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Abstract: The diabetes epidemic is
Jueled by a societal increase in insu-
lin resistance, caused by lifestyle factors,
particularly excessive caloric intake
and physical inactivity. Aging also
plays a role in the increase in insulin
resistance; however, even in older pop-
ulations, the increase in insulin resis-
lance appears to be attributable mainly
to age-related obesity and inactivity.
Insulin resistance reflects deposition of
visceral, hepatic, and intramyocellular
Jat, while toxic messages from the adi-
pose organ (free faity acids, cytokines,
and oxidative stress) impair insulin
action to restrain glucose production in
the liver and promote glucose disposal
in muscle. Unexercised muscle is also
insulin resistant because of intracellu-
lar sequestration of glucose transporters.
These processes lead to hyperglycemia
if compensatory secretion of insulin is
inadequate due to decreases in pan-
creatic B-cell function and mass, ulti-
mately resulting in the development of
prediabetes and, later, type 2 diabe-

tes mellitus (T2DM). Lifestyle interven-
tions, programs that promote diabetes
risk reduction and weight loss through
bebavior change, increased physical
activity, and dietary modification, can
decrease insulin resistance and prevent
or delay the development of prediabe-
tes and progression to T2DM. Lifestyle

interventions are also important to
improve diabetes management, particu-
larly early in the natural history before
loss of B-cell function and mass is so
extensive that multidrug pharmacologic
therapy is required. Effective interven-
tions often include both an increase in
Dbhysical activity (ideally, at least 150
minutes per week of moderate-to-
vigorous aerobic exercise and strength
training) and dietary modification to
bromote weight loss.

major contributor to morbidity and
mortality. T2DM can lead to renal dys-
function, peripheral and autonomic neu-
ropathy, vision problems, and cardio-
vascular disease.” In the United States
alone, from 2005 to 2050, the prevalence
of diagnosed diabetes is expected to
more than double from 5.6% to 12.0%.?
In 2005 to 20006, the prevalence of predi-
abetes and diabetes combined was esti-
mated to be 42.3% for Americans aged
20 years or older. The total prevalence of

! ...there is strong evidence that
lifestyle interventions . . . can
prevent or delay the development

of T2DM in high-risk populations. i
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lucose intolerance, in the form

of type 2 diabetes mellitus

(T2DM) or prediabetes, a pre-
cursor to the development of T2DM, is
a major public health problem. T2DM is
an economically costly disease! and is a

diabetes (diagnosed and undiagnosed)
was estimated to be 12.9%, approxi-
mately 40% of which was undiagnosed.*
Worldwide, the number of adults aged
20 to 79 years with diabetes is estimated
to be 246 million (prevalence = 6.0%),
and the number of people with impaired
glucose tolerance is 308 million (preva-
lence = 7.5%).5
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Fortunately, there is strong evidence
that lifestyle interventions, programs pro-
moting behavior change to improve diet,
increase physical activity, and reduce
weight, can prevent or delay the devel-
opment of T2DM in high-risk popula-
tions and that these programs also result
in better management and improved
outcomes for patients with T2DM. This
review describes how lifestyle choices
affect insulin action, examines the effects
of lifestyle interventions on prediabe-
tes and T2DM, and provides recommen-
dations for physicians and other health
practitioners looking to promote lifestyle
change among their patients who have
these conditions or are at risk of develop-
ing these conditions.

The Scope of Glucose
Intolerance

Glucose intolerance ranges from pre-
diabetes to diabetes. Prediabetes, a
precursor to and risk factor for diabe-
tes, includes the following conditions:
impaired fasting glucose (IFG), a
fasting plasma glucose (FPG) of 100 to
125 mg/dL following the American
Diabetes Association definition used in
the United States or 110 to 125 mg/dL
following the World Health Organization
definition used elsewhere; or impaired
glucose tolerance (IGT), in a 75-g oral
glucose tolerance test (OGTT), a 2-hour
postload glucose of 140 to 199 mg/dL
when diabetes is not present. Diabetes
is defined as FPG >125 mg/dL, 2-hour
postload glucose >199 mg/dL, or both.
Measurement of hemoglobin Alc is
a less accurate and relatively insensi-
tive approach to assessment of glucose
intolerance.® Approximately 95% of all
cases of diabetes are T2DM. Glucose
intolerance is a global problem, affect-
ing a large percentage of the population
in both the United States and abroad.
Furthermore, the often-asymptomatic
nature of diabetes complicates efforts to
estimate the true prevalence of the dis-
ease. Without symptoms, many people
with diabetes fail to be identified until
much later in their disease course, when
secondary complications have devel-
oped; screening on the basis of T2DM

risk factors such as older age, over-
weight, minority race/ethnicity, or the
metabolic syndrome can permit earlier
diagnosis, but random plasma glucose
levels appear to constitute a better—and
less expensive—screening tool.””

Glucose Intolerance in
the United States

For the adult US population (aged
20 years or older), it is estimated that
12.9% of the population has diabetes,
of which approximately 40% is undiag-
nosed (prevalence of diagnosed diabe-
tes = 7.7%; prevalence of undiagnosed
diabetes = 5.1%)." The prevalence of
diagnosed and undiagnosed diabetes
increases with age among Americans,
with the total diabetes prevalence peak-
ing among 60- to 74-year-olds (30%).
The proportion of diabetes cases that
are undiagnosed ranges from 32.5% for
20- to 39-year-olds to 46.0% for individ-
uals 75 years of age or older." Although
women have a slightly higher preva-
lence of diabetes than men (13.3% vs
12.4%, respectively, for people aged >20
years), a greater percentage of total dia-
betes in men is undiagnosed (42% vs
37.9% in women). Diabetes prevalence
is expected to rise, with the prevalence
of diagnosed diabetes expected to reach
12% by 2050.%

Furthermore, the burden of diabetes
across racial groups in the United States
is unequal. Among Americans aged
20 years or older, the prevalence of dia-
betes is 17% for non-Hispanic blacks,
14.7% for Mexican Americans, and 12.2%
for non-Hispanic whites. Although non-
Hispanic blacks have the highest diabe-
tes prevalence, they have significantly
less undiagnosed diabetes; the percent-
age of total diabetes that is undiagnosed
in non-Hispanic blacks is 24.2%, while
more than 40% of total diabetes is undi-
agnosed in Mexican Americans and non-
Hispanic whites.* Native Americans and
Asian Indians have also been reported to
have high rates of diabetes; in one study
of Asian Indians living in a major US
city, the reported prevalence of diabetes
was 18%."

The prevalence of prediabetes is even
greater. Among US adults aged >20 years,

the prevalence of prediabetes is 29.5%.
IFG is more common than IGT; the prev-
alence of IFG is 25.7% (using FPG 100-
125 mg/dL), compared with 13.8% for
IGT. Men represent a greater proportion
of individuals with IFG (32.1% vs 19.8%
for women). IGT prevalence does not
vary significantly by sex. Among race-
ethic groups, prediabetes prevalence
ranges from 25.1% for non-Hispanic
blacks to 31.7% for Mexican Americans.”

The Global Burden of
Glucose Intolerance

Estimates place the worldwide prev-
alence of diabetes for all age groups at
2.8%, with an expected rise to 4.4% by
2030." The number of adults aged 20 to
79 years with diabetes is estimated to be
246 million (prevalence = 6.0%),” and this
number is expected to rise."* Although
diabetes is found in all populations
throughout the world, 3 countries share
the bulk of the diabetes burden: the
United States, India, and China had more
than 70 million people with diabetes in
2000, an estimate projected to increase to
nearly 152 million by 2030. Importantly,
these projections assume a static obesity
prevalence, which is unlikely given the
overall population trends of increasing
weight, aging, and urbanization."

Traditionally, T2DM has been thought
of as a disease of affluence. This is no
longer the case; T2DM incidence and
prevalence are increasing at alarm-
ing rates in rural and aboriginal com-
munities.” For example, in India, a
country where 70% of the population
lives in rural communities, there are
more than 40 million cases of T2DM,
the highest number of diabetes cases
worldwide. > In 2005-2006, a study in
Sri Lanka reported that the prevalence
of diabetes for adults aged 20 years or
older in rural communities was 11.0%,
while in urban settings, the prevalence
of diabetes in adults was 13.6%." In
China, there are almost 40 million cases
of diabetes, almost equally divided
between those living in rural and urban
communities.’

Global estimates of the size of the
undiagnosed diabetes population vary
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Table 1.
Both Genetics and Environment Affect Risk of Type 2 Diabetes?

Pima U.S. Pima Mexico  Other Mexicans
Diabetes prevalence 37.5% 8.0% 2.5%
Obesity 69.3% 13.2% 17.7%
Physical Activity 7.6 h/wk 27.4 h/iwk 27.1 h/wk

2 Adapted from Schultz et al,*® Diabetes Care. 2006;29:1866.

by region studied. A 2003 analysis of

11 Asian cohorts, including Chinese,
Japanese, and Asian Indian populations,
found that undiagnosed diabetes preva-
lence ranged from 1.0% to 6.5% across all
age groups among Chinese and Japanese
people and from 1.9% to 7.2% among
Asian Indians.’ In Korea, it was estimated
that in 2001, 2.6 million adults had dia-
betes, 43% of whom were undiagnosed.”
A 2003 Danish study found that among
people with diabetes aged 45 years, 82%
of the men and 70% of the women were
previously undiagnosed; among people
aged 60 years, the proportions were 63%
and 52%, respectively. In this population,
men were significantly more likely to be
undiagnosed compared with women.?
Another study comparing 13 European
cohorts found undiagnosed diabetes rates
to be highest for men in the youngest age
ranges (30-39 and 40-49 years; 70% and
60% of patients previously undiagnosed,
respectively), with the rates of undiag-
nosed diabetes decreasing with increasing
age; in women, the highest proportion of
undiagnosed diabetes was for individu-
als aged 40 to 49 years (58%), although
there was no clear trend of increasing

or decreasing prevalence over time.”
Across all age ranges, undiagnosed dia-
betes (by FPG, postload glucose, or both)
was between 0% and 4.0% for men and
0% to 9.2% in women. The prevalence

of diabetes in Australians aged >25 years
was 8.0% in men and 6.8% in women
based on national survey data from 1999
to 2000. Approximately half of all people
with diabetes in Australia were previously
undiagnosed.*

Although data are scarce, particularly
for IFG, the global prevalence of pre-
diabetes has been described in recent
studies. Across Europe, the prevalence
of prediabetes rose with age: across
all studies, the prevalence was <15%
for individuals aged 30 to 59 years and
between 15% and 30% for those 60
years and older. Unlike in the United
States, where the prevalence of IGT did
not differ significantly between men and
women,* IGT was more prevalent in
women than in men in all age groups,
ranging from 4.5% in the youngest age
group to 24.6% in the group aged 80 to
89 years. The rates of IFG were consis-
tently lower in women compared with
men (range, 3.2%-10.1% in men and
2.6%-5.9% in women) when compared
by age group. Prediabetes by any defi-
nition was most common in men aged
40 to 69 years.” Similarly, in the Danish
population, IGT was more frequent in
women aged 30 to 35 years than in men
in the same age group (9.9% vs 5.8%).
For IFG, the reverse was true: men were
significantly more likely to have IFG
(P <.0001). In both sexes, impaired
glucose regulation rose with increas-
ing age.” For Asian populations, pre-
diabetes prevalence was <18% for indi-
viduals aged 30 to 59 years and 18% to
26% for those 60 years or older in
Chinese and Japanese populations and
<24% for Asian Indians aged 30 to 59
years and 20% to 27% for Asian Indians
00 years of age or older.”® The Korean
prevalence of prediabetes by IFG cri-
teria was 23.9%, or roughly 8.1 million
people.”
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The Rising Prevalence
of Diabetes and
Prediabetes Is a Result
of Lifestyle Factors

The diabetes epidemic is fueled by a
societal increase in insulin resistance,
caused by secular increases in under-
lying lifestyle abnormalities—excessive
caloric intake and physical inactiv-
ity.” Both body mass index (BMD) and
physical activity are independently and
strongly associated with diabetes.**
Aging is associated with increased insu-
lin resistance as well; however, this
appears to be attributable mainly to age-
related obesity and inactivity, because
older individuals who are nonobese and
physically fit are not insulin resistant
compared with nonobese, fit, younger
individuals.”

Obesity and inactivity increase the risk
of development of diabetes in genetically
susceptible individuals. This interac-
tion between genetics and the environ-
ment is well seen in the Pima Indians.
Adult Pimas living on a reservation in
Arizona have the highest prevalence of
T2DM in the United States (37.5%; see
Table 1); 69% are obese, and they aver-
age less than 8 hours per week of physi-
cal activity. In contrast, Pimas in Mexico,
with the same genetic background but
less obesity and much more physical
activity, have an 8.0% prevalence of dia-
betes. Non-Pima Mexicans with compara-
ble levels of obesity and physical activity
have only a 2.5% prevalence of diabe-
tes.?® Thus, when obesity and physical
activity are comparable (Mexican Pimas
compared with other Mexicans), genet-
ics increases the prevalence of diabe-
tes roughly 3-fold, but within the same
genetic group (Pimas in the United
States compared with those in Mexico),
the environment (obesity and inactiv-
ity) increases the prevalence of diabe-
tes almost 5-fold. Similarly, a study of
second-generation Japanese Americans
in Seattle found the prevalence of dia-
betes (diagnosed and undiagnosed) to
be approximately 20%, roughly 4-fold
higher than the prevalence of diabetes
among a similar population in Japan and
twice as high as non-Hispanic whites in

Downloaded from ajl.sagepub.com at PENNSYLVANIA STATE UNIV on May 11, 2016



http://ajl.sagepub.com/

SS

American Journal of Lifestyle Medicine

Figure 1.

Glucose disposition analysis: why diabetes develops. Plot of insulin secretion versus
insulin action in Pima Indian subjects who did or did not progress form normal
glucose tolerance (NGT) to impaired glucose tolerance (IGT) and type 2 diabetes
mellitus (T2DM).The 95% Confidence Interval (95% CI) for the NGT curve is shown.
Adapted from Weyer, et al.* J Clin Invest. 1999;104:787.
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Insulin Action

the United States at the time.” An ear-
lier study of the same population found
other changes associated with migration:
Japanese Americans weighed more than
their Japanese counterparts, although
this was not statistically significant, and
Japanese Americans derived a statisti-
cally significantly greater percentage of
daily calories from animal protein as
compared with similarly aged men from
Japan.® In the same way, the increas-
ing global prevalence of diabetes reflects
both genetics (an expansion of nonwhite
populations who have a predisposition
to develop diabetes) and the environ-
ment (an increase in age, along with a
lifestyle-related increase in overweight
and sedentary activity).

Moreover, in genetically at-risk popu-
lations such as South Asians, the prev-
alence of T2DM risk factors, such as
insulin resistance, increased fat mass, and
central obesity, is high,”* even with only
modest increases in BMI. Asian Indians
and other South Asians have higher
rates of T2DM*** and develop T2DM at
younger ages”* and at lower BMIs*¥
compared with whites. Similarly, in
Singapore Chinese, BMIs of 18.5 to
23 kg/m? were associated with a 2.5-fold

increased risk of diabetes compared with
BMIs <18.5 kg/m?.*

How Lifestyle Factors
Cause the Development
of Prediabetes

and Diabetes

Obesity and inactivity increase insu-
lin resistance via 2 mechanisms: (1) non-
physiologic deposition of fat in visceral,
hepatic, and intramyocellular sites, and
(2) intracellular sequestration of GLUT4
glucose transporters in unexercised mus-
cle, resulting in reduced glucose uptake.”
Interestingly, exercise alone may not
attenuate insulin resistance if seden-
tary activity is excessive; time spent
being sedentary is predictive of high fast-
ing insulin levels, regardless of the time
spent doing moderate-to-vigorous inten-
sity activities, independent of age, sex,
fat mass, fasting insulin, smoking status,
and follow-up time.? The excess fatty
acids interfere with insulin receptor sig-
naling and lead to decreased glucose
transport, often referred to as lipotoxic-
ity, and activate protein kinase C through
increased fatty Acyl-CoA and diacylgly-
ercols. Free fatty acids, produced more

XXX @ XXX XXXX

readily in the visceral abdominal fat, may
decrease insulin sensitivity, impair vascu-
lar reactivity, and also increase endothe-

lial dysfunction.

The nonphysiologic deposition of fat
appears to be a major contributor to insu-
lin resistance, and visceral and especially
intrahepatic fat are particularly associated
with insulin resistance.” Toxic messages
from the adipose organ such as free fatty
acids, cytokines (eg, an increase in tumor
necrosis factor-o and a decrease in adi-
ponectin), and oxidative stress, impair
insulin action to restrain glucose produc-
tion in the liver and promote glucose
disposal in muscle.®

These processes of insulin resistance
lead to hyperglycemia if compensatory
secretion of insulin is inadequate, poten-
tially resulting in prediabetes, then T2DM.
Why diabetes develops is illustrated in
Figure 1. Normal glucose tolerance is a
function of both insulin secretion and
insulin action. Across a range of insulin
action, glucose homeostasis can be main-
tained if insulin secretion is adequate. If
insulin action falls (eg, insulin resistance
increases due to weight gain and/or inac-
tivity) but insulin secretion increases, nor-
mal glucose tolerance (NGT in Figure 1)
is sustained and progression to diabetes
does not occur. However, if insulin secre-
tion cannot increase to compensate for
the insulin resistance, then patients prog-
ress to prediabetes (IGT in Figure 1) and,
if this continues over time, may develop
T2DM. Abnormalities of insulin secretion
in persons with frank diabetes include
reduced or absent first-phase responses
to intravenous glucose,® delayed and
blunted secretory responses to ingestion
of a mixed meal, alterations in the pat-
terns of insulin secretion,” and increases
in the plasma concentrations of proinsulin
relative to those of insulin.*

The development of hyperglycemia
(inadequate B-cell compensation for
insulin resistance) reflects both impaired
pancreatic p-cell function and loss of
p-cell mass. The loss of B-cell mass is
due to apoptosis, and p-cell mass is
about 60% of normal in individuals with
prediabetes and 40% of normal in indi-
viduals with diabetes.” Accordingly,
the extent to which lifestyle change to
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Figure 2.

Degree of insulin deficit explains clinical phenotype. Shown schematically are (a) the
relative progression of insulin concentrations required for different actions of insulin
(to decrease lipolysis and ketogenesis, to decrease hepatic glucose production,

and to increase peripheral glucose disposal) along with (b) the clinical phenotypes
corresponding to insulin concentrations insufficient for that aspect of insulin action
(diabetic ketoacidosis, elevated fasting glucose, and elevated postprandial glucose).

Insulin Action
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* Glucose
production

Phenotype

A\ Glucose
disposal

A\ postmeal
glucose

A\ fasting
glucose

ketoacidosis

Insulin Concentration

reduce insulin resistance can restore nor-
moglycemia in individuals with predia-
betes or diabetes depends on the p-cell
defect, which is reflected by the

clinical phenotype. As shown schemat-
ically in Figure 2, the highest insulin
concentrations are required to promote
glucose disposal into fat and muscle,

the next highest to restrain glucose pro-
duction in the liver, and the lowest to
restrain lipolysis and ketogenesis. Thus,
a mild p-cell defect presents as postpran-
dial hyperglycemia, a moderate defect

as fasting hyperglycemia, and a severe
defect as ketoacidosis.

If the B-cell defect is mild, as in patients
with prediabetes, lifestyle change to
reduce insulin resistance can often
restore normoglycemia and help pre-
vent progression to diabetes. But if the
B-cell defect is more severe, as in patients
who are later in their natural histories
and exhibit marked fasting hyperglyce-
mia, lifestyle change is important to help
control glucose excursions but may not
restore normoglycemia, and pharmaco-
logic therapy will be needed. Lifestyle
change also tends to improve post-
prandial hyperglycemia more than
fasting hyperglycemia, because exercise
can reduce insulin resistance in muscle

(the major target of glucose disposal) but
has less effect on the liver (the source of
glucose production).

Different categories of prediabetes
carry different risks of progression to
frank diabetes. The overall risk for pro-
gression to T2DM for people with pre-
diabetes is between 25% and 40% over
3 to 8 years.’™* However, patients with
isolated TFG and patients with isolated
IGT have different risks of progres-
sion, and patients with both abnor-
malities have a generally higher risk of
progression than individuals with either
abnormality alone. A 2004 study dem-
onstrated that people with IGT are more
insulin resistant than people with IFG
and that IGT is more strongly associ-
ated with increases in cardiovascular
disease™—an important distinction
because IGT can be identified only
through an OGTT, a test that is currently
underutilized in the United States. Even
within the category of IFG, people with
FPG levels of 100 to 109 mg/dL have
been shown to be at less risk of pro-
gression to diabetes than people with
FPG levels of 110 to 125 mg/dL, likely
because patients in the former category
are earlier in their natural histories.” As
noted above, measurement of hemoglo-

American Journal of Lifestyle Medicine

bin Alc is a less accurate way to identify
glucose intolerance.

Thus, the development of glucose intol-
erance depends on both the degree of
insulin resistance and the extent of p-cell
reserve. Everyone who develops insulin
resistance will not develop prediabetes,
and everyone who develops prediabe-
tes will not develop T2DM. However,
because of the rising rates of obesity
and sedentary activity and the resulting
increase in insulin resistance, it is essen-
tial to emphasize healthy lifestyles to
reduce insulin resistance and limit the
development of glucose intolerance in
individuals who are at risk, in order to
minimize the effects of these conditions
on the health of individuals and society.
Furthermore, as glucose levels increase
over the natural history of T2DM (insu-
lin resistance to prediabetes to T2DM),
B-cell mass and function decrease, mak-
ing it harder for the body to sustain
normal glucose. Accordingly, it is partic-
ularly important to use lifestyle change to
buy quality life-years of normoglycemia
early in the natural history of T2DM, via
decreased insulin resistance and reduced
B-cell challenge, since lifestyle change is
less likely to restore normoglycemia later
in the natural history.

Lifestyle Interventions
for Diabetes Prevention

Lifestyle interventions are programs that
address the total lifestyle of an individ-
ual with the goals of decreasing excess
weight, increasing physical activity, and
improving the quality of the diet. Five
large trials, 4 of which were random-
ized, showed that lifestyle interventions
decrease T2DM incidence in people with
prediabetes.’>®* A meta-analysis of ran-
domized controlled trials of lifestyle inter-
ventions for T2DM prevention found
that compared with control or placebo
groups, lifestyle intervention participants
had a 0.84 mmol/L decrease in 2-hour
plasma glucose (95% confidence inter-
val, 0.39-1.29) and a 50% decrease in the
1-year incidence of T2DM (relative risk
[RR], 0.55; 95% confidence interval,
0.44-0.69).” 1t is important to note that
lifestyle interventions, by and large, have
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had little effect on fasting glucose; only
with extensive weight loss (for example,
as a result of bariatric surgery®) is there
an appreciable change in fasting glucose
levels. Postload, 2-hour glucose reflects
peripheral insulin resistance, while fasting
glucose primarily reflects hepatic insulin
resistance and a more severe f-cell defect
(above).®!

Two of these studies, the Finnish
Diabetes Prevention Study (DPS) and the
Diabetes Prevention Program (DPP) in the
United States, showed a 58% reduction in
diabetes incidence in study participants
in the lifestyle group compared with
those in the control group.”” The DPS, a
5-center study conducted in Finland, ran-
domized 522 middle-aged, overweight
men and women with IGT to either usual
care or an intensive lifestyle intervention.
The DPS lifestyle intervention included 7
one-on-one consultations and between-
visit phone calls with a nutritionist, as
well as voluntary group sessions (eg, lec-
tures, cooking classes, supermarket visits)
in which the participant was taught about
healthy food choices based on feedback
from 3-day food records, goal setting,
behavior change, and physical activity.

In addition, participants were given the
option of following a very low-calorie
diet at months 6 to 7 to boost weight loss.
The ultimate goals of the DPS were a >5%
weight reduction, 30 minutes or more

per day of moderate physical activity, a
reduction in dietary fat (total fat <30%

of total energy, saturated fat <10% total
energy), and an increase in dietary fiber
(215 g/1000 kcal).”

The DPP was similar to the DPS in sev-
eral ways. The DPP was a multicenter,
randomized trial of a lifestyle intervention
for diabetes prevention with the goals of
weight loss (7% of baseline weight) and
increased physical activity (=150 minutes
per week). Diet change was not a pri-
mary goal of the lifestyle intervention;
however, participants were counseled on
dietary fat reduction as a tool for weight
loss. The DPP study team randomized
3234 overweight men and women (aged
25 years or older) with IGT to a placebo
arm, an intensive lifestyle intervention
arm, or metformin (850 mg twice daily). A
fourth trial arm, troglitazone, was discon-

tinued because of potential liver toxicity
of the drug. The DPP lifestyle intervention
included 16 weekly sessions during the
primary intervention period followed by
8 monthly maintenance sessions. Each
individualized and culturally appropri-
ate session was taught one-on-one with a
case manager and covered topics includ-
ing behavior change, goal setting, diet
change (with a focus on fat reduction),
and physical activity.”>®

The Da Qing Diabetes Prevention Study
also used a multicenter, randomized
design to study the effectiveness of life-
style interventions for diabetes prevention
in individuals with IGT. Participants were
randomized by clinic to a standard-of-care
control group or diet-only, exercise-only,
or diet-plus-exercise education groups.
Intervention participants were counseled
individually by physicians about following
a low-fat diet including personal calorie
and food group intake goals and/or were
taught to increase leisure-time physical
activity by 1 to 2 units per day (units were
defined as 30 minutes of mild-intensity
exercise, 20 minutes of moderate-intensity
exercise, 10 minutes of strenuous exer-
cise, or 5 minutes of very strenuous exer-
cise). Although the diabetes risk reduction
in this study was not as great as that
found in the DPP or DPS, the results are
still impressive; compared with the con-
trol group, individuals in the diet, exer-
cise, and diet-plus-exercise groups had
reductions in diabetes incidence of 31%,
46%, and 42%, respectively. Furthermore,
the lifestyle interventions were beneficial
even to participants who were not over-
weight at baseline.®

Long-term follow-up shows that the
effects of lifestyle interventions for reduc-
ing diabetes risk are reduced but remain
highly statistically significant even when
participants gain back some of the weight
lost during the program.’?%57%6 The
reduction in relative risk of diabetes in
the DPS study after a median of 7 years
of follow-up was 36%, and after 20 years
of follow-up in the Da Qing Diabetes
Prevention Study, there was a 43% reduc-
tion in diabetes incidence in the combined
lifestyle intervention groups compared
with controls.® This decrease in effec-
tiveness over time probably indicates
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that lifestyle interventions can only par-
tially prevent or delay T2DM,! because the
interventions affect insulin resistance but
not B-cell function.* Over time, the abil-
ity of lifestyle change to decrease insu-

lin resistance may be counteracted by

an age-related increase in insulin resis-
tance, allowing hyperglycemia to emerge
because of the underlying p-cell defect.
However, this does not detract from the
importance of lifestyle change as a tool for
improving the general health of the pop-
ulation and increasing an individual’s dis-
ease-free, quality life-years.

The success of lifestyle interventions
for different populations, comparing
both within and between studies, shows
that these programs are universally effec-
tive for diabetes prevention. Studies
in the United States, India, Europe, and
China all showed a reduction in diabe-
tes risk.>*>>" In the DPP, which included
men and women from different race and
ethnic groups, age groups, and BMI lev-
els, the lifestyle intervention was consis-
tently effective at diabetes prevention.> It
is important to note that lifestyle changes
are effective tools for risk reduction, even
in participants who are older and who
have normal BMIs; in the DPP, the reduc-
tion in diabetes incidence for those
in the lifestyle intervention compared
with the placebo group was greater for
those in the oldest age group (71% for
individuals aged 60 or more years, com-
pared with 48% for those aged 25-44
years) and for individuals with the lowest
BMIs (65% for people with BMIs of 22 to
<30 kg/m?, compared with 51% for those
with BMIs of 235 kg/m?).5* Peripheral
insulin resistance increases with age, as
reflected by higher 2-hour postload glu-
cose values,” so lifestyle change would
be expected to be more beneficial in
the older group. The difference in effect
based on BMI is probably attributable to
the same percentage weight loss having
less effect on insulin resistance for peo-
ple with more body fat than for individu-
als with less baseline body fat.

Besides displaying a lower risk of T2DM,
lifestyle intervention participants also have
improved insulin responses,®® whole-body
insulin sensitivity,” markers of inflamma-
tion (C-reactive protein, interleukin-6,”
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and plasminogen activator inhibitor™),
aerobic capacity,” blood pressure, and
plasma lipid levels.”” Furthermore, the
beneficial effects of lifestyle interven-
tions have been consistent in different eth-
nic groups and settings*>*>%7>7 and for
people with increased diabetes risk (eg,
women with a history of gestational dia-
betes” and participants with high lev-

els of insulin resistance™). In addition, an
analysis of the DPP study population®*%
showed that lifestyle interventions can
overcome genetic susceptibility to T2DM,
further supporting the importance of life-
style change for diabetes prevention.” It
is important to note, however, that each
of the 4 randomized trials of lifestyle inter-
ventions for diabetes prevention was
conducted in participants with impaired
glucose tolerance. Although it is yet to be
seen if these results extend to all people
with prediabetes, lifestyle participants in
the DPP had an increase in fasting glucose
over time that was significantly lower than
that found in the placebo group (although
fasting glucose increased over time in all
study groups),” indicating that lifestyle
change might also be effective for individ-
uals with IFG.

The estimated annual increase in
expenditures attributed to diabetes for a
person in the United States is $6649 per
year.”® Statistical analyses of the DPP, the
DPS, and the Indian Diabetes Prevention
Programme have projected the lifestyle
intervention in each program to be cost-
effective.”® For example, in the DPP,
the cost of the lifestyle intervention from
a societal perspective was $24 400 per
case of diabetes delayed or prevented,
less than the cost per case of diabe-
tes prevented or delayed for metformin
(834 500); from the perspective of the
health system, compared with placebo,
the cost was §15 655 per case of diabe-
tes prevented for the lifestyle intervention
and $31 338 per case of diabetes pre-
vented for metformin.*

Based on the findings of these and
other studies, expert organizations,
including the European Society of
Cardiology and European Association
for the Study of Diabetes* the Canadian
Diabetes Association,® the American
Diabetes Association,* and the Interna-

tional Diabetes Federation,® recommend
lifestyle changes such as weight loss and
increased physical activity for the pre-
vention of T2DM among those with
prediabetes.

Lifestyle Interventions and
Management of T2DM

Lifestyle interventions have been simi-
larly helpful in improving health in T2DM
patients. T2DM patients receiving lifestyle
interventions in community or clinical
settings exhibit improvements in resting
energy expenditure, low-density lipopro-
tein (LDL) cholesterol, insulin sensitivity,
and weight loss as well as decreases in
HbAlc, BMI, blood pressure, and fasting
glucose.* In one trial, physicians were
asked to counsel their T2DM patients
about lifestyle changes at a baseline visit
and over the phone in the following
months. Patients who increased their lev-
els of physical activity the most based on
these interactions had improvements in
health outcomes (significant reductions in
weight, BMI, waist circumference, fasting
plasma glucose, heart rate, and LDL; sig-
nificant increases in high-density lipopro-
tein (HDL) cholesterol; and a 4% to 5%
reduction in 10-year coronary heart dis-
ease risk) and significant reductions in
medical and indirect social costs related
to T2DM.”

The Look AHEAD (Action for Health in
Diabetes) study randomly assigned over-
weight and obese subjects with T2DM
to receive either usual care or an inten-
sive lifestyle intervention that focused
on weight loss and increased physi-
cal activity. The lifestyle intervention
included group-based classes, individ-
ual monthly meetings with a lifestyle
counselor, calorie reduction through diet
change and a liquid meal replacement
plan, and increased physical activity. In
addition, the Look AHEAD lifestyle inter-
vention program prescribed a weight-
loss drug, orlistat, to select participants.”
Lifestyle intervention participants lost
significantly more weight than those in
the control group (8.6% + 6.9% weight
loss vs 0.7% + 4.8% weight loss). The
odds of reaching the weight loss goal
of 7% were highest for participants in
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the highest quartiles of physical activity,
consumption of meal replacements, and
attendance at study classes. High self-
reported physical activity correlated the
strongest with weight loss.”

Furthermore, the effects of these
interventions are also beneficial for the
families of T2DM patients. Spouses of
participants in the Look AHEAD intensive
lifestyle intervention lost more weight,
had greater reductions in total energy
and total energy from fat, and reported
more low-fat and less high-fat foods in
their homes than spouses of control par-
ticipants.” Current trials of lifestyle inter-
ventions for people with T2DM are under
way in the United States”” and abroad”
and will add to the literature on the
long-term effects of these programs for
improvements in diabetes care and on
secondary prevention.

Why Are Lifestyle
Interventions Beneficial?

Excess weight and obesity are strongly
related to risk for T2DM,” and lifetime
diabetes risk increases with increasing
BML'™ Among all age groups, BMI above
the normal-weight range is associated
with an increased risk for development
of T2DM,"* and diabetes risk increases
by 12% for each unit of BMI increase.'*
Conversely, a 10% weight loss reduces
the risk of T2DM by 0.5% to 1.7%
(depending on gender, BMI, and age).'*

Weight loss, changes in body fat dis-
tribution and increases in physical activ-
ity (independent of weight loss) have
been shown to be determinants of T2DM
risk reduction in lifestyle intervention tri-
als. 1% In the DPS, lifestyle intervention
participants showed significant decreases
in sedentary behavior and increases in
moderate to vigorous physical activity,
decreases in total and saturated fat, and
increases in fiber compared with con-
trols.” Increases in moderate to vigor-
ous and strenuous physical activity were
associated with a 63% to 65% reduc-
tion in diabetes risk.!! In addition, a low-
fat, high-fiber diet had a dose-dependent
association with sustained weight loss and
was also associated with reduced diabe-
tes risk."” In the DPP lifestyle intervention
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group, BMI, waist and hip circumference,
weight, and waist-to-hip ratio predicted
diabetes incidence in both sexes, and dia-
betes risk reduction in the lifestyle inter-
vention arm was significantly predicted
by weight, BMI, and waist reduction in
women and by weight, BMI, waist-to-hip
ratio, waist circumference, and subcutane-
ous and visceral fat reduction in men.!®
In obese patients with T2DM, decreas-
ing intake of simple sugars alone (without
weight loss) results in improvements in
glycemic control.'®

Incorporating Lifestyle
Advice Into Clinical Care

The lifestyle interventions used in the
randomized trials discussed above have
the following common components:

e lessons or information on behav-
ior change that use existing behav-
ioral theories, for example, Prochaska’s
Stages of Change Model'”,

e physical activity education and a
weekly physical activity prescription of
at least 150 minutes per week;

o dietary education and advice to fol-
low a well-balanced diet rich in whole
grains, fruit, and vegetables with <30%
total fat and no more than 10% satu-
rated fat; and

o a weight loss of at least 5% to 7%.

Providing patients with ideas and tools
to help them succeed in making these
lifestyle changes will result in improve-
ments in their long-term health. First, it
is important to assess and address the
patient’s self-efficacy for the behavior
changes. Self-efficacy, an individual’s self-
perception of his or her ability to change,
is a mediator of behavior change." In
the DPP, exercise self-efficacy was sig-
nificantly and positively correlated
with mean leisure-time physical activity
throughout the study.'" Patients with low
self-efficacy for changing diet or increas-
ing physical activity should be encour-
aged and provided with information or
resources to aid them in their attempts at
change.

In addition, research has indicated
that patients with higher BMI, anxiety,

depression, or stress might require extra
support and encouragement to make and
sustain behavior changes.'" Social sup-
port, such as that provided in group-
based weight loss programs or walking
groups, is an effective tool to help peo-
ple succeed in making and sustaining
behavior changes'? and could be used
to help patients at greatest risk of failing
in their attempts at lifestyle change.

To change behavior, individuals must
have the ability to problem solve and the
tools to overcome barriers to behavior
change. For patients to be able to use the
lifestyle advice given to them, health care
providers should help patients to identify
barriers and brainstorm ways to deal with
these barriers."”® For example, if a patient
reports that he or she eats out frequently,
the health care provider could help them
identify healthy foods on the menu and
empower him or her to talk to the server
about making substitutions.

Lifestyle messages should be culturally
appropriate to improve acceptability and
adherence. When people are approached
in a culturally sensitive way, they are
more receptive to health messages.!*!1
In addition, culturally appropriate advice
can be easier to use immediately, as
participants do not have to modify the
advice on their own to account for com-
mon food and activity choices in their
community. Culturally appropriate online
resources from expert groups such as
the American Diabetes Association and
others can be used for different patient
populations.

Many patients might be overwhelmed
by attempts to modify both diet and
physical activity simultaneously. Because
physical activity has been shown to
improve adherence to diet change, teach-
ing physical activity first in these cases
is advisable. In the Early ACTivity in
Diabetes study, patients with T2DM
taught simultaneously about physical
activity and diet reported that they used
physical activity to support diet change.
These participants reported that physi-
cal activity allowed them to offset “cheats
and treats” in their diet by including extra
activity sessions or time; improved men-
tal and physical health, thereby making it
easier to implement dietary changes; and

XXX @ XXX XXXX

helped them to control their blood
glucose level. " In addition, exercise
alone seems to be an important com-
ponent of diabetes prevention. As men-
tioned above, exercise is an independent
predictor of diabetes risk reduction in
lifestyle intervention programs, and in
the Da Qing Diabetes Prevention Study,
intervention groups with exercise edu-
cation alone or diet + exercise educa-
tion had a slightly greater reduction

in diabetes risk compared with con-
trols than the group with diet education
alone, although these differences were
nonsignificant.*

Regular physical activity is low in
T2DM populations.'” For patients who
are reluctant to participate in an exer-
cise program or for whom exercise is
new, gradually increasing their exercise
prescription until they are participating
in the recommended amount of physi-
cal activity will likely increase adherence
and acceptibility."® Both home-based
and gym-based training programs have
been shown to be effective in improving
health outcomes.™ In addition, programs
including both endurance and resistance
exercises increase compliance by allow-
ing participants to do a variety of exer-
cises'’; in T2DM patients and patients
with IGT, doing both types of exercise
enhances insulin sensitivity compared
with aerobic exercise alone.®

Short-term interventions of increased,
moderate-intensity exercise have been
demonstrated to increase fitness level'*»#!
and reduce cardiovascular'#'® and dia-
betes!*1%7 risk factors. Pedometers are
inexpensive, easy to use, encourage
monitoring and improvement in daily
physical activity levels, and allow for an
immediate, ongoing assessment of daily
physical activity goals. They require min-
imal effort and are compatible with most
activities of daily life.!”® Pedometers have
been shown to increase physical activity
levels in T2DM patients.® In the PREPARE
(Pre-diabetes Risk Education and
Physical Activity Recommendation and
Encouragement) Programme, overweight
or obese individuals with IGT were ran-
domized to receive a control interven-
tion or a single, group-based education
program with or without pedometers.
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Two-hour glucose decreased significantly
at 3 and 12 months and fasting glucose
decreased significantly at 3, 6, and 12
months in the pedometer group com-
pared with the control group at 3 and
12 months. In the intervention group
without pedometers, there was no sig-
nificant difference in fasting or 2-hour
glucose at any time point. Furthermore,
self-reported overall moderate-to-
vigorous activity and walking was signif-
icantly greater for the pedometer group
compared with the control group at all
time points.'®

Resistance training (RT), which has long
been touted for its strength-enhancing
effects, has recently been recognized for
its relationship to health and disease risk.
Moderate- to high-intensity RT performed
2 to 3 days per week is associated with
improvements in cardiovascular disease
risk factors in the absence of significant
weight loss. The addition of muscle-
strengthening exercises to a weight loss
program may help conserve free fat mass
and basal energy while facilitating weight
loss management. When paired with reg-
ular aerobic physical activity, RT may
represent a feasible exercise intervention
to promote healthy body composition
and prevent excess adiposity.®

Similar to increasing physical activity,
dietary changes can be made gradually
over time, starting with small behav-
ior changes (eg, eating fried foods only
on occasion or switching from white
to whole-grain breads). A prospective
analysis of the Whitehall I cohort com-
pared an unhealthy diet pattern (full-fat
dairy products, refined grains, processed
meat, and fried foods) with a sweet
dietary pattern (high-fat dairy, des-
sert items, processed meats, and refined
grains), a Mediterranean-like diet (fruits
and vegetables, rice, pasta, and wine),
and a healthy diet (low-fat dairy, whole
grains, fruits and vegetables, and mod-
erate alcohol). The authors found that
compared with the unhealthy diet, the
healthy diet, a low-fat diet rich in fiber,
reduced the 15-year risk of diabetes,
death from a coronary event, or nonfatal
myocardial infarction. Only the healthy
diet significantly reduced diabetes risk;
the hazards ratio for diabetes risk reduction

comparing the healthy diet to the
unhealthy diet was 0.71 (95% con-
fidence interval, 0.51-0.98)."! Diets
reduced in glycemic index and glycemic
load may also be useful in helping pre-
vent the development of T2DM.'* For
patients with T2DM, diets low in satu-
rated fat and high in unsaturated fat and
high in fruit, vegetable, and fiber intake
(eg, the Mediterranean diet) have also
been shown to be beneficial for glu-
cose control compared with diets with
higher contents of simple sugars and
carbohydrates.'

Many resources are available for
patients from organizations such as the
American Heart Association, provid-
ing diet advice, meal plans, recipes, and
tips consistent with a low-fat, high-fiber
diet. A recent study by Liese and col-
leagues® showed that following the
DASH (Dietary Approaches to
Stop Hypertension) dietary pattern
(a low-fat, high-fiber diet rich in vege-
tables, fruit, and low-fat dairy products)
was inversely associated with diabetes
risk. For patients requiring more guid-
ance on diet change, a registered dieti-
cian can provide individualized advice.

Patients at Particular Risk

Because lifestyle interventions may not
prevent the development of diabetes in
individuals whose prediabetes involves
a more severe B-cell defect, it is vital
that physicians continue to monitor their
patients. For some patients who enact
lifestyle change later in their natural his-
tory of glucose intolerance, glucose-
lowering drugs might be needed ear-
lier to complement the effect of lifestyle
interventions to reduce insulin resistance.
An American Diabetes Association con-
sensus statement recommends that indi-
viduals with both IFG and IGT and 1
additional risk factor for progression to
diabetes (age <60 years, BMI >35 kg/m?,
family history of diabetes in a first-degree
relative, elevated triglycerides, reduced
HDL cholesterol, or HbAlc >6.0%) should
be considered for treatment with metfor-
min, in addition to lifestyle modification.'®

Our studies indicate that up to 24 mil-
lion Americans may be at high risk of
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developing diabetes by this definition,®
so this is not a rare problem. Moreover,
the prevalence of high risk is 25% in
patients with IFG and FPG 100 to 109
mg/dL and 50% in patients with IFG and
FPG 110 to 125 mg/dL; thus, patients
with IFG should have an OGTT to see if
they are at particular risk.

Conclusion

In conclusion, T2DM is a major public
health problem in the United States and
worldwide. The rising prevalence of dia-
betes is due primarily to secular trends
in lifestyle choices (decreasing physi-
cal activity and increasing body weight),
which increase insulin resistance.
Fortunately, insulin resistance can be
decreased by lifestyle intervention pro-
grams. Lifestyle interventions, programs
promoting behavior changes for weight
loss, improvement in diet quality, and
increased physical activity, have been
shown to reduce diabetes incidence in
high-risk populations and are effective
tools for improving the health of
people with T2DM. Clinicians should
advise patients at risk of developing
T2DM and patients already diagnosed
with T2DM to modify their lifestyle by
providing them with culturally appro-
priate tools and social support while
continuing to monitor glucose levels
to chart patients’ progress and identify
deteriorations in glucose tolerance that
might signal a need for pharmacologic
therapy.”
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