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Based on the International Diabetes Federation, the prevalence of type 2 diabetes
(T2D) in adults is 6.9% and will increase to 17% by 2030.1 Despite the widely funded
research in the past decades to reduce the prevalence and the incidence of T2D, it
remains one of the most costly chronic conditions to treat.2 The prevalence of T2D is
especially high in overweight and obese individuals.3 For example, obese individuals
are 42.1 times more likely to develop T2D after a 5-year follow-up compared to normal
weight individuals.4 Interestingly, this association seems to persist and strengthen over
time. As proof of this statement, a prospective study of 10,920 men and 8,227 women
showed that an overweight adult is 2.7 (2.1–3.6) times more likely to develop T2D and
that risk increases to 7.2 (5.3–10.0) after 30 years.5 One of the strategies to reduce the
incidence of T2D is to intervene before the development of the disease in a population at high risk for T2D; this is commonly referred to as prediabetes. Management of
prediabetes is highly relevant considering that between 29% and 93% of individuals
with prediabetes will develop T2D in the years following their diagnosis.6

521

submit your manuscript | www.dovepress.com

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2014:7 521–529

Dovepress

© 2014 Sénéchal et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution – Non Commercial (unported, v3.0)
License. The full terms of the License are available at http://creativecommons.org/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted without any further
permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on
how to request permission may be found at: http://www.dovepress.com/permissions.php

http://dx.doi.org/10.2147/DMSO.S62367
Powered by TCPDF (www.tcpdf.org)

Abstract: Prediabetes is defined as impaired fasting glucose and/or impaired glucose
tolerance. Impaired fasting glucose is usually defined as fasting blood glucose between
5.6 mmol/L and 6.9 mmol/L (100.8–124.2 mg/dL), and impaired glucose tolerance is the
2-hour oral glucose tolerance test of 7.8–11.0 mmol/L (140.4–198.0 mg/dL). Most individuals
with prediabetes are overweight or obese and are at greater risk of type 2 diabetes (T2D).
The first line of treatment for individuals with prediabetes is lifestyle modification, including diet and exercise. The aim of this review, through the revision of primarily randomized
control trials, is to discuss the independent and combined effect of diet and exercise on the
incidence of T2D, glycemic control, and weight loss in adults with prediabetes. Based on
the available literature, lifestyle modification combining both diet and exercise is effective
at reducing the incidence of T2D and improving glycemic control, even without a significant
reduction in body weight. Thus, it is unclear whether weight loss, through lifestyle modification, is a cornerstone for improving glycemic control in individuals with prediabetes. The
independent effect of diet or exercise alone on the improvement in glycemic control and/or
reduction in body weight in individuals with prediabetes still requires more studies to draw
a clear conclusion, considering the quality and quantity of available studies. As of now, the
best diet and/or exercise program to improve glycemic control and body weight in adults
with prediabetes is unknown.
Keywords: diabetes, glycemic control, weight loss, nutrition, physical activity, obese
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What is prediabetes?
As of now, there is no worldwide unified definition for
prediabetes. Impaired fasting glucose (IFG) and/or an
impaired glucose tolerance (IGT) measured after a 2-hour
oral glucose tolerance test (OGTT) is generally used to identify individuals with prediabetes. The cut-points for IFG and
IGT diverge across countries, but usually IFG is defined as a
fasting plasma glucose ranging between 5.6 and 6.9 mmol/L
(100.8–124.2 mg/dL), while IGT is defined by values of
plasma glucose ranging between 7.8 and 11.0 mmol/L
(140.4–198.0 mg/dL) 2 hours following an OGTT.7 Recently,
the American Diabetes Association suggested that glycosylated hemoglobin (HbA1c) between 5.7% and 6.4% should
also be used to identify individuals with prediabetes.7 The use
of different criteria to identify individuals with prediabetes
leads to a wide variation in the magnitude of risk associated
with the development of T2D.7 Despite different criteria to
identify individuals with prediabetes, a better understanding
of modifiable risk factors (diet and exercise) is needed to better manage prediabetes given that individuals with IFG are
4.6 times more likely to have T2D8 and that risk increases to
6.3 for individuals with IGT and reaches 12.1 if an individual
presents both IFG and IGT.8
Many studies have aimed to identify the best intervention to improve glycemic control in individuals with
prediabetes.9,10 This included pharmacotherapy11–13 and/or
lifestyle modification with diet, exercise, or both.14–17 Even
though lifestyle modification seems to offer a more holistic
approach and significant short- and long-term results,15 clinicians still struggle to find the right program that would be
cost effective,18,19 well tolerated by patients, and available in
different settings.10,20 Lifestyle modification is the primary
intervention with overweight and obese individuals with
prediabetes because a healthy lifestyle is associated with a
high risk of T2D as well as many other chronic diseases.21
Nonetheless, drug therapy to prevent T2D in people with
prediabetes is constantly being studied.22 A systematic review
reported that no single agent could be recommended to delay
or prevent T2D. In addition, the authors of the review suggested that longer follow-up studies are needed in order to
assess safety and efficacy.23 Since then, the DREAM study
reported that the use of rosiglitazone (8 mg daily) reduced
T2D incidence after 3 years in patients with prediabetes and
recommended its clinical usage.24

Selection of articles
Using mostly randomized controlled trials (RCTs), this
review aims to discuss the current literature on the ben-
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efits of lifestyle modifications in reducing the incidence of
T2D and body weight, and improving glycemic control in
individuals with prediabetes. Even though a few articles
included in the current review did not exclusively recruit
individuals who were considered overweight or obese at
baseline, all studies aimed to reduce body weight as part of
their objectives, and most did subanalysis with body mass
index (BMI) subcategories. All studies included in this review
had individuals with prediabetes defined by either IFG and/or
IGT. The originality of this review resides in the fact that it
distinguishes the independent and combined effect of diet
and exercise in individuals with prediabetes.
A PubMed search was done in March 2014 using the
following Boolean phrases: prediabetes AND lifestyle intervention; prediabetes AND exercise intervention; prediabetes
AND diet intervention. From these searches, 6, 30, and 72
articles, respectively, were found. Filters pinpointed articles
that were published in English and involved human adults,
and participants were overweight or obese and classified as
having prediabetes either by IFG or IGT. Additional search
material was located by scrutinizing the reference section of
previously identified articles. Articles with an intervention
exploring the impact of diet, exercise, or both were included
in this review. The focus was placed, but not restricted to,
RCT studies. This review will start by discussing the impact
of lifestyle modification (diet + exercise) on the incidence of
T2D, glycemic control, and weight loss. Second, the impact
of diet alone on the same outcomes is discussed, and, finally,
the impact of exercise alone on the incidence of T2D, glycemic control, and weight loss is discussed. Some studies
overlapped by having the three types of intervention in the
same study. If that was the case, the results of these studies
were discussed in all three sections (diet + exercise, diet,
exercise) of the review.

Lifestyle modifications, glycemic
control, and body weight
In the past 20 years, a growing interest on the effect of exercise and diet in the reduction of prevalence and incidence
of T2D has been observed in the scientific literature. The
Diabetes Prevention Program (DPP),14 the Finnish Diabetes
Prevention Study (DPS),17 and the Da-Qing trial25 are seen
as milestones in the field because of their strong design,
large sample size, and long-term follow-up. Together, they
have significantly enhanced the knowledge with regard to
the impact of lifestyle (exercise + diet) modifications on the
incidence of T2D and glycemic control in individuals with
prediabetes. Even though some argue that these lifestyle
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interventions were cost effective,26 others have reported
that the cost was too high and the required resources were
too considerable to implement them widely.27 Some even
criticized that the results observed in those large trials were
optimistic because those studies included volunteers.28
In the DPP study,14 3,234 overweight individuals with
prediabetes were recruited and randomized to one of
three groups: 1) placebo, 2) metformin, and 3) lifestyle
intervention. The lifestyle intervention group was asked to
reduce their body weight by 7% by creating an energy deficit
with diet (healthier diet) and exercise (.150 minutes per
week) by using a one-on-one approach for 24 weeks with
weekly meetings, and then monthly contacts afterward. The
main goal was to compare the incidence of T2D across the
three groups with the hypothesis that the lifestyle intervention
would provide a greater reduction in incidence of T2D. After
2.8 years, the lifestyle intervention group had a reduction
of 58% in the incidence of T2D compared to the placebo
group. When performing a subanalysis, obese individuals
had a slightly greater reduction in the incidence of T2D
(61%). Interestingly, the benefit of the lifestyle intervention was maintained after 10 years’ follow-up where the
reduction in the incidence of T2D was still 34% lower in the
lifestyle group compared to the placebo group.15 In terms
of glycemic levels, both fasting plasma glucose and HbA1c
were lower in the lifestyle modification group compared
with the control group after the initial study lasting a mean
of 2.8 years.14 Exactly the same findings were reported after
10 years of follow-up.15 Together, these results strongly
suggest that lifestyle intervention is a cornerstone in the
management of prediabetes in both overweight and obese
individuals. In 2006, Ramachandran et al29 reported similar
results when replicating the method with native Asian Indians
who are known to be at high risk of T2D. Over a follow-up
of 30 months, including a total of 531 native Asian Indians
with prediabetes, the study has shown that it was possible
to reduce the incidence of T2D in this high-risk population
when combining diet and exercise, compared to the control
group (incidence of 39.3% vs 55.0%, respectively).
Similarly to the DPP, the DPS study included
522 overweight men and women with IGT randomized to
either a control or a lifestyle group (diet + exercise) in Finns
instead of Americans. The lifestyle intervention aimed at
reducing the body weight by a minimum of 5% by reducing
total calories from fat, saturated fat, and increasing fiber, in
addition to doing 30 minutes more of physical activity per
day.17 After a follow-up of 3.2 years, the incidence of T2D
was reduced by 58% in the lifestyle group. The reduction
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of T2D incidence was directly associated with changes in
lifestyle. Compared to the control group, in which a mean
reduction of 0.8% was observed in fasting glucose and 5.4%
on the 2-hour OGTT, a mean change in fasting glucose of
3.6% (P#0.001) and a mean change of 15.3% on the 2-hour
OGTT (P=0.003) was observed in the lifestyle group. When
followed for another 7 years, the reduction in relative risk
for T2D was still 36% lower in the lifestyle group compared
to the control group.30 In 2009, the European Diabetes
Prevention Study extended the DPS to different European
populations using the same study design and found similar
results.31 After a mean duration of 3.1 years, the absolute
incidence of T2D was 32.7 per 1,000 person-years in the
lifestyle intervention group compared with 67.1 per 1,000
person-years in the control group.
In the Da Qing study,25 577 individuals with IGT were
recruited, from whom 322 (55.8%) were overweight or obese.
They were randomized to a control group, a diet group, an
exercise group, or a group combining both (lifestyle group).
Participants were instructed to increase physical activity by
one to two units per day, one unit equaling 30 minutes of light
exercise, 20 minutes of moderate intensity exercise, 10 minutes of strenuous exercise, or 5 minutes of very strenuous
exercise. A total of 30 visits were scheduled for each group:
weekly for the first month, monthly for the next 3 months,
and once every 3 months thereafter. The diet targeted a
reduction of 0.5–1.0 kg/month by caloric restriction. As a
result, the incidence of T2D in participants who received
the lifestyle intervention had a mean of 46%, the diet group
44%, and the exercise group 41% when compared to the
control group, in which the incidence was 68%. More details
about the independent impact on the groups using only
diet and only exercise are given in the next sections. After
6 years, the values of fasting glucose and the 2-hour OGTT
increased in both lifestyle and control groups, but a smaller
increase was observed in the group of participants receiving
the lifestyle modification program. For example, the OGTT
result increased by 29.7% in the control group compared to
19.4% in the intervention group. When evaluating this intervention over a 20-year follow-up,16 the authors combined all
participants receiving one or the other treatment in the initial
study (diet, exercise, and both) and compared them with the
control group. The results showed a 43% lower incidence of
T2D, and participants in the lifestyle group spent 3.6 fewer
years with diabetes compared with participants in the control
group. Both the fasting glucose and the 2-hour glucose level
following an OGTT were significantly different between
participants in the lifestyle modification program and
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p articipants in the control group. For example, fasting glucose
was 7.9±4.2 mmol/L (142.2±75.6 mg/dL) in the intervention
group versus 8.7±4.2 mmol/L (156.6±75.6 mg/dL) (P,0.05)
in the control group.
Despite the convincing results of the benefits of lifestyle
modification using diet and exercise to reduce T2D incidence,
there is some concern about the high cost and the necessary
resources to conduct these interventions. As a result, many
studies have tried to reproduce similar findings with a costeffective approach since then. For example, Saito et al32
conducted an RCT study with 641 overweight individuals.
The control group received lifestyle advice once per year,
while the intervention group received lifestyle advice four
times in 12 months (7.5 times less than the DPP study). The
goal was to create a caloric deficit by exercise and diet and
reduce body weight by about 5%. The results have shown that
lifestyle modification could prevent the incidence of T2D in
individuals with prediabetes by 59%. Both the fasting glucose
(P=0.02) and the 2-hour glucose level following an OGTT
(P=0.001) were significantly different between participants
in the lifestyle modification group and the control group.
After 12 months of intervention, an increase in walking time
was observed in the intervention group, but no difference
was observed in total caloric intake, suggesting that exercise such as walking was the cornerstone of better glycemic
control in the intervention group. These results also suggest
that lifestyle modification is effective in reducing T2D incidence, even with a less intensive intervention. Another study
tried to replicate the DPP findings in a cost-effective way33
by focusing on changing the participant’s lifestyle using a
combination of individual and group meetings. Individuals
with prediabetes were randomized to either a 1-year lifestyle
modification which included individualized counseling every
6 weeks and 25 weekly optional group seminars or to a group
receiving only access to group seminars. The last group was
considered as the control group because no individual sessions were offered. While both groups significantly improved
their fasting blood glucose, only a significant reduction on
the 2-hour OGTT (P#0.05) was observed in the intervention
group (receiving individual sessions in addition to group
seminars). In addition, noone developed T2D in the group +
individualized sessions during the intervention compared
with 11.5% in the control group. Gagnon et al33 concluded
that the cost of their program combining group and individual sessions was about $81 per year, which is much less
than the yearly estimated cost of the DPP ($926 per year).34
Controversially, using a longer follow-up, and more individual appointments compared with the study of Gagnon
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et al,33 Oldroyd et al35 conducted a lifestyle modification
program randomizing participants with IGT to a control or an
intervention group. The intervention group aimed to reduce
BMI to 25 kg/m2 through diet and exercise (.20–30 minutes
daily). Over the first 6 months, individuals in the lifestyle
intervention group received twelve individual appointments
with a dietitian and a physiotherapist, while no advice was
provided for individuals in the control group. After a total
of 24 months, the incidence of T2D was not significantly
different between groups (22% in each group), which means
that there was no improvement between groups in both fasting glucose and the 2-hour plasma glucose after 12 months
and 24 months. Even though the authors argued that their
results were similar to those observed in more intensive trials because of a significant change in insulin sensitivity, this
study suggests that the intervention in lifestyle modification
programs needs more than 12 individual visits to optimize
the reduction in T2D incidence. A recent study also tried to
implement a lifestyle modification program similar to the
DPP in 301 overweight and obese adults with prediabetes in
a cost-effective way using community resources.36 The study
design compared the group undergoing the lifestyle modification program to a control group. The lifestyle intervention
aimed to reduce body weight by 7% by increasing physical
activity levels and reducing energy intake. After 24 months,
the authors showed a significant decrease in fasting blood
glucose (mean difference 2.0%; P,0.01) compared with
the control group. This study highlights that an intervention
held in community-based sites and administrated by registered dietitians and community health workers is efficient in
improving glycemic control in individuals with prediabetes
with a modest weight loss. However, even though the intervention was mostly group meetings and run by community
workers, participants in the intervention group were also met
weekly for the first 24 weeks, had three individual meetings,
and were contacted biweekly thereafter.
The typical weight loss recommendation to improve
metabolic health, specific to overweight and obese individuals
with prediabetes, ranges between 5% and 10% of the initial
body weight.37 One study has reported that weight loss is one
of the most important predictors of change in glucose tolerance, suggesting that even a slight weight loss is enough to
improve glycemic control in individuals with prediabetes.38
Most studies including individuals with prediabetes show that
lifestyle modification programs using diet and exercise are
effective in reaching that recommendation. For example, the
lifestyle intervention group in the DPP study reduced their
body weight by a mean of 5.6 kg (6.3%).14 In a sample of
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slightly older subjects (mean =55±7 years vs 51±11 years),17
the DPS study reported a mean weight loss of 4.2±5.1 kg
(4.7%) following a lifestyle intervention program. These
results are meaningful because they were observed after
2.8 years and 3.2 years, respectively. Similarly, the Da Qing
Study reported a meaningful decrease in BMI after a 6-year
follow-up, but after a 20-year follow-up the body weight
was not significantly different between the control and the
intervention group, even though the incidence of T2D was
reduced by 51%,16 suggesting that initial weight loss is important despite slow weight regain over many years.
To sum up, most studies investigating the impact of
modifying diet along with exercise in individuals with prediabetes, in order to improve glycemic control, support that
lifestyle modification is effective in reducing the progression of prediabetes toward T2D. However, more studies are
needed to determine how intense (eg, the number of meetings,
group/individual) those interventions need to be in order to
observe optimal benefits, and whether exercise or diet alone
can offer similar benefits. In addition, it is still unclear how
to deliver such interventions at the population level in a cost
effective way.

Diet, glycemic control, and body
weight
In this section, we pinpoint interventions that independently
evaluated how dietary modification might impact glycemic
control or body weight in individuals with prediabetes.
Surprisingly, only a few well-designed studies have looked
at diet alone25,39–42 as a strategy to improve glycemic control or body weight in individuals with prediabetes.22,35–38
Nonetheless, some studies with both diet and exercise interventions showed significant changes in glycemic control or
body weight in individuals with prediabetes. For example, the
DPP study focused on a low-calorie diet and a low-fat diet
by doing one-to-one meetings on a weekly basis for the first
24 weeks, and monthly group meetings afterward to reinforce
behavioral changes.14 The DPS17 focused on the diet intervention on the total intake of fat, and more particularly on
saturated fat (,10%) and fiber intake ($15 g/1000 kcal). For
example, they recommended the consumption of whole-grain
products, fruits, low-fat milk, low-fat meat, soft margarines,
and monosaturated oils.
The following section reports studies that have looked at
the impact of diet alone on glycemic control or body weight
in individuals with prediabetes. Watanabe et al42 randomized
individuals with prediabetes to either a dietary education
program aimed at reducing total daily energy intake by

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2014:7

Benefits of lifestyle for people with prediabetes

reducing energy intake at dinner time or a control group
who received general recommendations on healthy eating.
The purpose of this 1-year study was to investigate whether
the dietary education program was capable of reducing body
weight and improving glycemic control in individuals at
high risk of diabetes. The results showed that the diet group
significantly reduced energy intake by 15.3% compared to
6.0% in the control group. This reduction was associated with
a 15% improvement in glucose tolerance in the diet group.
Therefore, they concluded that reducing the overall calories
improves glycemic control in individuals with prediabetes.
Specific to diet quality, Swinburn et al41 investigated the
long-term effect of a diet aimed at reducing fat intake, using
an ad libitum diet, on body weight and glycemic control in
individuals with prediabetes. After a 1-year dietary intervention, they observed a significant reduction in body weight for
participants in the intervention group (−3.3 kg; P=0.03). This
change in body weight was associated with a reduction in
the proportion of individuals who developed T2D in the diet
group compared to the control group (47% vs 67%). Despite
this interesting result, the body weight that was lost was
regained 5 years following the intervention. In addition, the
difference in incidence of T2D between both groups did not
remain statistically different. At year 5, secondary analysis
was performed and an overall effect of the intervention on
glucose tolerance was found in compliant participants (still
eating less fat), but this difference disappeared when controlling for the total calorie intake. Therefore, this study suggests
that the long-term effect of a diet on the incidence of T2D
is mainly driven by the total caloric intake, in individuals
with prediabetes.
Controversially, a subanalysis of the DPS study39 showed
that specific diet components were important to predict T2D
incidence in people with prediabetes. The authors teased out
the contribution of fat and fiber as independent predictors of
weight loss and the incidence of T2D in individuals with IGT.
They reported that individuals in the highest quartile of fat
consumption were 55% less likely to reach a minimum weight
loss of 5%, while individuals in the highest quartile of fiber
were 2.6 times more likely to reach 5% weight loss after 3
years of follow-up. Similarly, a 62% decrease in the risk of
incidence of T2D was observed for individuals in the highest
quartile of fiber, while individuals in the highest quartile of
fat were 2.1 times more likely to develop T2D. When fiber
and fat were combined into a single variable, the authors
compared high fat/low fiber to the reference group (low fat/
high fiber) and observed an 89% increase in the likelihood
of developing T2D over the follow-up period. These results
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strongly suggest that the management of macronutrients such
as fat and fiber is an important factor to be considered in the
prevention of T2D.
In the Da Qing study,25 the independent effect of diet
was studied. The diet was composed of 55%–65% carbohydrates, 10%–15% proteins, and 25%–30% fats. During the
counseling sessions, it was suggested to increase vegetables
consumption, control alcohol intake, and reduce simple
sugar in order to reduce total caloric intake. The weight loss
goal was 0.5–1.0 kg per month until participants reached a
BMI of 23 kg/m2. Change in body weight was not significant
in the diet group compared with the control group, which
might be explained by the fact that the diet group did not
decrease the total energy intake despite a change in macronutrients. Nevertheless, the diet group had a significantly
lower incidence of T2D compared with the control group
(43.8% vs 67.7%; P,0.05) after 6 years of follow-up.
When the findings were restricted to the overweight and
obese individuals, the results were similar, with a 6-year
lower incidence of diabetes (100 person-years) in the diet
group: 11.5 (8.0–15.0) compared to the control group 17.2
(13.3–21.3) P,0.05. This study concluded that diet is an
intervention that significantly reduces the incidence of T2D
in overweight and obese individuals with IGT, despite the
absence of weight loss.
A study in 2013 by Gagnon et al33 looked at whether
an individualized dietary intervention of 3 months, in
65 individuals with prediabetes, had the same impact on
fasting blood glucose and body weight compared to a
group receiving group sessions during the same period.
Both groups significantly improved their fasting blood
glucose without any significant change in body weight
after 12 months. However, it should be noted that HbA1c
improved in the group receiving individual sessions, but not
in the other group. This suggests that some advantage might
be obtained by doing individual versus group sessions if the
resources are available.
To sum up, dietary interventions evaluating the ability to
induce a significant reduction on body weight and improve
glycemic control in individuals with prediabetes are scarce,
as the main focus has been on caloric restriction. There is
a gap to be filled in understanding the benefits on modifying macronutriments and/or micronutriments to influence
glycemic control with or without weight loss in individuals
with prediabetes. For the moment, the literature available
suggests that reducing caloric intake can lead to an improvement in glycemic control despite no or modest weight loss. In
addition, one well-designed study has provided information
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that reducing fat intake and increasing fiber intake might be
a strategy that could lead to a reduction in T2D incidence in
people with prediabetes.39

Exercise, glycemic control, and body
weight
This section discusses how increasing exercise levels impacts
glycemic control and body weight in individuals with
prediabetes. Surprisingly, even though exercise is considered
a cornerstone in the management of obesity43 and T2D,44
not many well-designed studies have investigated the independent effect of exercise and the best mode (eg, resistance
training, walking) of exercise on body weight and glycemic
control in individuals with prediabetes. Another lacking
component is whether the intensity of exercise is an important factor in optimizing the health benefits. Despite the
lack of such information, most physical activity guidelines
suggest doing two types of exercises: aerobic and resistance
training.45,46 A recent meta-analysis provided insight into
whether a combination of lifestyle interventions including
diet, aerobic exercise, and resistance training was effective
at reducing body weight and improving glycemic control
to prevent T2D47 and concluded that doing resistance training on top of aerobic exercises and diet did have additional
benefits.
Even though the independent impact of exercise is
unknown in studies using diet + exercise to reduce T2D
incidence, in people with prediabetes some studies showed
significant changes in glycemic control or body weight in
individuals with prediabetes, and their exercise program must
be noted. Even though not many details were given on the
exercise recommended in the DPP study,14 it was reported that
information was given on a one-on-one basis to participants
so that they would reach a minimum of 150 minutes weekly
of moderate intensity aerobic exercises. On the other hand,
the DPS17 gave more details about physical activity. Their
goal was to increase physical activity by 30 minutes each
day. Aerobic exercises were recommended, but supervised
resistance training sessions were also offered. In both of the
DPP and the DPS, no detail was given of how the exercise
intensity was monitored. The DPS also reported, later in 2010,
that, as participants increased their physical activity level
(highest tertile of change), they were more likely to reduce
their fasting glucose even when the results were adjusted for
changes in dietary intake and change in body weight.48
Some studies have compared the impact of resistance
training, aerobic training, and both on glycemic control and
body weight. For example, a study explored the impact of
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different exercise modalities in individuals with prediabetes.49
In this study, 26 sedentary men were recruited and randomized in the resistance training group, aerobic group, or
control for an intervention lasting 20 weeks. Both exercise
modalities showed results that were successful at normalizing glucose levels compared with the control group, with
no difference between the exercise modality groups. Using a
6-year follow-up, Pan et al,25 with the Da Qing study, tested
the independent impact of exercise on individuals with IGT.
The exercise intervention consisted of encouraging the
141 participants in that group to increase aerobic physical
activity by a minimum of one to two exercise units, defined as
30 minutes of light exercise, 20 minutes of moderate intensity,
10 minutes of vigorous intensity, or 5 minutes of very strenuous exercise per day, for 6 years. Counseling sessions were
conducted once a week for the first month, monthly for the
next 3 months, and every 3 months for the remainder of the
study. The exercise units went from 3.4±2.8 to 4.0±3.0 in the
exercise group during the 6-year follow-up, which turned
out to be a nonsignificant increase. Changes in BMI were
not different in the exercise group compared to the control
group (−0.9 unit in each group), but the incidence of T2D
was about three times lower in the exercise group compared
with the control group (5.1 [95% confidence interval {CI}:
2.6–7.6] vs 13.3 [95% CI: 8.9–17.7]); P,0.01). The exercise
group has even reported a smaller incidence of T2D compared
with the diet + exercise group (41% vs 46%).25 Secondary
analysis restricted to overweight and obese individuals
showed a lower incidence of T2D in the exercise group
compared to the control group (11.5 [95% CI: 8.0–15.0] vs
17.2 [95% CI: 13.3–21.3]; P,0.01). The conclusion made
was that exercise alone was as effective as diet + exercise to
reduce diabetes incidence in individuals with IGT despite no
significant change in body weight. This conclusion is aligned
with studies showing the benefits of exercise without weight
loss50 or with the concept of “fit-fat” which suggests that high
fitness attenuates the risk of T2D and cardiovascular diseases
independent of body weight.51
In 2012, Malin et al52 recruited individuals with prediabetes with 32 participants in four different groups: exercise +
placebo, metformin, exercise + metformin, or placebo. The
goal was to evaluate the benefits of combining metformin
and exercise. Exercise sessions included aerobic exercise and
resistance training. All groups increased insulin sensitivity
compared to baseline (P,0.05), but the exercise + placebo
group had a greater improvement (25%–30%) compared to
the other groups. In addition, the improvement in insulin
sensitivity was only significantly different in the group
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e xercise + placebo compared to the control group, while
no such difference was observed in the group exercise +
metformin, which suggests that the benefits of exercise were
even counteracted when consuming metformin.
More recently, a study aimed at testing whether walking alone was sufficient to influence glycemic control and
whether there was an advantage in combining both resistance
training and walking in individuals with prediabetes.53 Sixtyone participants (age 49.8±4.8 years) with prediabetes were
randomized to the control group, the walking group, or the
walking group + resistance training for a 24-week duration.
The walking group was exercising at 60%–70% of maximum
heart rate for a duration of 50 minutes, four times per week,
while the walking group + resistance training was walking
for 20 minutes and doing resistance training for 30 minutes
using seven different exercises (two to three series of
15 repetitions). The results showed that both intervention
groups showed a significant improvement in glycemic control
as reflected by glucose disposal, fasting insulin, and insulin
resistance, compared with the control group, but no difference was observed between the two exercise interventions.
The authors concluded that walking was sufficient to improve
glycemic control in individuals with prediabetes.
To sum up this section, the current literature supports the
use of exercise alone to reduce T2D incidence in people with
prediabetes, even when no significant weight loss is observed.
However, not many details on the optimal intensity, duration,
or type of exercise to optimize the effect are available. In
general, the successful studies have combined 1–2 days of
resistance training in addition to aerobic exercise at moderate
intensity for about 150 minutes weekly.

Conclusion
In conclusion, there are currently many well-designed studies
that show that lifestyle modifications, including exercise and
diet, are associated with improvement in glycemic control,
which translates into a reduction in T2D incidence in individuals with prediabetes. The current literature suggests that
the reduction of T2D incidence observed during lifestyle
modification is not necessarily associated with a significant
reduction in body weight. The independent effects of diet
and exercise in individuals with prediabetes on glycemic
control and body weight need to be addressed in more
detail. Currently, it is not clear whether we should target
a specific macronutrient or what exercise modality should
be emphasized to optimize the benefits for individuals with
prediabetes. More rigorous studies with long-term follow-up
are needed to evaluate the impact of different macronutrients
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and exercise modality on glycemic control and weight loss
in such individuals. This would help in providing better
management for adults living with prediabetes. However,
despite the lack of details, lifestyle modifications definitely
improve short- and long-term glycemic control and need to
be promoted in clinical settings.

Acknowledgments
We would like to thank the Manitoba Health Research Council, the Canadian Institute of Health Research, and the Integrated and Mentored Pulmonary and Cardiovascular Training
that support the salary and the training of Dr Sénéchal.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence
of diabetes for 2010 and 2030. Diabetes Res Clin Pract. 2010;87(1):
4–14.
2. King H, Aubert RE, Herman WH. Global burden of diabetes,
1995–2025: prevalence, numerical estimates, and projections. Diabetes
Care. 1998;21(9):1414–1431.
3. Wharton S, Sharma AM, David CW. Canadian Diabetes Association
2013 Clinical Practice Guidelines for the Prevention and Management of
Diabetes in Canada: Weight Management in Diabetes. Can J Diabetes.
2013;37(Suppl 1):S1–S216.
4. Chan JM, Rimm EB, Colditz GA, Stampfer MJ, Willett WC. Obesity,
fat distribution, and weight gain as risk factors for clinical diabetes in
men. Diabetes Care. 1994;17(9):961–969.
5. Hart CL, Hole DJ, Lawlor DA, Davey Smith G. How many cases of Type 2
diabetes mellitus are due to being overweight in middle age? Evidence from
the Midspan prospective cohort studies using mention of diabetes mellitus
on hospital discharge or death records. Diabet Med. 2007;24(1):73–80.
6. Nathan DM, Davidson MB, DeFronzo RA, et al. Impaired fasting glucose and impaired glucose tolerance: implications for care. Diabetes
Care. 2007;30(3):753–759.
7. Buysschaert M, Bergman M. Definition of prediabetes. Med Clin North
Am. 2011;95(2):289–297; vii.
8. Gerstein HC, Santaguida P, Raina P, et al. Annual incidence and relative risk of diabetes in people with various categories of dysglycemia:
a systematic overview and meta-analysis of prospective studies.
Diabetes Res Clin Pract. 2007;78(3):305–312.
9. Gillies CL, Abrams KR, Lambert PC, et al. Pharmacological and lifestyle interventions to prevent or delay type 2 diabetes in people with
impaired glucose tolerance: systematic review and meta-analysis. BMJ.
2007;334(7588):299.
10. Lauritzen T, Borch-Johnsen K, Sandbaek A. Is prevention of Type-2
diabetes feasible and efficient in primary care? A systematic PubMed
review. Prim Care Diabetes. 2007;1(1):5–11.
11. Chiasson JL, Josse RG, Gomis R, et al; STOP-NIDDM Trail Research
Group. Acarbose for prevention of type 2 diabetes mellitus: the
STOP-NIDDM randomised trial. Lancet. 2002;359(9323):2072–2077.
12. Knowler WC, Hamman RF, Edelstein SL, et al; Diabetes Prevention Program Research Group. Prevention of type 2 diabetes with troglitazone in
the Diabetes Prevention Program. Diabetes. 2005;54(4):1150–1156.
13. Torgerson JS, Hauptman J, Boldrin MN, Sjostrom L. XENical in the
prevention of diabetes in obese subjects (XENDOS) study: a randomized
study of orlistat as an adjunct to lifestyle changes for the prevention of
type 2 diabetes in obese patients. Diabetes Care. 2004;27(1):155–161.

528

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

Dovepress
14. Knowler WC, Barrett-Connor E, Fowler SE, et al; Diabetes Prevention
Program Research Group. Reduction in the incidence of type 2 diabetes
with lifestyle intervention or metformin. N Engl J Med. 2002;346(6):
393–403.
15. Diabetes Prevention Program Research Group, Knowler WC,
Fowler SE, et al. 10-year follow-up of diabetes incidence and weight
loss in the Diabetes Prevention Program Outcomes Study. Lancet.
2009;374(9702):1677–1686.
16. 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(9626):1783–1789.
17. Tuomilehto J, Lindström J, Eriksson JG, et al; Finnish Diabetes
Prevention Study Group. Prevention of type 2 diabetes mellitus by
changes in lifestyle among subjects with impaired glucose tolerance.
N Engl J Med. 2001;344(18):1343–1350.
18. Bloomgarden ZT. American College of Endocrinology Pre-Diabetes
Consensus Conference: part three. Diabetes Care. 2008;31(12):
2404–2409.
19. Hoerger TJ, Hicks KA, Sorensen SW, et al. Cost-effectiveness of
screening for pre-diabetes among overweight and obese US adults.
Diabetes Care. 2007;30(11):2874–2879.
20. Kenealy T, Kyle C, Simmons D. Personal impact of type 2 diabetes
decreased over 5 years: implications for motivating patients. Prim Care
Diabetes. 2008;2(1):17–23.
21. Nechuta SJ, Shu XO, Li HL, et al. Combined impact of lifestyle-related
factors on total and cause-specific mortality among Chinese women:
prospective cohort study. PLoS Med. 2010;7(9):e1000339.
22. Henness S. Pharmacological interventions in the prevention of type 2
diabetes. Curr Opin Endocrinol Diabetes Obes. 2007;14(2):166–169.
23. Padwal R, Majumdar SR, Johnson JA, Varney J, McAlister FA.
A systematic review of drug therapy to delay or prevent type 2 diabetes.
Diabetes Care. 2005;28(3):736–744.
24. DREAM (Diabetes REduction Assessment with ramipril and rosiglitazone Medication) Trial Investigators, Gerstein HC, Yusuf S, et al. Effect
of rosiglitazone on the frequency of diabetes in patients with impaired
glucose tolerance or impaired fasting glucose: a randomised controlled
trial. Lancet. 2006;368(9541):1096–1105.
25. Pan XR, Li GW, Hu YH, et al. Effects of diet and exercise in preventing
NIDDM in people with impaired glucose tolerance. The Da Qing IGT
and Diabetes Study. Diabetes Care. 1997;20(4):537–544.
26. Lawlor MS, Blackwell CS, Isom SP, et al. Cost of a group translation
of the Diabetes Prevention Program: Healthy Living Partnerships to
Prevent Diabetes. Am J Prev Med. 2013;44(4 Suppl 4):S381–S389.
27. Eddy DM, Schlessinger L, Kahn R. Clinical outcomes and costeffectiveness of strategies for managing people at high risk for diabetes.
Ann Intern Med. 2005;143(4):251–264.
28. Tuomilehto J, Schwarz P, Lindstrom J. Long-term benefits from lifestyle
interventions for type 2 diabetes prevention: time to expand the efforts.
Diabetes Care. 2011;34(suppl 2):S210–S214.
29. Ramachandran A, Snehalatha C, Mary S, et al; Indian Diabetes
Prevention Programme (IDPP). 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(2):289–297.
30. Lindström J, Ilanne-Parikka P, Peltonen M, et al; Finnish Diabetes
Prevention Study Group. Sustained reduction in the incidence of type 2
diabetes by lifestyle intervention: follow-up of the Finnish Diabetes
Prevention Study. Lancet. 2006;368(9548):1673–1679.
31. Penn L, White M, Oldroyd J, Walker M, Alberti KG, Mathers JC.
Prevention of type 2 diabetes in adults with impaired glucose tolerance:
the European Diabetes Prevention RCT in Newcastle upon Tyne, UK.
BMC Public Health. 2009;9:342.
32. Saito T, Watanabe M, Nishida J, et al; Zensharen Study for Prevention of Lifestyle Diseases Group. 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(15):1352–1360.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2014:7

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy downloaded from https://www.dovepress.com/ by 35.172.136.29 on 29-Jul-2021
For personal use only.

Dovepress
33. 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(5):410–418.
34. Herman WH, Hoerger TJ, Brandle M, et al; Diabetes Prevention Program
Research Group. The cost-effectiveness of lifestyle modification or
metformin in preventing type 2 diabetes in adults with impaired glucose
tolerance. Ann Intern Med. 2005;142(5):323–332.
35. Oldroyd JC, Unwin NC, White M, Mathers JC, Alberti KG. Randomised
controlled trial evaluating lifestyle interventions in people with impaired
glucose tolerance. Diabetes Res Clin Pract. 2006;72(2):117–127.
36. 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.
37. Pasanisi F, Contaldo F, de Simone G, Mancini M. Benefits of sustained moderate weight loss in obesity. Nutr Metab Cardiovasc Dis.
2001;11(6):401–406.
38. Mensink M, Blaak EE, Vidal H, De Bruin TW, Glatz JF, Saris WH.
Lifestyle changes and lipid metabolism gene expression and protein
content in skeletal muscle of subjects with impaired glucose tolerance.
Diabetologia. 2003;46(8):1082–1089.
39. Lindström J, Peltonen M, Eriksson JG, et al. High-fibre, low-fat diet predicts
long-term weight loss and decreased type 2 diabetes risk: the Finnish
Diabetes Prevention Study. Diabetologia. 2006;49(5):912–920.
40. Ryan AS, Ortmeyer HK, Sorkin JD. Exercise with calorie restriction
improves insulin sensitivity and glycogen synthase activity in obese
postmenopausal women with impaired glucose tolerance. Am J Physiol
Endocrinol Metab. 2012;302(1):E145–E152.
41. Swinburn BA, Metcalf PA, Ley SJ. Long-term (5-year) effects of a
reduced-fat diet intervention in individuals with glucose intolerance.
Diabetes Care. 2001;24(4):619–624.
42. Watanabe M, Yamaoka K, Yokotsuka M, Tango T. Randomized controlled trial of a new dietary education program to prevent type 2
diabetes in a high-risk group of Japanese male workers. Diabetes Care.
2003;26(12):3209–3214.
43. Jensen MD, Ryan DH, Apovian CM, et al. 2013 AHA/ACC/TOS guideline for the management of overweight and obesity in adults: a report
of the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines and The Obesity Society. J Am Coll
Cardiol. 2014;63(25 pt B):2985–3023.

Benefits of lifestyle for people with prediabetes
44. Centers for Disease Control and Prevention. CfDCa. Awareness of
Prediabetes – United States, 2005–2010. 2013; Available at http://www.
cdc.gov/mmwr/preview/mmwrhtml/mm6211a4.htm. Accessed October
24, 2014.
45. Tremblay MS, Warburton DE, Janssen I, et al. New Canadian physical
activity guidelines. Appl Physiol Nutr Metab. 2011;36(1):36–46;
47–58.
46. World Health Organization. WHO Global Recommendation on Physical
Activity for Health; 2010. Available at http://www.who.int/dietphysicalactivity/factsheet_recommendations/en/. Accessed October 24,
2014.
47. Aguiar EJ, Morgan PJ, Collins CE, Plotnikoff RC, Callister R. Efficacy
of interventions that include diet, aerobic and resistance training
components for type 2 diabetes prevention: a systematic review with
meta-analysis. Int J Behav Nutr Phys Act. 2014;11:2.
48. Ilanne-Parikka P, Laaksonen DE, Eriksson JG, et al; Finnish Diabetes
Prevention Study Group. Leisure-time physical activity and the
metabolic syndrome in the Finnish diabetes prevention study. Diabetes
Care. 2010;33(7):1610–1617.
49. Smutok MA, Reece C, Kokkinos PF, et al. Effects of exercise training
modality on glucose tolerance in men with abnormal glucose regulation.
Int J Sports Med. 1994;15(6):283–289.
50. Ross R, Janssen I, Dawson J, et al. Exercise-induced reduction in obesity
and insulin resistance in women: a randomized controlled trial. Obes
Res. 2004;12(5):789–798.
51. Duncan GE. The “fit but fat” concept revisited: population-based estimates using NHANES. Int J Behav Nutr Phys Act. 2010;7:47.
52. 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(1):131–136.
53. Liu Y, Li J, Zhang Z, Tang Y, Chen Z, Wang Z. Effects of exercise
intervention on vascular endothelium functions of patients with
impaired glucose tolerance during prediabetes mellitus. Exp Ther Med.
2013;5(6):1559–1565.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy

Publish your work in this journal
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy is
an international, peer-reviewed open-access journal committed to
the rapid publication of the latest laboratory and clinical findings
in the fields of diabetes, metabolic syndrome and obesity research.
Original research, review, case reports, hypothesis formation, expert

Dovepress

opinion and commentaries are all considered for publication. The
manuscript management system is completely online and includes a
very quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

Submit your manuscript here: http://www.dovepress.com/diabetes-metabolic-syndrome-and-obesity-targets-and-therapy-journal

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2014:7

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

529

