
individuals.64 For instance, ≥2.5 h/wk of 
moderate-intensity brisk walking is 
associated with a diabetes risk reduction 
of 27%, independent of BMI.65 
Furthermore, moderate- to vigorous-
intensity physical activity has been linked 
to enhanced β-cell function and glucose 
regulation, independent of obesity.66 
Structured exercise training has been 
found to reduce HbA1c by 67% among 
diabetes patients67 and to improve β-cell 
function and insulin sensitivity among 
high-risk patients.40,68 These effects are 
comparable or superior to those 
achieved with common antidiabetic 
drugs.68,69 Overall, international 
guidelines recommend that adults 18 
years and older engage in 150 minutes of 
moderate-intensity or 75 minutes of 
vigorous-intensity aerobic physical 
activity (or a combination of these) per 
week, accumulated in bouts lasting at 
least 10 minutes with 

muscle-strengthening activities involving 
major muscle groups performed on 2 or 
more days a week.63

Caloric intake and diet quality are 
important drivers of obesity and diabetes. 
Overall, a diet rich in fiber and whole 
grains and low in saturated fat is 
associated with reduced risk of obesity 
and diabetes.70,71 Prospective studies 
have consistently shown that 
consumption of cereal fiber or mixtures 
of whole grains and bran reduce 
diabetes risk by 18% to 40%.70 
Furthermore, with a 2 serving/d 
increment in whole-grain intake, diabetes 
risk can be reduced up to 21%.72 It has 
also been shown that a saturated fat 
intake less than 7% of the total energy 
intake is associated with reduced 
diabetes risk.71 Because people who 
drink more than 1 sugar-sweetened 
beverage per day have a 26% increase in 
diabetes risk compared with those who 
drink less than 1 per month,73 reducing 
sugar-sweetened beverage consumption 
may also decrease risk. Regarding dietary 
strategies, low to moderate fat (10%-
45%), high protein, low carbohydrate, 
and low glycemic index diets have been 
shown to effectively reduce weight and 
improve diabetes risk factors.74 High-
carbohydrate and low glycemic index 
diets seem to improve β-cell function 
among those with IGT.75 The ADA 
recommends that high-risk individuals 
are encouraged to increase their fiber 
intake and consume whole grain foods.9 
Behavioral counseling and ongoing 
support should be used to help 
patients,74 whereas individualized 
nutrition counseling should be provided 
by a registered dietitian (see Table 1).

The extent to which lifestyle changes 
can prevent or delay the onset of 
diabetes is associated with the degree of 
β-cell dysfunction and hyperglycemic 
nature. For example, in persons with 
mild β-cell dysfunction, who exhibit IGT 
as a result of peripheral insulin 
resistance, lifestyle changes can improve 
insulin sensitivity and ultimately restore 
normoglycemia. Conversely, in patients 
with moderate β-cell dysfunction, who 
present with isolated IFG, lifestyle 
changes may not restore normoglycemia 

Figure 2.

Diabetes development process (adapted from Stumvoll et al50).

Abbreviation: IGT, impaired glucose tolerance.
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but may help regulate glucose levels.76 In 
other words, lifestyle changes may have 
a small effect on the progression to 
diabetes in individuals with isolated IFG 
concentrations but they are highly 
beneficial among those with IGT.76

Other lifestyle behaviors and mental 
health factors such as smoking, sedentary 
behavior (time spent seating), sleeping 
patterns, and stress have also been 
linked to diabetes risk, independent of 
sociodemographic factors, physical 
activity, and obesity.77-85 Meta-analyses 
have shown that smoking significantly 
increases diabetes risk, with active 
smokers showing a 44% increased risk.78 

A diabetes risk 1 to 2 times higher has 
been observed among men who watch 
television for more than 20 hours per 
week, compared to those who do it for 
less than 2 hours per week.79 Similarly, a 
3.4% increase in diabetes risk for each 
additional hour spent watching television 
was observed among DPP participants.80 
Sleeping disturbances have also been 
linked to abnormal glucose metabolism, 
where trouble sleeping, sleep apnea, and 
sleep loss have been shown to 
significantly increase diabetes risk.81-83 
Likewise, psychosocial stress predicts 
diabetes incidence in men84 and 
abnormal glucose metabolism among 

women.85 Because these behaviors are 
out of the scope of the present review, 
we invite interested readers to review the 
articles cited in this paragraph and other 
articles available elsewhere.

Efficacy of Lifestyle 
Diabetes Prevention

Five highly controlled, large-scale 
studies assessing the efficacy of lifestyle 
DPPs have been implemented across the 
globe.57,86-91 In the US DPP, adults with 
IGT were randomly assigned to receive a 
placebo, metformin (a glucose-lowering 
drug), or a lifestyle program consisting of 

Table 2.

Physical Activity Definitions According to the World Health Organization 2010.63

Definition

Exercise A physical activity that is planned, structured, repetitive, and purposeful in the sense that the 
improvement or maintenance of one or more components of physical fitness is the objective

Physical inactivity An absence of physical activity or exercise. Usually defined as not meeting the international 
physical activity recommendations

Physical activity Any bodily movement produced by skeletal muscles that requires energy expenditure

 Type The mode of participation in physical activity. The type of physical activity can take many forms: 
aerobic, strength, flexibility, balance

 Frequency Number of times an exercise or activity is performed. Frequency is generally expressed in 
sessions, episodes, or bouts per week

 Duration The length of time in which an activity or exercise is performed. Duration is generally expressed 
in minutes

 Intensitya Rate at which the activity is being performed or the magnitude of the effort required to perform 
an activity or exercise

  Light On an absolute scale, light intensity refers to activity that is performed at less than 3.0 times the 
intensity of rest. On a scale relative to an individual’s personal capacity, light physical activity 
is usually less than 4 on a scale of 0-10 (eg, light walking, cooking)

  Moderate On an absolute scale, moderate intensity refers to activity that is performed at 3.0-5.9 times the 
intensity of rest. On a scale relative to an individual’s personal capacity, moderate-intensity 
physical activity is usually a 5 or 6 on a scale of 0-10 (eg, brisk walk, bicycling, jogging)

  Vigorous On an absolute scale, vigorous intensity refers to activity that is performed at 6.0 or more times 
the intensity of rest for adults and typically 7.0 or more times for children and youth. On 
a scale relative to an individual’s personal capacity, vigorous- intensity physical activity is 
usually a 7 or 8 on a scale of 0-10 (eg, running, swimming, playing soccer)

aAbsolute intensity can be determined by the rate of work being performed (eg, milliliters per kilogram per minute of oxygen consumed), whereas relative 
intensity is determined as a percentage of an individual’s maximum heart rate or aerobic capacity (VO

2max
).
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24 individual counseling sessions on diet 
and physical activity. After 2.8 years, 
diabetes risk was reduced by 58% in the 
lifestyle group and by 31% in the 
metformin group. Lifestyle participants 
also achieved a significant weight loss, 
which was higher than that of controls 
(5.6 vs 0.1 kg, respectively).86 At the end 
of the original DPP, participants in all 
groups were offered a group-based 
lifestyle program, and 15 years after 
original randomization, diabetes 
incidence was reduced by 27% among 
lifestyle participants and 18% among 
metformin participants.92

In Finland, the DPS showed that patients 
receiving a 4-year intervention comprising 
individualized dietary counseling and free 
access to gym-based supervised exercise 
sessions achieved a diabetes risk 
reduction of 58%.93 Likewise, intervention 
patients showed greater weight 
reductions, better glycemic and lipid 
levels, and healthier diets than patients 
receiving usual care.87 After 13 years of 
randomization, diabetes incidence was 
reduced by 43% among intervention 
patients while improvements in body 
weight, FBG and 2-hour blood glucose, 
and dietary habits were maintained.94

Three studies in Asia, the Da Qing IGT 
and Diabetes Study, the Indian DPP 
(IDPP) and the Japanese DPP also 
showed the benefits of lifestyle 
intervention. The Da Qing IGT and 
Diabetes Study implemented in China 
showed that compared with control 
participants, those receiving 
individualized dietary prescription 
combined with physical activity 
counseling over 6 years had a 51% lower 
diabetes incidence at the end of the 
intervention and a 43% lower incidence 
over a 20-year follow-up period.88,89 In 
the IDPP, participants randomized to 
receive monthly in-person advice on 
physical activity and diet to prevent 
diabetes achieved a 28.5% relative risk 
reduction compared with the control 
group. This risk reduction was similar to 
that achieved among participants 
assigned to a metformin or a lifestyle 
plus metformin group (28% and 26%, 
respectively).90 Finally, the Japanese DPP 
showed that participants receiving 

frequent individual instructions and 
lifestyle support from medical staff over 
3 years achieved a diabetes risk 
reduction of 44%.91

Not only can lifestyle programs 
significantly reduce diabetes incidence 
among people with prediabetes, but they 
can also improve the CVD risk profile. 
Numerous randomized controlled trials 
have shown that lifestyle interventions 
can reduce FPG (from −3 to −19 mm/
dL),93,95-102 2-hour post-load plasma 
glucose (from −6 to −29  
mm/dL),93,96,98-101,103,104 systolic blood 
pressure (from −1.6 to −11 mm 
Hg),96,98,103,105,106 total cholesterol (from 
−3 to −15 mg/dL),96,98,99,105-107 triglycerides 
(from −2 to −15 mm/dL),96,98,101,105 HbA1c 
(from −0.09% to −19%),100,102,103,106 and 
body weight (from −2 to −10 
kg).95,96,98,108,109 Furthermore, a meta-
analytic synthesis showed that lifestyle 
interventions among individuals with 
IGT achieve a standardized mean 
reduction of −0.27 (95% CI = −0.38 to 
−0.15) on FPG and −0.56 (95% CI = 
−1.01 to −0.10) on 2-hour post-load 
glucose levels, with effects varying 
between intervention strategies (eg, diet 
vs physical activity).5 Finally, lifestyle 
interventions have also been shown to 
promote regression to normoglycemia 
(Table 1).95,98,102,109,110

Effectiveness of Lifestyle 
Diabetes Prevention

The efficacy-driven interventions 
discussed above are resource intensive, 
directed at homogeneous populations, 
implemented in highly controlled 
settings, and often delivered by health 
care professionals, thereby limiting their 
real-world applicability and impact. Thus, 
researchers have focused on investigating 
low-cost strategies that can be 
implemented in real-world practice, 
utilizing group-based formats and lay 
community members or technology, and 
implemented in a variety of community 
settings where heterogeneous 
populations can be reached. For 
instance, the 16-week original DPP 
curriculum has been adapted for group-
based delivery and has been 

implemented in YMCAs, churches, 
primary care clinics, and other 
community settings, by trained staff, 
physicians, lay community members, and 
technology-assisted devices (eg, Internet, 
text messages).111-123 The achieved effects 
include weight reductions ranging from 
−1.9 to −8.7 kg112,113,115,116,118-122,124 and 
improvements in fasting glucose levels 
ranging from −2.1 to −9  
mm/dL.113,115,119,121,125-127

A recent meta-analysis of 26 
intervention studies aimed at translating 
the DPP in the United States found that 
lifestyle interventions achieved a pooled 
weight reduction of 4%, regardless of 
whether the intervention was delivered 
by health care professionals or lay 
community educators.128 Another 
meta-analysis summarizing the evidence 
on the effectiveness of 22 translational 
DPPs from 11 countries showed that 
lifestyle interventions achieved a mean 
weight loss of 2.3 kg (95% CI = −2.9 to 
−1.7 kg), although effects varied widely 
across studies.129 Factors associated with 
heterogeneity in weight change effects 
include intervention dose (eg, number of 
sessions delivered, adherence to 
guidelines), the delivery agent (eg, health 
care provider, community member), and 
study design and follow-up length.128,129

In light of this, the Community 
Preventive Services Task Force, the ADA, 
the IDF, and the World Health 
Organization recommend combined diet 
and physical activity counseling and 
education promotion programs for 
people at increased risk of diabetes 
across a range of intervention intensities, 
settings, and implementers.9,130-132

Lifestyle Diabetes 
Prevention in 
Clinical Practice

Lifestyle diabetes prevention in clinical 
practice is effective and feasible, leading 
to the adaptation of large prevention 
trials for the clinical setting.113,120,126,133-135 
A meta-analytic review showed that 
dietary and physical activity counseling 
for diabetes prevention in routine clinical 
practice promotes weight and waist 
circumference reductions in high-risk 
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patients.54 Implementing lifestyle 
counseling in clinical practice has been 
shown to be feasible and cost- 
effective3,54,136-139 and acceptable among 
practitioners and patients.140 This has led 
to the conclusion that lifestyle-related 
health care provider services should be 
widely implemented and potentially 
reimbursed.141

Based on this, a number of clinical 
recommendations have been released. 
The US Preventive Services Task Force 
2014 recommendations support offering 
or referring adults at risk of CVD to 
physical activity and nutrition counseling, 
a strategy that under the Affordable Care 
Act must be included in new health 
plans.142,143 The American Heart 
Association recommends using behavior 
change techniques such as goal setting 
and self-monitoring for promoting 
lifestyle change,144 and the ADA 
promotes referring high-risk patients to 
programs that target weight loss and 
increased physical activity.9 Despite this, 
the adoption and implementation of 
lifestyle diabetes prevention strategies in 
regular clinical practice remains a 
challenge.

The US Department of Health and 
Human Services reports that in 2010, 
32.4% of adults and 56% of diabetes 
patients who had seen a health 
professional in the past year were 
advised to engage in physical activity.145 
The barriers to lifestyle counseling 
practitioners face—mainly lack of time, 
training, and organizational 
resources146—as well as the 
disconnection between clinical practice 
and community health programs147 
contribute to these low rates. 
Furthermore, clinic-level factors such as 
organizational characteristics and 
capacity/resources may hinder the 
adoption of diabetes preventive 
practices. Recognizing this, strategies to 
integrate lifestyle diabetes prevention in 
clinical practice have been identified. 
Collaborating with community-based 
lifestyle programs, establishing patient 
referrals to such programs, creating 
multidisciplinary teams to provide patient 
education and follow-up, training 
physicians on effective brief counseling, 

and using health information 
technologies to promote behavior 
change represent the most promising 
strategies.141,148

From Evidence 
to Practice

The IDF has proposed a simple 3-step 
plan for the prevention of diabetes in 
high-risk individuals that includes (1) 
identification of those who may be at 
increased risk, (2) risk evaluation, and 
(3) intervention to prevent diabetes.149 
Following these steps, we now outline 
the evidence-based diabetes prevention 
strategies that health care practitioners 
can implement in their practice (see 
Table 3).

Identification

The IDF recommends that high-risk 
individuals should be identified through 
opportunistic screening by physicians, 
nurses, and pharmacists and through 
self-screening.149 Simple, noninvasive 
diabetes risk questionnaires exist150-152 
and are useful tools for identifying 
patients at high risk. According to ADA 
2015 criteria, patients of any age with 
overweight or obesity (BMI ≥25 kg/m2 or 
≥23 kg/m2 in Asian Americans) and who 
have one or more additional risk factors 
(ie, family history of diabetes, history of 
gestational diabetes, high risk race/
ethnicity [African American, Latino, 
Native American, Asian American, Pacific 
Islander]) are at increased risk.9 The 
opportunistic screening of high-risk 
people could help lower undiagnosed 
diabetes rates.

Measurement

According to ADA, high-risk patients of 
any age (see criteria above) and low-risk 
patients ≥45 years of age should be 
tested for glucose intolerance. HbA1c, 
FPG, or OGTT are appropriate methods 
for identifying prediabetes as well as 
diabetes cases. If tests are normal, testing 
should be repeated at least once every 3 
years. In people with prediabetes, testing 
should be repeated yearly.9 Although this 
is still under debate, the US Preventive 
Services Task Force’s 2015 

recommendations and others support the 
testing of glucose intolerance among 
individuals who are at increased 
risk.30,153,154 Among patients with 
prediabetes, screening for and treatment 
of modifiable CVD risk factors is 
recommended,9 and preexisting CVD 
should be treated.149

Lifestyle Intervention

The objective of an intervention should 
be helping patients lose body weight 
(7% is recommended, but patient’s 
ethnicity should be considered), increase 
moderate-intensity physical activity levels 
to at least 150 min/wk, and increase fiber 
intake.9 In terms of intervention 
strategies, individual or group (or a 
combination of both) dietary and 
physical activity counseling from health 
care professionals, group educational 
sessions, and tailoring of diet or physical 
activity plans can be used.4,54 For 
promoting lifestyle behavior change, 
helping patients set lifestyle goals, 
providing information on the health 
consequences of current behaviors, and 
using follow-up prompts and plans have 
been shown to be effective behavior 
change techniques.144,155 Similarly, 
empathy, nonjudgmental interactions, and 
specific personalized recommendations 
have been identified as essential 
components of weight loss counseling.156 
Regarding “dose,” a minimum of 4 to 6 
months of weekly weight loss education 
sessions and consistent follow-up for 1 
year are necessary to achieve a clinically 
meaningful weight loss.157 High-intensity 
counseling strategies (>360 minutes of 
total patient time) show greater effects on 
lifestyle and health outcomes than 
medium-intensity counseling (31-360 
minutes).158 Overall, DPPs have been 
shown to be effective across a range of 
counseling intensities, settings, and 
implementers,4 and evidence-based 
strategies to help integrate lifestyle 
promotion in clinical practice are 
available.

Clinician-Based Strategies. Health care 
professionals interested in providing 
individual lifestyle counseling to their 
patients can use existing evidence-based 
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Table 3.

Steps Outlined by IDF149 for the Prevention of Diabetes in High-Risk Individuals.

Identification (risk factors)

•• Demographic: a family history of diabetes, or history of gestational diabetes, and belonging to a high-risk ethnic group (eg, 
African American, Hispanic, Native American, and Asian-Pacific Islanders)

•• Behavioral: overweight or obesity (BMI ≥ 23 kg/m2 in Asian Americans), physical inactivity, unhealthy diet, sedentary 
behavior, smoking

•• Mental: stress, sleeping problems

Measurement (screening)

•• High-risk (one or more risk factors) patients of any age and low-risk patients ≥45 years of age should be screened for 
glucose intolerance

•• HbA1c, FBG, or OGTT are appropriate to identify prediabetes and diabetes cases

•• In people with normal glucose tolerance, testing should be repeated once every 3 years

•• In people with prediabetes, annual diabetes screening is recommended

•• Screening and treatment of modifiable CVD risk factors is recommended

Intervention (prevention)

Health care professionals

•• Individual counseling on diet and physical activity can be provided in routine clinical practice; promotes weight and waist 
circumference reductions among high-risk patients54

•• Evidence-based group diabetes prevention programs such as lifestyle educational sessions delivered by health care 
professionals can reduce body weight among patients at risk162,163

•• Implementing lifestyle counseling and referrals in clinical practice is feasible and cost-effective3,54,136-139,166

•• Practical collaborative approaches between health care practitioners (eg, physicians, nurses, dietitians) show promising 
weight outcomes156

Community

•• Busy practitioners can refer patients to prevention-related resources in the community and collaborate with existing 
programs and resources148

•• Lifestyle referral schemes have the potential to support patient behavior change and maintenance168

•• Physical activity referral schemes have been widely tested and shown to promote small, short-term improvements on 
patients’ physical activity167

Health information technologies (HIT)

•• Electronic health records can be used to screen for physically inactive patients, which promote favorable changes in 
physician practice and patient metabolic outcomes176

•• Physical activity electronic monitors can be used to implement behavior change strategies such as self-monitoring, 
feedback, and environmental change177 and for delivering remote physical activity counseling178

•• Interactive voice response calls are a feasible, wide-reach, and promising strategy to provide physical activity and nutrition 
counseling to patients with prediabetes162

•• The Internet or DVDs can be used to deliver prevention programs and to promote weight loss120,133

•• HIT used in primary care is a feasible, cost-effective and acceptable diabetes prevention strategy172-174

Abbreviations: IDF, International Diabetes Federation; BMI, body mass index; HbA1c, hemoglobin A1c; FBG, fasting blood glucose; OGTT, oral glucose toler-
ance test; CVD, cardiovascular disease.
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tools such as the 5-As (Assess, Advice, 
Assist, Agree, and Arrange) model and 
Brief Action Planning. The 5-As model is 
a 5-step tool designed to assist health 
care providers in their lifestyle 
counseling efforts. The model can help 
health care professionals improve their 
lifestyle and weight loss counseling, 
which can in turn improve patient 
behavior.159,160 Using diet as an example, 
the practitioner first assesses patient’s 
dietary behavior, then advices the patient 
to increase fiber intake, agrees on a 
collaboratively set goal (eg, increasing 
dietary fiber 20-30 g/d), follows with 
assisting the patient on identifying barriers 
to their goal and strategies to overcome 
these, and finally arranges follow-up visits 
and support (see Table 4).

To provide more in-depth behavior 
change counseling, practitioners can turn 
to brief action planning.161 This is a 
highly structured, self-management 
support technique that includes 3 

questions and 5 skills focused on helping 
patients set goals and form action plans 
(ie, when, where, and how to enact a 
goal-directed behavior) to change their 
behavior. With training, using interactive 
Web-based tools and guidelines, brief 
action planning can be learned by health 
care practitioners and used in clinical 
settings.161 However, brief action 
planning takes about 20 minutes to 
complete, whereas the 5-As model can 
take 3 to 5 minutes, which challenges the 
successful incorporation of individual 
lifestyle counseling in busy clinical 
settings.148,156 Recognizing that many 
health care professionals may not have 
time to provide individual counseling, 
other strategies such as group-based, 
lifestyle referrals and health information 
technology have been proposed.

Group and Referral Strategies. The 
implementation of group-based DPPs in 
the clinical setting has been successful in 

reducing diabetes risk while avoiding 
placing time burdens on health care 
practitioners. Examples include DPPs 
consisting of 1 to 6 educational group 
sessions on physical activity and 
healthful eating delivered by health care 
proressionals.162,163 Furthermore, the DPP 
has been adapted for implementation in 
clinical settings,120,133 and course 
curriculum, program materials, and 
training are available to support 
implementation.164,165 If implementing 
group-based lifestyle programs is not 
possible, collaborating with existing 
community-based programs and 
resources is a feasible strategy for 
supporting lifestyle change in clinical 
settings.148

Lifestyle referral strategies in primary 
care are cost-effective,166 whereas 
practical collaborative approaches among 
health care practitioners (eg, physicians, 
nurses, dietitians) show promising weight 
outcomes.156 A great example is the 

Table 4.

Steps Outlined in the 5-As Model for Lifestyle Counseling With Corresponding Tools and Behavior Change Strategies.

Description Useful Tools

Assess Assess the patient’s physical activity and/or diet 
behavior and determine whether it is safe for the 
patient to engage in physical activity

Brief questionnaire in the waiting room, PAVS,176 
screening tool for patients’ eating behaviors184

Advise Advise the patient to increase physical activity and/or 
increase fiber consumption while relating it to his/
her particular diabetes risk, and identify the potential 
benefits of making these changes

ADA Standards of Care for diabetes.
BCTs: provide information on the benefits of changing 

behavior

Agree Agree with the patient on a physical activity and/or diet 
goal, collaboratively create a plan to achieve it, and 
ask the patient what barriers he/she anticipates

Frequency, intensity, time, and type principle, WHO 
physical activity guidelines, ADA Standards of Care for 
diabetes, ACSM exercise prescription guidelines.

BCT: goal setting and barrier identification

Assist Assist the patient in developing strategies to overcome 
the barriers identified and an action plan (a written 
prescription outlining the plan can be provided)

Useful BCTs: coping planning and action planning

Arrange Arrange for follow-up assessment, support, and further 
problem solving

Lifestyle referral schemes, health information 
technologies to help the patient track his/her progress 
and to provide feedback.

BCTs: self-monitoring and problem solving

Abbreviations: 5-As, Assess, Advice, Assist, Agree, and Arrange; PAVS, physical activity vital sign; ADA, American Diabetes Association; BCT, behavior 
change technique; WHO, World Health Organization; ACSM, American College of Sports Medicine.
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physical activity referral scheme, which 
has been widely tested and shown to 
promote small, short-term improvements 
in patients’ physical activity.167 Moreover, 
lifestyle referral schemes have the 
potential to support patient behavior 
change and maintenance while also 
promoting the creation of clinical-
community linkages.168 In line with this, 
the ADA recommends referring high-risk 
patients to weight loss and physical 
activity programs as well as to 
educational programs for lifestyle change 
support.9 Because referring patients to 
lifestyle programs and resources may not 
be enough to promote behavior 
change,169 the collaborative effort 
between clinicians, organizations, and 
community settings is warranted to 
provide patients with healthy eating and 
physical activity opportunities in all 
settings.

Health Information Technology. The use 
of health information technology to 
facilitate behavior change has been 
identified as a promising strategy for 
promoting lifestyle change in the clinical 
context.148 Electronic health records, 
online tools and websites, electronic 
physical activity monitors, and mobile 
technologies (eg, smart phones and 
applications) are among technologies 
that have been developed to assist 
patients in their self-management 
efforts.170,171 Health information 
technology used in primary care 
represents a feasible, cost-effective, and 
acceptable strategy to deliver or augment 
standardized interventions, improve 
patient self-management and access to 
resources, and provide flexibility of care 
services.172-174

A major example of such technologies 
is the electronic health record, which has 
been strongly supported by the US 
federal government to improve diabetes 
prevention and quality of care.175 The 
usefulness of electronic health records 
for identification of obesity and the 
delivery of interventions has also been 
emphasized.156 Through electronic health 
records, the physical activity vital sign, a 
2-question tool to screen for physical 
inactivity, has been implemented in the 

United States, achieving favorable 
changes in physician practice and patient 
metabolic outcomes.176

Health information technologies 
facilitate the delivery of effective 
interventions. Physical activity electronic 
monitors for instance have been used to 
implement behavior change strategies 
such as self-monitoring, feedback, and 
environmental change177 and for physical 
activity counseling in clinical and 
community settings.178 Likewise, 
telephone-based strategies have been 
used to deliver dietary and physical 
activity counseling, which have been 
shown to have a wide patient reach162 
and promote behavior change.179 Other 
strategies include DVD and Internet 
program delivery, both of which have 
shown promising impact on weight 
loss.120,133 Although current evidence 
supporting the use of health information 
technologies for diabetes prevention is 
lacking, such an approach has the 
potential to facilitate the delivery of 
targeted interventions to people with 
prediabetes, accelerate the diffusion of 
new evidence, and generate automatic 
referrals to lifestyle intervention 
programs.180

A Case Study

One example of a comprehensive 
lifestyle intervention that combines the 
elements described above is Exercise is 
Medicine, a program aimed at making 
physical activity part of the standard 
medical care in the US and global health 
care systems.147 Using a multisector, 
multilevel approach, Exercise is Medicine 
is focused on integrating physical activity 
assessment within health care systems, 
creating clinical-community linkages 
through physical activity referrals, and 
advancing health information technologies 
to support patient behavior change.147 
Pilot studies are promising and support 
the feasibility and effectiveness of 
integrating physical activity assessment, 
counseling, and referrals in clinical 
practice.181,182 Comprehensive tools, 
customized physical activity prescriptions 
for several diseases, and resources to help 
health care practitioners and systems 

integrate physical activity promotion in 
their practice are available on the Exercise 
is Medicine website.183

The Exercise is Medicine model can be 
used to guide lifestyle diabetes prevention 
efforts in clinical practice. Comprising 
behavior assessment, counseling, and 
referral steps, the clinical component of 
the model outlines strategies that can help 
patients improve their diabetes-related 
behaviors.147 First, the patient’s physical 
activity and dietary behaviors can be 
assessed using available tools such as the 
physical activity vital sign176 and brief 
dietary and obesity-related behaviors 
questionnaires184-186 or simply by asking 
patients about their lifestyle behaviors. 
Second, brief lifestyle counseling can be 
provided, where health care practitioners 
can turn to the evidence-based tools 
previously described (ie, 5-As model, brief 
action planning) or implement behavior 
change techniques such as informing 
patients on the risks of their current 
behaviors, helping them set behavioral 
goals, and providing support and 
follow-up.144,155,187 Here, health care 
practitioners can offer the patient a verbal 
or written prescription that summarizes 
the patient’s goals or that can be based on 
weight loss, physical activity, and dietary 
recommendations for diabetes 
prevention.9,63 Finally, health care 
practitioners can refer patients to 
self-management resources (eg, websites, 
electronic physical activity monitors, diet 
and exercise tracking apps),177,178,188,189 
individual counseling with physical 
activity and nutrition experts,139,190 or 
existing group-based DPPs and resources 
in the community.112,120,191 The community 
and health information technology 
components of the model can be 
consulted elsewhere.147

Conclusion

Affecting individuals, health care systems, 
economies, and whole societies 
worldwide, diabetes has become a major 
public health threat. Lifestyle intervention 
programs promoting healthy diets, physical 
activity, and modest body weight 
reductions can prevent or delay the onset 
of diabetes among high-risk populations. 
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Evidence supports the efficacy and 
effectiveness of such interventions across 
clinical and community settings, delivery 
formats, and implementers. At-risk 
individuals need education, access to 
ongoing support, and an adequate 
environment to engage in health-
enhancing behaviors. Health care 
practitioners and systems can contribute by 
providing individual counseling, 
establishing referral systems and linkages 
with community programs and resources, 
or by introducing health information 
technologies to screen for unhealthy 
behaviors or deliver interventions. These 
strategies represent opportunities where 
practitioners, communities, and health care 
systems can work together to provide 
individuals with education, support, and 
opportunities to maintain healthy, diabetes-
free lifestyles.

Declaration of 
Conflicting Interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of 
this article.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

Ethical Approval

Not applicable, because this article does not contain any 
studies with human or animal subjects.

Informed Consent

Not applicable, because this article does not contain any 
studies with human or animal subjects.

Trial Registration

Not applicable, because this article does not contain any 
clinical trials. AJLM

References

 1. Guariguata L, Whiting DR, Hambleton I, 
Beagley J, Linnenkamp U, Shaw JE. Global 
estimates of diabetes prevalence for 2013 
and projections for 2035. Diabetes Res Clin 
Pract. 2014;103:137-149.

 2. International Diabetes Federation. Diabetes 
Atlas sixth edition. http://www.idf.org/
diabetesatlas. Accessed November 14, 2015.

 3. Roumen C, Blaak EE, Corpeleijn E. 
Lifestyle intervention for prevention 
of diabetes: determinants of success 
for future implementation. Nutr Rev. 
2009;67:132-146.

 4. Balk EM, Earley A, Raman G, Avendano 
EA, Pittas AG, Remington PL. Combined 
diet and physical activity promotion 
programs to prevent type 2 diabetes among 
persons at increased risk: a systematic 
review for the Community Preventive 
Services Task Force. Ann Intern Med. 
2015;163:437-451.

 5. Gong QH, Kang JF, Ying YY, et al. Lifestyle 
interventions for adults with impaired 
glucose tolerance: a systematic review and 
meta-analysis of the effects on glycemic 
control. Intern Med. 2015;54:303-310.

 6. Danaei G, Lawes CMM, Vander Hoorn S, 
Murray CJL, Ezzati M. Global and regional 
mortality from ischaemic heart disease and 
stroke attributable to higher-than-optimum 
blood glucose concentration: comparative 
risk assessment. Lancet. 2006;368: 
1651-1659.

 7. American Diabetes Association. 
Classification and diagnosis of diabetes. 
Diabetes Care. 2015;38:S8-S16.

 8. National Institute of Diabetes and Digestive 
and Kidney Diseases. Diabetes Prevention 
Program (DPP): Type 2 Diabetes and 
Prediabetes. Bethesda, MD: National 
Diabetes Information Clearinghouse. 
http://diabetes.niddk.nih.gov/dm/pubs/
preventionprogram/. Accessed November 
14, 2015.

 9. American Diabetes Association. Standards 
of Medical Care in Diabetes-2015. Diabetes 
Care. 2015;38(S4).

 10. Nakagami T. Hyperglycaemia and mortality 
from all causes and from cardiovascular 
disease in five populations of Asian origin. 
Diabetologia. 2004;47:385-394.

 11. Peters SAE, Huxley RR, Woodward M. 
Diabetes as a risk factor for stroke in 
women compared with men: a systematic 
review and meta-analysis of 64 cohorts, 
including 775 385 individuals and 12 539 
strokes. Lancet. 2014;383: 
1973-1980.

 12. Forbes JM, Cooper ME. Mechanisms 
of diabetic complications. Physiol Rev. 
2013;93:137-188.

 13. Yang W, Lu J, Weng J, et al. Prevalence of 
diabetes among men and women in China. 
N Engl J Med. 2010;362:1090-1101.

 14. Anjana RM, Pradeepa R, Deepa M, et al. 
Prevalence of diabetes and prediabetes 
(impaired fasting glucose and/or impaired 
glucose tolerance) in urban and rural India: 
phase I results of the Indian Council of 
Medical Research–INdia DIABetes (ICMR–

INDIAB) study. Diabetologia. 2011;54: 
3022-3027.

 15. NHANES—National Health and Nutrition 
Examination. Survey homepage; 2011-2012. 
http://www.cdc.gov/nchs/nhanes.htm. 
Accessed November 14, 2015.

 16. Beagley J, Guariguata L, Weil C, Motala 
AA. Global estimates of undiagnosed 
diabetes in adults. Diabetes Res Clin Pract. 
2014;103:150-160.

 17. Murray CJL, Vos T, Lozano R, et al. 
Disability-adjusted life years (DALYs) for 
291 diseases and injuries in 21 regions, 
1990–2010: a systematic analysis for the 
Global Burden of Disease Study 2010. 
Lancet. 2012;380:2197-2223.

 18. Danaei G, Finucane MM, Lu Y, et al. 
National, regional, and global trends 
in fasting plasma glucose and diabetes 
prevalence since 1980: systematic analysis 
of health examination surveys and 
epidemiological studies with 370 country-
years and 2·7 million participants. Lancet. 
2011;378:31-40.

 19. Centers for Disease Control and 
Prevention. National diabetes statistics 
report, 2014. http://www.cdc.gov/diabetes/
data/statistics/2014statisticsreport.html. 
Accessed March 30, 2014.

 20. Zhang P, Zhang X, Brown J, et al. Global 
healthcare expenditure on diabetes for 
2010 and 2030. Diabetes Res Clin Pract. 
2010;87:293-301.

 21. American Diabetes Association. Economic 
costs of diabetes in the U.S. in 2012. 
Diabetes Care. 2013;36:1033-1046.

 22. Dall TM, Yang W, Halder P, et al. The 
economic burden of elevated blood 
glucose levels in 2012: diagnosed and 
undiagnosed diabetes, gestational diabetes 
mellitus, and prediabetes. Diabetes Care. 
2014;37:3172-3179.

 23. Levitan EB, Song Y, Ford ES, Liu S. Is 
nondiabetic hyperglycemia a risk factor 
for cardiovascular disease? A meta-analysis 
of prospective studies. Arch Intern Med. 
2004;164:2147-2155.

 24. Levitzky YS, Pencina MJ, D’Agostino RB, 
et al. Impact of impaired fasting glucose 
on cardiovascular disease: the Framingham 
Heart Study. J Am Coll Cardiol. 
2008;51:264-270.

 25. Brunner EJ, Shipley MJ, Witte DR, Fuller 
JH, Marmot MG. Relation between blood 
glucose and coronary mortality over 33 
years in the Whitehall study. Diabetes Care. 
2006;29:26-31.

 26. Colagiuri S. Epidemiology of prediabetes. 
Med Clin North Am. 2011;95:299-307.

 27. Echouffo-Tcheugui JB, Ali MK, Griffin 
SJ, Narayan KMV. Screening for type 2 

http://www.idf.org/diabetesatlas
http://www.idf.org/diabetesatlas
http://diabetes.niddk.nih.gov/dm/pubs/preventionprogram/
http://diabetes.niddk.nih.gov/dm/pubs/preventionprogram/
http://www.cdc.gov/nchs/nhanes.htm
http://www.cdc.gov/diabetes/data/statistics/2014statisticsreport.html
http://www.cdc.gov/diabetes/data/statistics/2014statisticsreport.html


16

Jan • Feb 2018American Journal of Lifestyle Medicine

diabetes and dysglycemia. Epidemiol Rev. 
2011;33:63-87.

 28. Lee LT, Alexandrov AW, Howard VJ, 
et al. Race, regionality and pre-diabetes 
in the Reasons for Geographic and Racial 
Differences in Stroke (REGARDS) study. 
Prev Med. 2014;63:43-47.

 29. Gujral UP, Narayan KMV, Kahn SE, 
Kanaya AM. The relative associations of 
β-cell function and insulin sensitivity with 
glycemic status and incident glycemic 
progression in migrant Asian Indians in the 
United States: The MASALA study. J Diabetes 
Complications. 2014;28:45-50.

 30. Cefalu WT, Petersen MP, Ratner RE. The 
alarming and rising costs of diabetes and 
prediabetes: a call for action! Diabetes 
Care. 2014;37:3137-3138.

 31. Edelstein SL, Knowler WC, Bain RP, et al. 
Predictors of progression from impaired 
glucose tolerance to NIDDM: an analysis 
of six prospective studies. Diabetes. 
1997;46:701-710.

 32. Villegas R, Shu XO, Yang G, et al. Energy 
balance and type 2 diabetes: a report from 
the Shanghai Women’s Health Study. Nutr 
Metab Cardiovasc Dis. 2009;19:190-197.

 33. Wang Z, Hoy WE, Si D. Incidence of type 
2 diabetes in Aboriginal Australians: an 
11-year prospective cohort study. BMC 
Public Health. 2010;10:487.

 34. Vissers D, Hens W, Taeymans J, Baeyens 
JP, Poortmans J, Van Gaal L. The effect 
of exercise on visceral adipose tissue in 
overweight adults: a systematic review and 
meta-analysis. PLoS One. 2013;8:e56415.

 35. Shepherd PR, Kahn BB. Glucose 
transporters and insulin action: implications 
for insulin resistance and diabetes mellitus. 
N Engl J Med. 1999;341:248-257.

 36. Fabbrini E, Magkos F, Mohammed BS, 
et al. Intrahepatic fat, not visceral fat, 
is linked with metabolic complications 
of obesity. Proc Natl Acad Sci U S A. 
2009;106:15430-15435.

 37. Shulman GI. Cellular mechanisms of insulin 
resistance. J Clin Invest. 2000;106:171-176.

 38. Furukawa S, Fujita T, Shimabukuro M, 
et al. Increased oxidative stress in obesity 
and its impact on metabolic syndrome. J 
Clin Invest. 2004;114:1752-1761.

 39. Rains JL, Jain SK. Oxidative stress, insulin 
signaling, and diabetes. Free Radic Biol 
Med. 2011;50:567-575.

 40. Slentz CA, Tanner CJ, Bateman LA, et al. 
Effects of exercise training intensity on 
pancreatic beta-cell function. Diabetes 
Care. 2009;32:1807-1811.

 41. Simpson KA, Singh MA. Effects of exercise 
on adiponectin: a systematic review. 
Obesity (Silver Spring). 2008;16:241-256.

 42. Berg AH, Scherer PE. Adipose tissue, 
inflammation, and cardiovascular disease. 
Circ Res. 2005;96:939-949.

 43. Kawano J, Arora R. The role of adiponectin 
in obesity, diabetes, and cardiovascular 
disease. J Cardiometab Syndr. 2009;4:44-49.

 44. Sato Y, Nagasaki M, Nakai N, Fushimi 
T. Physical exercise improves glucose 
metabolism in lifestyle-related diseases. Exp 
Biol Med (Maywood). 2003;228:1208-1212.

 45. Yokoyama H, Mori K, Emoto M, et al. 
Non-oxidative glucose disposal is reduced 
in type 2 diabetes, but can be restored 
by aerobic exercise. Diabetes Obes Metab. 
2008;10:400-407.

 46. Maedler K. Beta cells in type 2 diabetes: 
a crucial contribution to pathogenesis. 
Diabetes Obes Metab. 2008;10:408-420.

 47. Butler AE, Janson J, Bonner-Weir S, Ritzel 
R, Rizza RA, Butler PC. Beta-cell deficit and 
increased beta-cell apoptosis in humans 
with type 2 diabetes. Diabetes. 2003;52:102-
110.

 48. Meier JJ, Bonadonna RC. Role of reduced 
beta-cell mass versus impaired beta-cell 
function in the pathogenesis of type 2 
diabetes. Diabetes Care. 2013;36:S113-S119.

 49. Beaudry JL, Riddell MC. Effects of 
glucocorticoids and exercise on 
pancreatic beta-cell function and diabetes 
development. Diabetes Metab Res Rev. 
2012;28:560-573.

 50. Stumvoll M, Goldstein BJ, van Haeften TW. 
Type 2 diabetes: principles of pathogenesis 
and therapy. Lancet. 2005;365:1333-1346.

 51. Weir GC, Bonner-Weir S. Five stages of 
evolving beta-cell dysfunction during 
progression to diabetes. Diabetes. 
2004;53:S16-S21.

 52. Lee IM, Shiroma EJ, Lobelo F, et al. 
Effect of physical inactivity on major 
non-communicable diseases worldwide: 
an analysis of burden of disease and life 
expectancy. Lancet. 2012;380:219-229.

 53. Ford ES, Williamson DF, Liu S. Weight 
change and diabetes incidence: findings 
from a national cohort of US adults. Am J 
Epidemiol. 1997;146:214-222.

 54. Cardona-Morrell M, Rychetnik L, Morrell 
SL, Espinel PT, Bauman A. Reduction of 
diabetes risk in routine clinical practice: are 
physical activity and nutrition interventions 
feasible and are the outcomes from 
reference trials replicable? A systematic 
review and meta-analysis. BMC Public 
Health. 2010;10:653.

 55. Schellenberg ES, Dryden DM, Vandermeer 
B, Ha C, Korownyk C. Lifestyle 
interventions for patients with and at risk 
for type 2 diabetes: a systematic review 

and meta-analysis. Ann Intern Med. 
2013;159:543-551.

 56. Knowler WC, Barrett-Connor E, Fowler SE, 
et al. Reduction in the incidence of type 
2 diabetes with lifestyle intervention or 
metformin. N Engl J Med. 2002;346:393-403.

 57. Lindstrom J, Ilanne-Parikka P, Peltonen M, 
et al. Sustained reduction in the incidence 
of type 2 diabetes by lifestyle intervention: 
follow-up of the Finnish Diabetes 
Prevention Study. Lancet. 2006;368:1673-
1679.

 58. Florez JC, Jablonski KA, Bayley N, et al. 
TCF7L2 polymorphisms and progression 
to diabetes in the Diabetes Prevention 
Program. N Engl J Med. 2006;355:241-250.

 59. Brito EC, Lyssenko V, Renström F, et al. 
Previously associated type 2 diabetes 
variants may interact with physical activity 
to modify the risk of impaired glucose 
regulation and type 2 diabetes: a study 
of 16,003 Swedish adults. Diabetes. 
2009;58:1411-1418.

 60. Hamman RF, Wing RR, Edelstein SL, 
et al. Effect of weight loss with lifestyle 
intervention on risk of diabetes. Diabetes 
Care. 2006;29:2102-2107.

 61. Uusitupa M, Lindi V, Louheranta A, 
Salopuro T, Lindström J, Tuomilehto 
J. Long-term improvement in insulin 
sensitivity by changing lifestyles of 
people with impaired glucose tolerance: 
4-year results from the Finnish Diabetes 
Prevention Study. Diabetes. 2003;52:2532-
2538.

 62. Thamer C, Machann J, Stefan N, et al. 
High visceral fat mass and high liver fat 
are associated with resistance to lifestyle 
intervention. Obesity. 2007;15:531-538.

 63. World Health Organization. Global 
recommendations on physical activity 
for health. http://whqlibdoc.who.int/
publications/2010/9789241599979_eng.
pdf?ua=1. Accessed November 14, 2015.

 64. Gill JM, Cooper AR. Physical activity and 
prevention of type 2 diabetes mellitus. 
Sports Med. 2008;38:807-824.

 65. Jeon CY, Lokken RP, Hu FB, van Dam RM. 
Physical activity of moderate intensity and 
risk of type 2 diabetes: a systematic review. 
Diabetes Care. 2007;30:744-752.

 66. Chen Z, Black MH, Watanabe RM, et al. 
Self-reported physical activity is associated 
with b-cell function in Mexican American 
adults. Diabetes Care. 2013;36:638-644.

 67. Umpierre D, Ribeiro PB, Kramer CK, 
et al. Physical activity advice only or 
structured exercise training and association 
with HbA1c levels in type 2 diabetes: a 
systematic review and meta-analysis. JAMA. 
2011;305:1790-1799.

http://whqlibdoc.who.int/publications/2010/9789241599979_eng.pdf?ua=1
http://whqlibdoc.who.int/publications/2010/9789241599979_eng.pdf?ua=1
http://whqlibdoc.who.int/publications/2010/9789241599979_eng.pdf?ua=1


17

vol. 12 • no. 1 American Journal of Lifestyle Medicine

 68. Malin SK, Gerber R, Chipkin SR, Braun 
B. Independent and combined effects of 
exercise training and metformin on insulin 
sensitivity in individuals with prediabetes. 
Diabetes Care. 2012;35:131-136.

 69. Fiuza-Luces C, Garatachea N, Berger 
NA, Lucia A. Exercise is the real Polypill. 
Physiology. 2013;28:330-358.

 70. Cho SS, Qi L, Fahey GC, Klurfeld DM. 
Consumption of cereal fiber, mixtures of 
whole grains and bran, and whole grains 
and risk reduction in type 2 diabetes, 
obesity, and cardiovascular disease. Am J 
Clin Nutr. 2013;98:594-619.

 71. Steyn NP, Mann J, Bennett PH, et al. Diet, 
nutrition and the prevention of type 2 
diabetes. Public Health Nutr. 2004;7:147-
165.

 72. de Munter JSL, Hu FB, Spiegelman D, 
Franz M, van Dam RM. Whole grain, 
bran, and germ intake and risk of type 2 
diabetes: a prospective cohort study and 
systematic review. PLoS Med. 2007;4: 
e261.

 73. Malik VS, Popkin BM, Bray GA, Després 
J-P, Willett WC, Hu FB. Sugar-sweetened 
beverages and risk of metabolic syndrome 
and type 2 diabetes: a meta-analysis. 
Diabetes Care. 2010;33:2477-2483.

 74. Makris A, Foster GD. Dietary approaches 
to the treatment of obesity. Psychiatr Clin 
North Am. 2011;34:813-827.

 75. Wolever TM, Mehling C. High-
carbohydrate-low-glycaemic index dietary 
advice improves glucose disposition 
index in subjects with impaired glucose 
tolerance. Br J Nutr. 2002;87:477-487.

 76. Engberg S, Glümer C, Witte DR, Jørgensen 
T, Borch-Johnsen K. Differential 
relationship between physical activity 
and progression to diabetes by glucose 
tolerance status: the Inter99 Study. 
Diabetologia. 2010;53:70-78.

 77. Mozaffarian D, Kamineni A, Carnethon 
M, Djoussé L, Mukamal KJ, Siscovick 
D. Lifestyle risk factors and new-onset 
diabetes mellitus in older adults: the 
cardiovascular health study. Arch Intern 
Med. 2009;169:798-807.

 78. Willi C, Bodenmann P, Ghali WA, Faris PD, 
Cornuz J. Active smoking and the risk of 
type 2 diabetes: a systematic review and 
meta-analysis. JAMA. 2007;298:2654-2664.

 79. Hu FB, Leitzmann MF, Stampfer MJ, Colditz 
GA, Willett WC, Rimm EB. Physical activity 
and television watching in relation to risk 
for type 2 diabetes mellitus in men. Arch 
Intern Med. 2001;161:1542-1548.

 80. Rockette-Wagner B, Edelstein S, Venditti E, 
et al. The impact of lifestyle intervention 
on sedentary time in individuals at 

high risk of diabetes. Diabetologia. 
2015;58:1198-1202.

 81. Boyko EJ, Seelig AD, Jacobson IG, et al. 
Sleep characteristics, mental health, and 
diabetes risk: a prospective study of U.S. 
military service members in the Millennium 
Cohort Study. Diabetes Care. 2013;36:3154-
3161.

 82. Knutson KL, Van Cauter E. Associations 
between sleep loss and increased risk of 
obesity and diabetes. Ann N Y Acad Sci. 
2008;1129:287-304.

 83. Reutrakul S, Van Cauter E. Interactions 
between sleep, circadian function, and 
glucose metabolism: implications for risk 
and severity of diabetes. Ann N Y Acad Sci. 
2014;1311:151-173.

 84. Novak M, Björck L, Giang KW, Heden-Ståhl 
C, Wilhelmsen L, Rosengren A. Perceived 
stress and incidence of type 2 diabetes: a 
35-year follow-up study of middle-aged 
Swedish men. Diabet Med. 2013;30:e8-e16.

 85. Williams E, Magliano D, Tapp R, 
Oldenburg B, Shaw J. Psychosocial stress 
predicts abnormal glucose metabolism: 
the Australian diabetes, obesity and 
lifestyle (AusDiab) study. Ann Behav Med. 
2013;46:62-72.

 86. Diabetes Prevention Program Research 
Group. Reduction in the incidence of type 
2 diabetes with lifestyle intervention or 
metformin. N Engl J Med. 2002;346:393-403.

 87. Lindström J, Louheranta A, Mannelin M, 
et al. The Finnish Diabetes Prevention 
Study (DPS): lifestyle intervention and 
3-year results on diet and physical activity. 
Diabetes Care. 2003;26:3230-3236.

 88. Li G, Zhang P, Wang J, et al. The long-term 
effect of lifestyle interventions to prevent 
diabetes in the China Da Qing Diabetes 
Prevention Study: a 20-year follow-up 
study. Lancet. 2008;371:1783-1789.

 89. Li G, Hu Y, Yang W, et al. Effects of 
insulin resistance and insulin secretion 
on the efficacy of interventions to retard 
development of type 2 diabetes mellitus: 
the DA Qing IGT and Diabetes Study. 
Diabetes Res Clin Pract. 2002;58:193-200.

 90. Ramachandran A, Snehalatha C, Mary 
S, et al. The Indian Diabetes Prevention 
Programme shows that lifestyle 
modification and metformin prevent type 
2 diabetes in Asian Indian subjects with 
impaired glucose tolerance (IDPP-1). 
Diabetologia. 2006;49:289-297.

 91. Saito T, Watanabe M, Nishida J, et al. 
Lifestyle modification and prevention of 
type 2 diabetes in overweight Japanese 
with impaired fasting glucose levels: a 
randomized controlled trial. Arch Intern 
Med. 2011;171:1352-1360.

 92. Diabetes Prevention Program Research 
Group. Long-term effects of lifestyle 
intervention or metformin on diabetes 
development and microvascular 
complications over 15-year follow-up: the 
Diabetes Prevention Program Outcomes 
Study. Lancet Diabetes Endocrinol. 
2015;3:866-875.

 93. Tuomilehto J, Lindström J, Eriksson JG, 
et al. Prevention of type 2 diabetes mellitus 
by changes in lifestyle among subjects with 
impaired glucose tolerance. N Engl J Med. 
2001;344:1343-1350.

 94. Lindstrom J, Peltonen M, Eriksson JG, et al. 
Improved lifestyle and decreased diabetes 
risk over 13 years: long-term follow-up 
of the randomised Finnish Diabetes 
Prevention Study (DPS). Diabetologia. 
2013;56:284-293.

 95. Mason C, Foster-Schubert KE, Imayama 
I, et al. Dietary weight loss and 
exercise effects on insulin resistance in 
postmenopausal women. Am J Prev Med. 
2011;41:366-375.

 96. Saito T, Watanabe M, Nishida J, et al. 
Lifestyle modification and prevention of 
type 2 diabetes in overweight Japanese 
with impaired fasting glucose levels: a 
randomized controlled trial. Arch Intern 
Med. 2011;171:1352-1360.

 97. Sakane N, Sato J, Tsushita K, et al. 
Prevention of type 2 diabetes in a primary 
healthcare setting: three-year results of 
lifestyle intervention in Japanese subjects 
with impaired glucose tolerance. BMC 
Public Health. 2011;11:40.

 98. Gagnon C, Brown C, Couture C, et al. 
A cost-effective moderate-intensity 
interdisciplinary weight-management 
programme for individuals with prediabetes. 
Diabetes Metab. 2011;37:410-418.

 99. Ebbesson SO, Ebbesson LO, Swenson M, 
Kennish JM, Robbins DC. A successful 
diabetes prevention study in Eskimos: the 
Alaska Siberia project. Int J Circumpolar 
Health. 2005;64:409-424.

 100. Lu Y-H, Lu J-M, Wang S-Y, et al. Outcome 
of intensive integrated intervention 
in participants with impaired glucose 
regulation in China. Adv Ther. 2011;28: 
511-519.

 101. Moore SM, Hardie EA, Hackworth NJ, 
et al. Can the onset of type 2 diabetes 
be delayed by a group-based lifestyle 
intervention? A randomised control trial. 
Psychol Health. 2010;26:485-499.

 102. Xu DF, Sun JQ, Chen M, et al. Effects of 
lifestyle intervention and meal replacement 
on glycaemic and body-weight control in 
Chinese subjects with impaired glucose 
regulation: a 1-year randomised controlled 
trial. Br J Nutr. 2013;109:487-492.



18

Jan • Feb 2018American Journal of Lifestyle Medicine

 103. Roumen C, Corpeleijn E,  Feskens EJM, 
Mensink M, Saris WHM, Blaak EE. 
Impact of 3-year lifestyle intervention on 
postprandial glucose metabolism: the SLIM 
study. Diabet Med. 2008;25:597-605.

 104. Yates T, Davies MJ, Sehmi S, Gorely T, 
Khunti K. The Pre-diabetes Risk Education 
and Physical Activity Recommendation and 
Encouragement (PREPARE) programme 
study: are improvements in glucose 
regulation sustained at 2 years? Diabet Med. 
2011;28:1268-1271.

 105. Wong CK, Fung CS, Siu SC, et al. A short 
message service (SMS) intervention to 
prevent diabetes in Chinese professional 
drivers with pre-diabetes: a pilot single-
blinded randomized controlled trial. 
Diabetes Res Clin Pract. 2013;102:158-166.

 106. Kang JY, Cho SW, Sung SH, Park YK, 
Paek YM, Choi TI. Effect of a continuous 
diabetes lifestyle intervention program on 
male workers in Korea. Diabetes Res Clin 
Pract. 2010;90:26-33.

 107. Oldroyd JC, Unwin NC, White M, Imrie K, 
Mathers JC, Alberti KGMM. Randomised 
controlled trial evaluating the effectiveness 
of behavioural interventions to modify 
cardiovascular risk factors in men and 
women with impaired glucose tolerance: 
outcomes at 6 months. Diabetes Res Clin 
Pract. 2001;52:29-43.

 108. Kawahara T, Takahashi K, Inazu T, et al. 
Reduced progression to type 2 diabetes 
from impaired glucose tolerance after a 
2-day in-hospital diabetes educational 
program: the Joetsu diabetes prevention 
trial. Diabetes Care. 2008;31:1949-1954.

 109. Kosaka K, Noda M, Kuzuya T. Prevention 
of type 2 diabetes by lifestyle intervention: 
a Japanese trial in IGT males. Diabetes Res 
Clin Pract. 2005;67:152-162.

 110. Diabetes Prevention Program Research 
Group; Knowler WC, Fowler SE, Hamman 
RF, et al. 10-Year follow-up of diabetes 
incidence and weight loss in the Diabetes 
Prevention Program Outcomes Study. 
Lancet. 2009;374:1677-1686.

 111. Ackermann RT, Finch EA, Brizendine 
E, Zhou H, Marrero DG. Translating the 
Diabetes Prevention Program into the 
Community: The DEPLOY Pilot Study. Am J 
Prev Med. 2008;35:357-363.

 112. Ackermann RT, Finch EA, Caffrey HM, 
Lipscomb ER, Hays LM, Saha C. Long-term 
effects of a community-based lifestyle 
intervention to prevent type 2 diabetes: the 
DEPLOY extension pilot study. Chronic 
Illn. 2011;7:279-290.

 113. Vanderwood KK, Hall TO, Harwell TS, 
Butcher MK, Helgerson SD. Implementing 
a state-based cardiovascular disease and 

diabetes prevention program. Diabetes 
Care. 2010;33:2543-2545.

 114. Benyshek DC, Chino M, Dodge-Francis C, 
Begay TO, Jin H, Giordano C. Prevention 
of type 2 diabetes in urban American 
Indian/Alaskan Native communities: The 
Life in BALANCE pilot study. J Diabetes 
Mellitus. 2013;3:184-191.

 115. Boltri JM, Davis-Smith M, Okosun IS, Seale 
JP, Foster B. Translation of the National 
Institutes of Health Diabetes Prevention 
Program in African American churches. J 
Natl Med Assoc. 2011;103:194-202.

 116. Dallam GM, Foust CP. A comparative 
approach to using the diabetes prevention 
program to reduce diabetes risk in a 
worksite setting. Health Promot Pract. 
2013;14:199-204.

 117. Faridi Z, Shuval K, Njike VY, et al. Partners 
reducing effects of diabetes (PREDICT): 
a diabetes prevention physical activity 
and dietary intervention through African-
American churches. Health Educ Res. 
2010;25:306-315.

 118. Islam NS, Zanowiak JM, Wyatt LC, et al. 
Diabetes prevention in the New York 
City Sikh Asian Indian community: a pilot 
study. Int J Environ Res Public Health. 
2014;11:5462-5486.

 119. Ma J, Yank V, Xiao L, et al. Translating 
the diabetes prevention program lifestyle 
intervention for weight loss into primary 
care: a randomized trial. JAMA Intern Med. 
2013;173:113-121.

 120. Piatt GA, Seidel MC, Powell RO, Zgibor 
JC. Comparative effectiveness of lifestyle 
intervention efforts in the community: 
Results of the Rethinking Eating and 
ACTivity (REACT) study. Diabetes Care. 
2013;36:202-209.

 121. Vadheim LM, McPherson C, Kassner DR, 
et al. Adapted diabetes prevention program 
lifestyle intervention can be effectively 
delivered through telehealth. Diabetes 
Educ. 2010;36:651-656.

 122. Whittemore R, Melkus G, Wagner J, 
Dziura J, Northrup V, Grey M. Translating 
the diabetes prevention program to 
primary care: a pilot study. Nurs Res. 
2009;58:2-12.

 123. Sattin R, Williams L, Dias J, et al. 
Community trial of a faith-based lifestyle 
intervention to prevent diabetes among 
African-Americans [published online 
July 28, 2015]. J Community Health. 
doi:10.1007/s10900-015-0071-8.

 124. Benyshek DC, Chino M, Dodge-Francis C, 
Begay TO, Jin H, Giordano C. Prevention 
of type 2 diabetes in urban American 
Indian/Alaskan Native communities: the 
Life in BALANCE pilot study. J Diabetes 
Mellitus. 2013;3:184-191.

 125. Davis-Smith YM, Boltri JM, Seale JP, 
Shellenberger S, Blalock T, Tobin B. 
Implementing a diabetes prevention 
program in a rural African-American 
church. J Natl Med Assoc. 2007;99:440-446.

 126. Katula JA, Vitolins MZ, Morgan TM, et al. 
The Healthy Living Partnerships to Prevent 
Diabetes study: 2-year outcomes of a 
randomized controlled trial. Am J Prev Med. 
2013;44(4, suppl 4):S324-S332.

 127. Kramer MK, Vanderwood KK, Eaglehouse 
YL, et al. Diabetes prevention efforts in the 
community are effective for older, at-risk 
adults. Diabetes. 2014;63:A3.

 128. Ali MK, Echouffo-Tcheugui JB, Williamson 
DF. How effective were lifestyle 
interventions in real-world settings that 
were modeled on the diabetes prevention 
program? Health Affairs. 2012;31:67-75.

 129. Dunkley AJ, Bodicoat DH, Greaves CJ, 
et al. Diabetes prevention in the real 
world: effectiveness of pragmatic lifestyle 
interventions for the prevention of type 2 
diabetes and of the impact of adherence to 
guideline recommendations: a systematic 
review and meta-analysis. Diabetes Care. 
2014;37:922-933.

 130. Guide to Community Preventive Services. 
Diabetes prevention and control: combined 
diet and physical activity promotion 
programs to prevent type 2 diabetes 
among people at increased risk. http://
www.thecommunityguide.org/diabetes/
combineddietandpa.html. Accessed 
November 14, 2015.

 131. International Diabetes Federation. A guide 
to national diabetes programmes. http://
www.idf.org/sustainable-diabetes-and-ncd-
policy-and-prevention. Accessed November 
14, 2015.

 132. World Health Organization. Global action 
plan for the prevention and control of 
NCDs 2013-2020. http://apps.who.int/iris/
bitstream/10665/94384/1/9789241506236_
eng.pdf. Accessed November 14, 2015.

 133. Ma J, Yank V, Xiao L, et al. Translating 
the diabetes prevention program lifestyle 
intervention for weight loss into primary 
care: a randomized trial. JAMA Intern Med. 
2013;173:113-121.

 134. Endevelt R, Peled R, Azrad A, Kowen 
G, Valinsky L, Heymann AD. Diabetes 
prevention program in a Mediterranean 
environment: individual or group therapy? 
An effectiveness evaluation. Prim Care 
Diabetes. 2015;9:89-95.

 135. Saaristo T, Moilanen L, Korpi-Hyovalti E, 
et al. Lifestyle intervention for prevention 
of type 2 diabetes in primary health care: 
one-year follow-up of the Finnish National 
Diabetes Prevention Program (FIN-D2D). 
Diabetes Care. 2010;33:2146-2151.

http://www.thecommunityguide.org/diabetes/combineddietandpa.html
http://www.thecommunityguide.org/diabetes/combineddietandpa.html
http://www.thecommunityguide.org/diabetes/combineddietandpa.html
http://www.idf.org/sustainable-diabetes-and-ncd-policy-and-prevention
http://www.idf.org/sustainable-diabetes-and-ncd-policy-and-prevention
http://www.idf.org/sustainable-diabetes-and-ncd-policy-and-prevention
http://apps.who.int/iris/bitstream/10665/94384/1/9789241506236_eng.pdf
http://apps.who.int/iris/bitstream/10665/94384/1/9789241506236_eng.pdf
http://apps.who.int/iris/bitstream/10665/94384/1/9789241506236_eng.pdf


19

vol. 12 • no. 1 American Journal of Lifestyle Medicine

 136. Saha S, Gerdtham UG, Johansson 
P. Economic evaluation of lifestyle 
interventions for preventing diabetes and 
cardiovascular diseases. Int J Environ Res 
Public Health. 2010;7:3150-3195.

 137. Garrett S, Elley CR, Rose SB, O’Dea D, 
Lawton BA, Dowell AC. Are physical 
activity interventions in primary care and 
the community cost-effective? A systematic 
review of the evidence. Br J Gen Pract. 
2011;61:e125-e133.

 138. Murphy SM, Edwards RT, Williams 
N, Raisanen L, Moore G, Linck P. An 
evaluation of the effectiveness and cost 
effectiveness of the National Exercise 
Referral Scheme in Wales, UK: a 
randomised controlled trial of a public 
health policy initiative. J Epidemiol 
Community Health. 2012;66:745-753.

 139. Hogg WE, Zhao X, Angus D, et al. The cost 
of integrating a physical activity counselor 
in the primary health care team. J Am 
Board Fam Med. 2012;25:250-252.

 140. Dawes D, Ashe M, Campbell K, et al. 
Preventing diabetes in primary care: a 
feasibility cluster randomized trial. Can J 
Diabetes. 2015;39:111-116.

 141. Burnet DL, Elliott LD, Quinn MT, Plaut 
AJ, Schwartz MA, Chin MH. Preventing 
diabetes in the clinical setting. J Gen Intern 
Med. 2006;21:84-93.

 142. LeFevre ML. Behavioral counseling to 
promote a healthful diet and physical 
activity for cardiovascular disease 
prevention in adults with cardiovascular 
risk factors: U.S. Preventive Services Task 
Force recommendation statement. Ann 
Intern Med. 2014;161:587-593.

 143. US Preventive Services Task Force. USPSTF 
A and B recommendations. http://www.
uspreventiveservicestaskforce.org/Page/
Name/uspstf-a-and-b-recommendations. 
Accessed November 14, 2015.

 144. Artinian NT, Fletcher GF, Mozaffarian D, 
et al. Interventions to promote physical 
activity and dietary lifestyle changes for 
cardiovascular risk factor reduction in 
adults: a scientific statement from the 
American Heart Association. Circulation. 
2010;122:406-441.

 145. Barnes PM, Schoenborn CA. Trends in 
adults receiving a recommendation for 
exercise or other physical activity from 
a physician or other health professional. 
NCHS Data Brief. 2012;(86):1-8.

 146. Hebert ET, Caughy MO, Shuval K. Primary 
care providers’ perceptions of physical 
activity counselling in a clinical setting: 
a systematic review. Br J Sports Med. 
2012;46:625-631.

 147. Lobelo F, Stoutenberg M, Hutber H. 
The Exercise is Medicine® global health 

initiative: a 2014 update. Br J Sports Med. 
2014;48:1627-1633.

 148. McPhail S, Schippers M. An evolving 
perspective on physical activity counselling 
by medical professionals. BMC Fam Pract. 
2012;13:31.

 149. International Diabetes Federation. The high 
risk approach. http://www.idf.org/diabetes-
prevention/high-risk-approach. Accessed 
November 14, 2015.

 150. Lindström J, Tuomilehto J. The Diabetes 
Risk Score: a practical tool to predict type 2 
diabetes risk. Diabetes Care. 2003;26: 
725-731.

 151. Bang H, Edwards AM, Bomback AS, 
et al. A patient self-assessment diabetes 
screening score: development, validation, 
and comparison to other diabetes risk 
assessment scores. Ann Intern Med. 
2009;151:775-783.

 152. Heikes KE, Eddy DM, Arondekar B, 
Schlessinger L. Diabetes risk calculator: 
a simple tool for detecting undiagnosed 
diabetes and pre-diabetes. Diabetes Care. 
2008;31:1040-1045.

 153. Narayan KMV, Gujral UP. Evidence tips the 
scale toward screening for hyperglycemia. 
Diabetes Care. 2015;38:1399-1401.

 154. US Preventive Services Task Force. 
Final Recommendation Statement: 
Abnormal Blood Glucose and Type 2 
Diabetes Mellitus: Screening http://www.
uspreventiveservicestaskforce.org/Page/
Document/RecommendationStatementFinal/
screening-for-abnormal-blood-glucose-
and-type-2-diabetes#copyright. Accessed 
November 2015

 155. Sanchez A, Bully P, Martinez C, Grandes G. 
Effectiveness of physical activity promotion 
interventions in primary care: a review of 
reviews. Prev Med. 2014;76:S56-S67.

 156. Rao G, Burke LE, Spring BJ, et al. New 
and emerging weight management 
strategies for busy ambulatory settings: 
a scientific statement from the American 
Heart Association endorsed by the Society 
of Behavioral Medicine. Circulation. 
2011;124:1182-1203.

 157. Venditti E, Kramer MK. Necessary 
components for lifestyle modification 
interventions to reduce diabetes risk. Curr 
Diab Rep. 2012;12:138-146.

 158. US Preventive Services Task Force. 
2014 Final Recommendation Statement. 
Healthful diet and physical activity for 
cardiovascular disease prevention in 
adults: behavioral counseling. http://
www.uspreventiveservicestaskforce.
org/Page/Document/
RecommendationStatementFinal/
healthful-diet-and-physical-activity-for-
cardiovascular-disease-prevention-in-adults-

behavioral-counseling. Accessed November 
14, 2015.

 159. Estabrooks P, Glasgow R, Dzewaltowski 
D. Physical activity promotion through 
primary care. JAMA. 2003;(289):22.

 160. Alexander SC, Cox ME, Boling Turer CL, 
et al. Do the five A’s work when physicians 
counsel about weight loss? Fam Med. 
2011;43:179-184.

 161. Gutnick D, Reims K, Davis C, Gainforth 
H, Jay M, Cole S. Brief action planning 
to facilitate behavior change and 
support patient self-management. JCOM. 
2014;21:17-29.

 162. Estabrooks PA, Smith-Ray RL. Piloting a 
behavioral intervention delivered through 
interactive voice response telephone 
messages to promote weight loss in a pre-
diabetic population. Patient Educ Couns. 
2008;72:34-41.

 163. Janus ED, Best JD, Davis-Lameloise N, 
et al. Scaling-up from an implementation 
trial to state-wide coverage: results from 
the preliminary Melbourne Diabetes 
Prevention Study. Trials. 2012;13:152.

 164. Venditti EM, Kramer MK. Diabetes 
prevention program community outreach 
perspectives on lifestyle training and 
translation. Am J Prev Med. 2013;44(4, 
suppl 4):S339-S345.

 165. Kramer MK, Kriska AM, Venditti EM, 
et al. Translating the diabetes prevention 
program. Am J Prev Med. 2009;37:505-511.

 166. Murphy SM, Edwards RT, Williams N, 
et al. An evaluation of the effectiveness 
and cost effectiveness of the National 
Exercise Referral Scheme in Wales, UK: 
a randomised controlled trial of a public 
health policy initiative. J Epidemiol 
Community Health. 2012;66:745-753.

 167. Williams NH, Hendry M, France B, Lewis 
R, Wilkinson C. Effectiveness of exercise-
referral schemes to promote physical 
activity in adults: systematic review. Br J 
Gen Pract. 2007;57:979-986.

 168. Holtrop JS, Dosh SA, Torres T, Thum 
YM. The Community Health Educator 
Referral Liaison (CHERL). Am J Prev Med. 
2008;35:S365-S372.

 169. Pavey T, Anokye N, Taylor A, Trueman 
P, Moxham T. The clinical effectiveness 
and cost-effectiveness of exercise referral 
schemes: a systematic review and 
economic evaluation. Health Technol 
Assess. 2011;15:254.

 170. Tao D, Or CK. Effects of self-management 
health information technology on 
glycaemic control for patients with 
diabetes: a meta-analysis of randomized 
controlled trials. J Telemed Telecare. 
2013;19:133-143.

http://www.uspreventiveservicestaskforce.org/Page/Name/uspstf-a-and-b-recommendations
http://www.uspreventiveservicestaskforce.org/Page/Name/uspstf-a-and-b-recommendations
http://www.uspreventiveservicestaskforce.org/Page/Name/uspstf-a-and-b-recommendations
http://www.idf.org/diabetes-prevention/high-risk-approach
http://www.idf.org/diabetes-prevention/high-risk-approach
http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/screening-for-abnormal-blood-glucose-and-type-2-diabetes#copyright
http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/screening-for-abnormal-blood-glucose-and-type-2-diabetes#copyright
http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/screening-for-abnormal-blood-glucose-and-type-2-diabetes#copyright
http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/screening-for-abnormal-blood-glucose-and-type-2-diabetes#copyright
http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/screening-for-abnormal-blood-glucose-and-type-2-diabetes#copyright
http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/healthful-diet-and-physical-activity-for-cardiovascular-disease-prevention-in-adults-behavioral-counseling
http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/healthful-diet-and-physical-activity-for-cardiovascular-disease-prevention-in-adults-behavioral-counseling
http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/healthful-diet-and-physical-activity-for-cardiovascular-disease-prevention-in-adults-behavioral-counseling
http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/healthful-diet-and-physical-activity-for-cardiovascular-disease-prevention-in-adults-behavioral-counseling
http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/healthful-diet-and-physical-activity-for-cardiovascular-disease-prevention-in-adults-behavioral-counseling
http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/healthful-diet-and-physical-activity-for-cardiovascular-disease-prevention-in-adults-behavioral-counseling
http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/healthful-diet-and-physical-activity-for-cardiovascular-disease-prevention-in-adults-behavioral-counseling


20

Jan • Feb 2018American Journal of Lifestyle Medicine

 171. Goldberg L, Lide B, Lowry S, et al. Usability 
and accessibility in consumer health 
informatics: current trends and future 
challenges. Am J Prev Med. 2011;40(5, 
suppl 2):S187-S197.

 172. Hong Y, Goldberg D, Dahlke DV, et al. 
Testing usability and acceptability of a Web 
application to promote physical activity 
(iCanFit) among older adults. JMIR Hum 
Factors. 2014;1:e2.

 173. Dixon D, Johnston M. Health Behaviours 
Change Competency Framework: 
Competencies to Deliver Interventions to 
Change Lifestyle Behaviours That Affect 
Health. Edinburgh, UK: The Scottish 
Government; 2010.

 174. Illiger K, Hupka M, von Jan U, Wichelhaus 
D, Albrecht UV. Mobile technologies: 
expectancy, usage, and acceptance of 
clinical staff and patients at a university 
medical center. JMIR mHealth uHealth. 
2014;2:e42.

 175. Bipartisan Policy Center Task Force on 
Delivery System Reform and Health IT. 
Transforming health care: the role of health 
IT. http://bipartisanpolicy.org/events/
transforming-health-care-role-health-it-110/. 
Accessed November 14, 2015.

 176. Grant R, Schmittdiel J, Neugebauer R, 
Uratsu C, Sternfeld B. Exercise as a vital 
sign: a quasi-experimental analysis of 
a health system intervention to collect 
patient-reported exercise levels. J Gen 
Intern Med. 2014;29:341-348.

 177. Lyons EJ, Lewis ZH, Mayrsohn BG, 
Rowland JL. Behavior change techniques 
implemented in electronic lifestyle activity 
monitors: a systematic content analysis. J 
Med Internet Res. 2014;16:e192.

 178. Tao D, Or CK. Effects of self-management 
health information technology on 
glycaemic control for patients with 
diabetes: a meta-analysis of randomized 

controlled trials [published online April 5, 
2013]. J Telemed Telecare. doi:10.1177/1357
633X13479701.

 179. Eakin EG, Lawler SP, Vandelanotte C, 
Owen N. Telephone interventions for 
physical activity and dietary behavior 
change: a systematic review. Am J Prev 
Med. 2007;32:419-434.

 180. Ahmad FS, Tsang T. Diabetes prevention, 
health information technology, and 
meaningful use: challenges and 
opportunities. Am J Prev Med. 2013;44(4, 
suppl 4):S357-S363.

 181. Gallegos-Carrillo K, Garcia-Pena C, 
Salmeron J, Salgado-de-Snyder V, Vazquez-
Cabrer G, Lobelo F. Exercise-referral 
scheme to promote physical activity among 
hypertensive patients: design of a cluster 
randomized trial in the Primary Health Care 
Units of Mexico’s Social Security System. 
BMC Public Health. 2014;14:706.

 182. Galaviz K, Lévesque L, Kotecha J. 
Evaluating the effectiveness of a physical 
activity referral scheme among women. J Prim 
Care Community Health. 2013;4: 
167-171.

 183. Exercise is Medicine. http://
exerciseismedicine.org/. Accessed 
November 14, 2015.

 184. Greenwood JL, Murtaugh MA, Omura 
EM, Alder SC, Stanford JB. Creating a 
clinical screening questionnaire for eating 
behaviors associated with overweight and 
obesity. J Am Board Fam Med. 2008;21: 
539-548.

 185. Soroudi N, Wylie-Rosett J, Mogul D. Quick 
WAVE screener: a tool to address weight, 
activity, variety, and excess. Diabetes Educ. 
2004;30:616-640.

 186. Segal-Issacson CJ, Wylie-Rosett J, Gans KM. 
Validation of a short dietary assessment 
questionnaire: the Rapid Eating and 
Activity Assessment for Participants short 

version (REAP-S). Diabetes Educ. 2004;30: 
774-781.

 187. Greaves C, Sheppard K, Abraham C, 
et al. Systematic review of reviews of 
intervention components associated with 
increased effectiveness in dietary and 
physical activity interventions. BMC Public 
Health. 2011;11:119.

 188. Vaes AW, Cheung A, Atakhorrami M, 
et al. Effect of “activity monitor-based” 
counseling on physical activity and health-
related outcomes in patients with chronic 
diseases: a systematic review and meta-
analysis. Ann Med. 2013;45: 
397-412.

 189. Khaylis A, Yiaslas T, Bergstrom J, Gore-
Felton C. Review of efficacious technology-
based weight-loss interventions: five 
key components. Telemed J E Health. 
2010;16:931-938.

 190. Fortier M, Hogg W, O’Sullivan T, et al. 
Impact of integrating a physical activity 
counsellor into the primary health care 
team: physical activity and health outcomes 
of the Physical Activity Counselling 
randomized controlled trial. Appl Physiol 
Nutr Metab. 2011;36:503-514.

 191. Kramer MK, Miller RG, Siminerio LM. 
Evaluation of a community Diabetes 
Prevention Program delivered by diabetes 
educators in the United States: one-
year follow up. Diabetes Res Clin Pract. 
2014;106:e49-e52.

 192. Narayan KM, Weber MB. Screening for 
hyperglycemia: the gateway to diabetes 
prevention and management for all 
Americans. Ann Intern Med. 2015;162: 
795-796.

 193. Ali MK, Bullard KM, Gregg EW, Del Rio 
C. A cascade of care for diabetes in the 
United States: visualizing the gaps. Ann 
Intern Med. 2014;161:681-689.

http://bipartisanpolicy.org/events/transforming-health-care-role-health-it-110/
http://bipartisanpolicy.org/events/transforming-health-care-role-health-it-110/
http://exerciseismedicine.org/
http://exerciseismedicine.org/

