Lifestyle management: preventing Type 2 diabetes

and cardiovascular complications

For individuals with Type 2 diabetes, cardiovascular disease is the principle cause of morbidity and mortality.
Lifestyle management is recognized as being an essential part of diabetes and cardiovascular disease
prevention. Meta-analyses demonstrate that lifestyle interventions, including diet and physical activity,
led to a 63% reduction in diabetes incidence in those at high risk. ‘Real-world’ lifestyle modification
programs have demonstrated encouraging improvement in risk factors for diabetes; however, the effect
on diabetes incidence has not been reported. It has been demonstrated that lifestyle interventions reduce
cardiovascular risk factors; however, data on long-term cardiovascular outcomes is lacking. The aim of this
review is to discuss the current evidence of lifestyle interventions in the prevention of diabetes and

cardiovascular disease.
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Type 2 diabetes

Cardiovascular disease (CVD) is the principle
cause of morbidity and mortality in individu-
als with Type 2 diabetes mellitus (T2DM), and
individuals with T2DM experience at least a
twofold greater risk of CVD than the general
population [1]. Impaired glucose tolerance (IGT)
and impaired fasting glycemia (IFG) are also
associated with an increased risk of CVD [2,3], as
is the metabolic syndrome [45]. The prevalence
of T2DM is increasing globally (6], with this
increase being attributed to a “Western lifestyle’
characterized by increased energy intake and sed-
entary behaviors. The current burden of T2DM
and its associated cardiovascular (CV) complica-
tions is already placing pressure on health sys-
tems. Prevention of these conditions is essential
to ensure that the individual, social and economic

impact of T2DM and CVD is minimized.

Lifestyle intervention for the
prevention of T2DM

Several studies have examined the effect of a com-
bination of diet and physical activity (PA), often
referred to as a lifestyle intervention [7-12], on the
development of T2DM. Recent meta-analyses of
intensive lifestyle (IL) trials in people at high risk
show that IL reduced the risk of T2DM by 63%
compared with standard recommendations [13].
The study groups and interventions utilized are
further discussed below.

Malmé study

The Malmé feasibility study examined the ben-
efits of a 12-month IL program in men with
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IGT and early-stage T2DM [7]. Limitations of
this study include recruitment of only men, and
a non-random assignment of subjects to the
intervention and control groups. IL was asso-
ciated with a 59% reduction in the incidence

of T2DM.

Da Qing IGT & Diabetes Study

The Da Qing IGT and Diabetes Study involved
a large population-based screening program
to identify people with IGT [8). The effect of
diet and PA in preventing the development of
T2DM in 577 subjects aged over 25 years with
IGT was examined over 6 years in 33 hospital
clinics across China. Each clinic (rather than
individual participants) was randomized into
one of four groups: diet alone, PA alone, diet and
PA, or no intervention. The diet intervention
aimed to achieve 55-65% energy from carbo-
hydrate, 25-30% from fat, increased vegetable
consumption, no more than a moderate intake
of alcohol and a reduction in simple sugars.
For those with a body mass index (BMI) above
25 kg/m?, weight loss to achieve a BMI below
25 kg/m? was targeted. The PA intervention
aimed at increasing exercise by at least 1-2 ‘units’
per day, where one unit was equivalent to 30 min
of mild exercise, 20 min of moderate exercise or
10 min of strenuous exercise. Individual coun-
seling was given and individual goals set, then
subjects met in small groups weekly for 1 month,
then monthly for 3 months and 3-monthly
thereafter. The control group was exposed to
general information about T2DM.
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At baseline, the mean age was 44—46 years,
and BMI was 25-26 kg/m? across the study
groups. All groups lost weight over the study
period with the diet group losing 1.5 kg, the PA
group losing 1.2 kg, the diet and PA group losing
5.1 kg, and the control group losing 1.3 kg. The
cumulative incidence of T2DM over the 6 years
of follow up was 44% in the diet group, 41% in
the PA group, 46% in the diet and PA group and
68% in the control group. In comparison with
the control group, significant reductions in the
incidence of diabetes of 33% in the diet group,
47% in the PA group and 38% in the diet and
PA group were observed. In those individuals
with a BMI above 25 kg/m?, all interventions
significantly reduced the incidence of diabetes.
In those with a BMI below 25 kg/m?, a statisti-
cally significant reduction in diabetes incidence
was observed in the PA-only and diet and PA
groups. The diabetes incidence in the diet only
group was 36.3% lower than the control group
(60.0 vs 38.2%); however, this reduction failed
to reach statistical significance.

A 20-year follow-up of the Da Qing IGT and
Diabetes Study demonstrated that the protective
effect of lifestyle modification persisted beyond
the intervention period, with a cumulative inci-
dence of diabetes in the intervention groups
of 80%, compared with 93% in the control
group [14]. Participants in the combined diet and
PA group had a 43% lower incidence of diabetes
compared with control. Those in the intervention
groups compared with control had an average of
3.6 fewer years of T2DM, demonstrating that IL
programs, even if not preventing T2DM com-
pletely, can at least postpone the development of
this condition.

Finnish Diabetes Prevention Study
The Finnish Diabetes Prevention Study
(FDPS) (91, the first properly randomized trial on
the prevention of T2DM with lifestyle modifica-
tions, enrolled 523 subjects with IGT from five
clinics in Finland. Subjects (aged 40—64 years,
BMI: >25 kg/m?) were randomly allocated into
the intervention and control groups. The IL
program aimed at: reducing body weight by at
least 5%; achieving a dietary intake of less than
30% energy from fat, less than 10% energy from
saturated fat and more than 15g/1000 kcal of
fiber; and achieving more than 30 min of mod-
erate-intensity PA daily. Endurance exercise
was recommended; however, strength training
programs were also offered. After 6 months, if
weight loss was not meeting the subjects’ goals,
very low calorie diets (VLCD) were offered as
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intensive regimens or as replacements for one or
two meals per day, which 48 subjects utilized.
The intervention group had individual sessions
weekly for 6 weeks, then 2-monthly sessions for
6 months and 3-monthly sessions thereafter.
Subjects could also attend voluntary group ses-
sions, and have supplementary phone calls and
letters. The control group was advised to aim
for a BMI below 25 kg/m?, and received similar
dietary and PA advice, but the information was
not individualized.

At baseline, the mean age was 55 years, and
the mean BMI was 31 kg/m? [9]. At 1 year, sig-
nificant improvements in weight (weight loss
4.2 vs 0.8 kg, 4.7% body weight vs 0.9%) and
waist circumference were observed in IL com-
pared with control. At 2 years, some weight
was regained in both groups, although weight
loss remained significantly greater in IL com-
pared with control groups (3.5 vs 0.8 kg), and
this remained stable at 3 years (3.5 vs 0.9 kg,
4.0% body weight vs 1.1%) [15]. After 4 years of
active intervention, the cumulative incidence of
T2DM was significantly lower in the interven-
tion group (11%) compared with control (23%),
representing a reduction in incidence of 58% [9].
Follow-up 3 years post-intervention showed that
the cumulative incidence of T2DM remained
significantly lower in the intervention group
(23%) compared with the control group (38%)
— a risk reduction of 43% [16] — demonstrating
the effectiveness of IL programs in reducing inci-
dence of T2DM in those with IGT beyond the

intervention period.

Diabetes Prevention Program
The Diabetes Prevention Program (DPP) was
a large multicenter, randomized, placebo-con-
trolled clinical trial involving an ethnically
diverse population, and was designed to inves-
tigate the effect of IL programs, metformin or
troglitazone treatment (troglitazone was ceased
soon after commencement due to liver complica-
tions) compared with placebo in 3234 individu-
als with IGT [10]. Subjects (aged >25 years, BMI
>24 kg/m?*or >22 kg/m?if Asian) were individ-
ually randomly allocated into the intervention
and control groups. The IL program was aimed
at weight loss of more than 7% within 6 months,
and subjects were encouraged to lose weight up
to BMI 21 kg/m? [17). Dietary strategies focused
on reducing energy intake and fat intake to 25%
energy from fat. Structured meal plans and meal-
replacement products were offered to subjects. A
goal of more than 150 min/week of moderate-
intensity PA was set, and supervised PA sessions
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were offered twice-weekly. Lifestyle PA (e.g.,
using stairs instead of an elevator) was encour-
aged, but did not contribute to the 150 min/
week PA goal. The IL program was individual-
ized and delivered by a ‘lifestyle coach’ (typically
dietitians, exercise physiologists or health psy-
chologists), with a set core curriculum covered
in 16 sessions over 24 weeks. Individual con-
tact continued 2-monthly, with phone contact
between each visit for the remainder of the trial,
as well as optional additional group sessions.
The control group was given standard lifestyle
recommendations and annual short individual
sessions encouraging a healthy lifestyle.

At baseline, the mean age was 51 years and
BMI was 34 kg/m?2 [10]. A total of 50% of par-
ticipants in the lifestyle group met the goal of
7% weight loss within 24 weeks. At 1 year, a
significantly greater weight loss was observed in
the IL group (6.8 kg, 7.2% of initial weight)
compared with the metformin group and pla-
cebo group [10,18]. At 2 years, some weight was
regained; however, IL still had a significantly
greater weight loss (5.4 kg) compared with the
metformin (2.1 kg) and placebo (0.1 kg) groups.
At 3 years, cumulative incidence of T2DM of
14% in IL, 22% in metformin and 29% in con-
trol groups were observed [10]. The incidence of
T2DM was 58% lower in the IL group and 31%
lower in the metformin group compared with
control, with IL having a significantly lower
incidence of T2DM compared with metformin.
Meeting all IL goals resulted in an 89% lower
risk of T2DM compared with those meeting no
IL goals [13].

Japanese Diabetes Prevention Trial
The Japanese Diabetes Prevention Trial recruited
458 males with IGT (80% were government
employees) and randomized them to control or
IL (11). The intervention was focused on reducing
BMI to 22 kg/m?. Individualized dietary advice
focused on reducing portions, reducing fat intake
to less than 50 g/day, reducing alcohol intake
to less than 50 g/day and limiting eating out.
Moderate-intensity PA of 30—40 min/day was
encouraged. The intervention was reinforced at
study visits conducted every 3 months throughout
the 4-year study.

At baseline, the majority of subjects were aged
50-59 years, and mean BMI was 24 kg/m?*in
both groups [11]. In the IL group, weight was
2.5 kg below baseline at 1 year, and 2.2 kg below
baseline at 4 years. Weight loss from baseline
was statistically significant at both time points.
Weight loss at 4 years was significantly greater
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in IL compared with control (2.2 vs 0.4 kg). At
4 years, the cumulative incidence of T2DM was
significantly lower in the IL group (3.0%) com-
pared with control (9.3%), representing a 67%
reduction in the incidence of T2DM.

Indian Diabetes
Prevention Program
The Indian Diabetes Prevention Program
(IDPP-1) [12] randomized Asian Indian par-
ticipants aged 35-55 years with IGT into four
groups: control, IL, metformin and IL plus met-
formin. The IL program included individualized
diet and PA advice to maintain an appropriate
body weight. Dietary advice encouraged subjects
to avoid simple sugars and refined carbohydrates,
reduce total fat to 20 g/day and restrict use of
saturated fat and include more fiber-rich foods.
PA advice aimed to increase PA to more than
30 min/day including occupational and trans-
port PA. Subjects received individual advice at
randomization, and then at 2 weeks by phone or
letter. Monthly telephone contacts were main-
tained, and individual face-to-face sessions were
conducted every 6 months.

The baseline mean age was 46 years, and BMI
was 26 kg/m? [12]. Weight increased significantly
from baseline at annual follow-up in the control
group. At 3 years, small nonsignificant increases
in weight, BMI and waist circumference were
reported in all intervention groups [19], despite
reported improvements in diet and PA in both
IL groups. The cumulative incidence of T2DM
was significantly lower in IL (39%), metformin
(41%) and IL plus metformin (40%) groups
compared with control (55%). Significant risk
reductions of 29% in IL, 26% in metformin
and 28% in IL plus metformin groups were seen
compared with control, demonstrating that in an
Indian population, IL programs can significantly
reduce the incidence of progression to T2DM,
even without significant weight loss.

Summary of IL trials

Evidence to date demonstrates that in those with
IGT, IL interventions are effective in reducing
the incidence of T2DM across a range of ethnic
groups (Ficure 1). Variability in the results suggests
that the IL program or study populations observed
may have implications for the efficacy of IL.

IL with individual counseling [9-12] appeared
to be more successful than group sessions [8],
although all interventions provided some indi-
vidualized counseling. More frequent con-
tacts with subjects may lead to greater weight
loss, with the weight loss observed in the DPP
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Figure 1. Diabetes risk reduction in major lifestyle intervention trials.
Data show the relative risk reduction in the incidence of diabetes in the intensive
lifestyle groups compared with the control groups, for each study.

Da Qing: Da Qing IGT and Diabetes Study [8]; DPP: Diabetes Prevention

Program [10]; FDPS: Finnish Diabetes Prevention Study [9]; IDPP-1: Indian Diabetes
Prevention Program [12]; Japanese: Japanese Diabetes Prevention Trial [11].
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(6.8 kg), the FDPS (4.2 kg), Japanese (2.5 kg)
and IDPP-1 (no weight change) trials being
ranked in the same order as the frequency of
study visits [9-12]. However, it should be noted
that the more intensive intervention seen in
the DPP trial (16 sessions over 24 weeks, then
2-monthly follow up) compared with the FDPS
trial (6-weekly sessions, then two bi-monthly
sessions, then 3-monthly sessions) did not lead
to greater reductions in T2DM incidence — both
being 58% [9.10].

Interventions also differed according to the IL
goals. Interventions with weight loss goals either
to a target BMI (8,11, or as a percentage of initial
body weight (9.10), achieved greater reductions in
T2DM incidence than interventions that did not
aim for weight loss [12]. Although IL programs
produced significant reductions in weight, most
studies observed a weight regain 1 year into the
IL program [9-11]. Greater reductions in T2DM
incidence may well have been seen if initial weight
loss had been maintained. While several analyses
have demonstrated that weight loss was respon-
sible for the majority of the observed reduction
in T2DM incidence, a small part of the protec-
tive effect of IL appears to be independent of the
effect of weight loss [9.11.18]. The lack of change in
body weight reported in the IDPP-1 could mask
changes in body composition that may influence
progression to T2DM. Analysis of change in
waist circumference rather than weight alone may
be more effective in assessing this. Other than
weight-loss targets, the various studies were fairly
consistent in the dietary and PA targets. Among
the dietary goals, only dietary fat intake appeared
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to be associated with reduced incidence of T2DM,
with a 5% reduction in the percentage of energy
from fat associated with a 25% reduced incidence
of T2DM [(18]. Two studies utilized VLCD or
meal replacements to assist subjects in achieving
the weight loss goal [9.10], although use of VLCD
did not appear to reduce T2DM incidence [15].
PA goals were also fairly similar across the stud-
ies, although some studies specifically encouraged
leisure time PA [10], while others included lifestyle
activity such as occupational or travel-related PA
(12]. Increased PA was seen to be a stronger pre-
dictor of weight loss at each subsequent year [18],
which may reflect the role of exercise in mainte-
nance of weight loss. A strong inverse correlation
was observed between achieving lifestyle goals
and incidence of T2DM [9,16,18].

Study groups also differed according to base-
line characteristics. Baseline mean BMI varied
from 24 to 34 kg/m? across the studies. In the
Da Qing and Japanese studies of Asian subjects,
with a baseline mean BMI of 24-26 kg/m?,
weight loss was achieved through IL programs,
with greater reductions in T2DM than were
observed in the IDPP-1 study, where weight
loss was not achieved [8.11,12]. Factors other than
the ability to lose weight could also have been
responsible for differences in T2DM risk reduc-
tion. The DPP demonstrated that IL was effec-
tive in all included ethnic groups (55% white,
20% African—American, 16% Hispanic, 5%
American—Indian and 4% Asian) [10], and weight
loss reduced the incidence of T2DM across all
race and ethnicity groups, regardless of base-
line BMI [18]. In the DPP, IL was more effective
with increasing age, with the number of subjects
achieving the 7% weight-loss goal also increasing
with age [20]. This greater weight loss in older par-
ticipants may be due to them being more likely to
achieve more than 150 min/week of PA.

It is now clear that IL is effective using a
variety of strategies and across multiple ethnic
groups and social conditions.

‘Real-world’ evidence:

diabetes prevention in practice

While IL has been proven to be successful in a
controlled research setting, it could be argued
that results seen in highly motivated study
populations using resource-intensive interven-
tions may be very different to what is achiev-
able in ordinary healthcare settings. Three
studies of high-risk populations in Finland
[21], Australia [22) and India [23] have reported
interim results suggesting that IL in ‘real-world’
situations is effective in reducing risk factors for
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T2DM including BMI [21-23] and fasting plasma
glucose [23]. However, the impact on these risk
factors appears to be smaller than that achieved
in the setting of a randomized, controlled trial
(9]. This may be due to a less intensive interven-
tion (6-10 group or individual sessions with no
individualized information) or to a somewhat
less motivated study population. As no data on
T2DM incidence are yet available, it is yet to be
seen if the observed risk factor reduction trans-
lates to T2DM prevention. In the Development
Program for the Prevention and Care of Diabetes
in Finland 2000-2010 (DEHKO) p24], large
scale population-based strategies for T2DM pre-
vention incorporating nutritional interventions
and increasing physical activity have been imple-
mented; however, results of this intervention on
T2DM incidence are also not yet available.

Cost-effectiveness of diabetes
prevention programs

While the success of IL in the prevention of
T2DM has been proven, the financial cost of
intensive interventions and the possible ben-
efit in terms of reduced healthcare costs from
reduced incidence of T2DM must be considered.
IL has been demonstrated to be cost-effective in
developed [25-28] and developing countries [29],
and appears to be more cost-effective than met-
formin in some populations [27], but equally cost-
effective in others [29]. In addition, one argument
against dietary modification is the perceived
belief that healthy diets are more expensive
than unhealthy diets. However, in the FDPS,
dietary modification to a more healthy diet did
not increase diet cost [30]. As IL programs have
been demonstrated to be cost-effective, health
policy should promote lifestyle modification
programs for T2DM prevention.

IL in prevention of CVD

While IL has unequivocally been shown to reduce
the incidence of T2DM, the ultimate goal is
reduction of the CVD associated with T2DM.
While preventing or delaying T2DM will likely
reduce CVD risk, the associated conditions of
IGT, IFG and the metabolic syndrome have also
been demonstrated to confer an increased CVD
risk [2-5]. Therefore, maximizing CV protection
through lifestyle modification may provide fur-
ther benefit in this high-risk group. However, the
majority of T2DM prevention trials have not been
long enough to assess CV outcomes. The 20-year
follow-up of the Da Qing IGT and Diabetes
Study demonstrated a cumulative incidence of
first CV events of 41% in the intervention group
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and 44% in the control group [14]. The cumulative
CV mortality was 28% lower in the intervention
group (12%) compared with the control group
(17%), and all-cause mortality was 18% lower in
the intervention group (25%) compared with the
control group (29%). However, neither of these
differences was statistically significant. Since the
original study was not designed to examine the
effects of IL on CV complications, the statisti-
cal power to detect reductions in the incidence of
CVD and mortality risk was restricted. Further
follow-up of other T2DM prevention trials will
help to answer this question. There are no com-
pleted trials examining the impact of IL on CV
outcomes in T2DM. However, results of trials
from pharmacological interventions demonstrat-
ing that lowering blood pressure [31], serum cho-
lesterol [32] and blood glucose [33) reduce CV risk,
suggest the likely benefit of IL.

Holistic CV risk reduction combining IL
and pharmacological intervention reduced CV
events by 50% at 8 years in subjects with T2DM
and microalbuminuria compared with conven-
tional management [34,35]. Interim results of the
ADDITION study, an ongoing trial of inten-
sive target-driven lifestyle and pharmacological
intervention for CV risk in subjects with screen-
detected T2DM, has demonstrated improvements
in CV risk factors including BMI, blood pres-
sure, fasting glucose, and low-density lipoprotein
(LDL)-cholesterol, although no improvements
were seen in high-density lipoprotein (HDL)-
cholesterol or triglyceride (T'G) levels (36]. The
Look AHEAD study, a large-scale multicenter,
randomized, controlled trial focusing solely on
IL programs in overweight or obese adults with
T2DM, has been designed to examine the long-
term effects of IL programs on the incidence of
major CV events [37]. IL programs, involving
group and individual sessions, are aimed at achiev-
ing and maintaining a greater than 7% weight
loss through reduced dietary energy intake and
increased PA. Interim results at 1 year have dem-
onstrated significant improvements in CV risk
factors including weight (weight loss 8.6% body
weight vs 0.7%), HbAlc levels, blood pressure,
TG levels and HDL-cholesterol, and demon-
strated reduced use of medications for diabetes,
hypertension and lipid-lowering compared with
control 38]. Although these trials remain ongoing,
data supporting the effectiveness of lifestyle modi-
fication for the reduction of CV outcomes in other
populations, and for improvement in CV risk
factors in people with diabetes, suggest that this
approach is likely to be successful for the reduction
of CV events in people with diabetes [37).
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Dietary modification have been demon-
strated to improve CV outcomes in those
without T2DM at high risk of CV events [39].
Secondary prevention trials of dietary interven-
tion in subjects with coronary heart disease have
demonstrated that a Mediterranean diet and/or
high omega 3 intake can reduce CV events,
and all-cause and CV death [40-43]. Although
a 10-year follow-up demonstrated a small con-
tinued CV benefit of a high fish intake, a high-
fiber and low-fat consumption was not associ-
ated with any benefit of all-cause or coronary
mortality [44]. Modification of dietary fat intake
from saturated to mono- and poly-unsaturated
fats has been demonstrated to improve lipid
profiles [391; however, long-term intervention
studies with hard end points are lacking.

While studies examining the effect of IL on
hard CV outcomes are ongoing, the effective-
ness of lifestyle modification in improving CV
risk factors in those with T2DM, IGT, IFG and
the metabolic syndrome is well established in
randomized, controlled trials. Interim results
from the Look AHEAD study of IL programs
in subjects with T2DM has shown improve-
ments in CV risk factors as described previ-
ously. Results of studies of IL programs in sub-
jects with IGT and/or the metabolic syndrome,
and subanalyses of diabetes prevention studies,
have also demonstrated improvements in CV
risk factors. In subjects with IGT, IL resulted
in 1.8 kg greater weight loss than control and
improvements in fasting insulin, but no change
in total cholesterol or TG levels [45]. In over-
weight or obese subjects with and without the
metabolic syndrome, IL improved weight, waist
circumference [46-51], blood pressure [46,48-50],
total cholesterol [46], HDL-cholesterol [50,51) and

Intensive lifestyle intervention for prevention of Type 2 diabetes mellitus
Meta-analyses incorporating studies of intensive lifestyle (IL) interventions, including diet and physical activity, showed a 63% reduction
in diabetes incidence in those at high risk.
Weight loss accounts for most of the reduction in diabetes incidence; however, a small reduction in diabetes incidence independent of

weight loss has been observed.

TG levels [4648-50]. In the DPP, IL programs
reduced the risk of meeting metabolic syn-
drome criteria, while in the metformin group
and placebo group this increased [52). While
total- and LDL-cholesterol in all groups were
similar over the 3 years, IL programs altered
the LDL phenotype, with a reduction in the
smaller, denser, more atherogenic LDL par-
ticles compared with metformin and placebo
(53]. Both HDL-cholesterol and TG levels were
improved, and fewer participants required drug
therapy for lipids in the lifestyle group com-
pared with metformin or placebo. Similarly, in
the FDPS, a reduced prevalence of the metabolic
syndrome in the intervention group was seen
compared with control [54]. IL led to improve-
ments in abdominal obesity, blood pressure,
fasting glucose, HDL-cholesterol and TG from
baseline, while only HDL-cholesterol improved
from baseline in the control group. While IL
has been demonstrated to improve CV risk fac-
tors in those with IGT, IFG and the metabolic
syndrome, whether these improvements in CV
risk factors translate into a reduction in CV
morbidity and mortality remains to be seen.

Conclusion & future perspective

Interventions based on lifestyle recommenda-
tions to improve diet and PA are effective in
reducing the incidence of diabetes in those with
IGT and are cost effective. ‘Real-world” imple-
mentation of T2DM prevention programs with
less intensive group programs appear to be suc-
cessful at achieving lifestyle modification goals,
although this appears be less so than intensive
clinical trials. Ongoing studies will determine
the effectiveness of ‘real-world’ interventions

in preventing T2DM. A key challenge over the

In Asian Indian populations, reductions in diabetes risk may be achievable with relatively little weight loss.

‘Real world’ evidence: diabetes prevention in practice
‘Real world’ IL programs have shown improvement in diabetes risk factors; however, the effect on diabetes incidence has not

been reported.

Cost-effectiveness of diabetes prevention programs
IL has been shown to be cost-effective in developed and developing countries, and health policy should promote lifestyle modification
programs for Type 2 diabetes mellitus prevention.

Intensive lifestyle interventions in the prevention of cardiovascular disease
IL intervention has been shown to reduce cardiovascular risk factors in those with Type 2 diabetes mellitus, impaired glucose tolerance
and impaired fasting glycemia, and obese individuals with and without the metabolic syndrome. However, data on the effects of lifestyle
intervention on clinical cardiovascular outcomes are lacking.
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coming decade will be to apply lifestyle inter-
vention at a population level, with all of the
social and regulatory change this will require.
While IL has demonstrated improvements in
CV risk factors in those with T2DM, IGT,
IFG, metabolic syndrome and obese popula-
tions, it remains to be seen as to whether or not
these improvements in risk factors translate to
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