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Inactivity and a sedentary lifestyle contribute to overweight, obesity, and cardiometabolic risk. Overweight and
obesity can lead to metabolic abnormalities, insulin resistance, type 2 diabetes mellitus (DM), lipid disorders,
and cardiovascular disease. Diet and exercise can effectively reverse overweight and obesity and their related
comorbidities. Modest weight loss (5%-10%) and modest physical activity (30 minutes a day) are first-line rec-
ommendations for the prevention of type2 DM. Clinical trials have demonstrated that insulin sensitivity can be
improved and type 2 DM can be prevented.through lifestyle modification and pharmacologic therapy, including

antiobesity drugs, antidiabetic drugs, statins, and antihypertensive drugs. The endocannabinoid system plays
an important role in'regulating metabolism through its effects on food intake at the level of the hypothalamus
and on body cemposition through peripheral effects on adipose tissue. (Clinical Cornerstone. 2007;8[3]:38-52)
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Obesity and overweight are growing health care chal-
lenges in the world today. It is estimated that >1.1 bil-
lion adults are overweight and 312 million of them are
obese.! The increasing prevalence of obesity in the
United States during the period 1991 to 2004 is shown
in the figure.> Worldwide, obesity is also an increasing
problem in children, with >155 million children being
overweight or obese.! Excess weight in patients should
not be ignored by primary care physicians owing to
the possibility that these patients might have other
cardiovascular risk factors as well, in particular, lipid
and/or glucose disorders. This article will review the
dyslipidemia and glucose dysregulation that occur in
overweight and obese patients and will discuss strate-
gies for reducing these risk factors. Some commonly
used terminology is given in Table I.

OVERWEIGHT AND OBESITY ARE

ASSOCIATED WITH CARDIOMETABOLIC RISK
Overweight, defined as a body mass index (BMI) of 25.0
to 29.9 kg/m?, and obesity, defined as a BMI >30 kg/m?,
are both associated with cardiometabolic risk. Other mea-
sures used to assess obesity include waist circumference
(WC) and waist-to-hip ratio (WHR). WC has been mea-
sured at different anatomic locations in various clinical
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studies (Table II)?; however, it is not known whether one
measurement site is preferable to any other. BMI provides
information about body volume and mass, while WC pro-
vides information about body shape (eg, the presence of
central adiposity).> Although BMI and WC are highly cor-
related (r values range from 0.80-0.95),3 using WC as a
surrogate for BMI can produce false positives and is not
recommended as the only measurement to be used. For
example, in the Third National Health and Nutrition
Examination Survey, 14% of women and 1% of men had
a high WC measurement (men, >40 in; women, >35 in)
but a normal BMI (18.5-24.9 kg/m?).3

The presence of increased cardiovascular risk in obese
individuals has been hypothesized to be partly related to
the amount and distribution of adipose tissue, although
the exact mechanisms are not well understood. The
impact of obesity on cardiovascular risk was investigated
recently in a study that assessed the association between
obesity measurements (BMI, WC, and WHR) and the
presence of coronary artery calcium and aortic plaque,
2 measures of subclinical atherosclerosis.* Although WC
and WHR were both more strongly associated with sub-
clinical atherosclerosis than BMI, the authors observed
that only WHR was independently associated with both
measures of atherosclerosis after adjustment for cardio-
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Figure. Increasing prevalence of obesity in the United States, by percentage and number of states.
Obesity was defined as body mass index >30 kg/m2. Reproduced with permission from
Oxford University Press. Haffner SM. Abdominal obesity, insulin resistance, and car-
diovascular risk in pre-diabetes and type 2 diabetes. Eur Heart J. 2006;8(Suppl B):

B20-B25.

vascular risk factors. Thus, using more than one mea-
surement is recommended.

EXCESS WEIGHT: LIFESTYLE FACTORS LEAD
TO LIPID DISORDERS

The increased prevalence of overweight and obesity in
the United States has contributed to an increase in mean
serum triglyceride (TG) levels. High TG levels in adults
also reflect lifestyle factors, such as a high intake of satu-
rated fat and cholesterol, excess weight, and a low physical
activity level.? In older adults, the overall trends observed
in serum lipids and lipoproteins are steady decreases in
both total cholesterol (TC) and low-density lipoprotein
cholesterol (LDL-C) levels®; however, these decreases
may reflect an increase in the use of lipid-lowering medi-
cations such as statins rather than to lifestyle modification
(ie, increased exercise or dietary changes).

Physicians should not ignore excess weight in their
patients and should routinely screen for cardiometabol-
ic risks, including hyperlipidemia. The management of
patients with lipid disorders consists of the following
steps: (1) determine whether a patient has a lipid disorder
that needs further evaluation and treatment; (2) define
the lipid disorder; (3) rule out secondary causes; (4) set
treatment goals; (5) initiate therapy based on the treat-
ment goal; and (6) follow-up with the patient.® Disparities
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have been observed in the use of lipid-lowering medi-
cations among patients with type 2 diabetes mellitus
(DM).” Patients less likely to be given lipid-lowering
medications include the elderly (aged >75 years), African
Americans, and veterans without recently coded heart
disease. However, even for patients who are prescribed
lipid-lowering medications, up to one third do not reach
the target LDL-C goal of <130 mg/dL,” the target for
lowering cholesterol in the absence of diabetes or cardio-
vascular disease (CVD).

KEY POINT

Physicians should not ignore excess
weight in their patients and should

routinely screen for cardiometabolic
risks, including hyperlipidemia.

The National Cholesterol Education Program—Adult
Treatment Panel III (ATP III) classification scheme for
various lipid levels is shown in Table IIL.® The LDL-C
goal is <160 mg/dL for patients at low risk for coronary
heart disease (CHD), <130 mg/dL for patients with mul-
tiple CHD risk factors, and <100 mg/dL for patients with
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TABLE I. DEFINITIONS OF TERMS.

Term Abbreviation

Definition

Adipokines

Cardiometabolic syndrome

Type 2 diabetes mellitus Type 2 DM

Impaired fasting glucose IFG

Impaired glucose tolerance IGT

Insulin resistance IR

Metabolic syndrome

Obesity

Class I

Class 11

Class III (extreme)
Overweight

Prediabetes

Bioactive peptides secreted by adipose tissue; regulate appetite
and energy balance, insulin sensitivity, lipid metabolism, blood
pressure, and inflammation

A constellation of maladaptive cardiovascular, renal, metabolic,
prothrombotic, and inflammatory abnormalities (visceral obesity
and associated insulin resistance/hyperinsulinemia, essential
hypertension, diabetic dyslipidemic syndrome, hypercoagulabili-
ty, hyperuricemia, increased cardiovascular inflammation, and
microalbuminuria)

Fasting plasma glucose level 2126 mg/dL (7.0 mmol/L) or 2-hour
75-g oral glucose tolerance test 2200 mg/dL (11.1 mmol/L)

Fasting plasma glucose level 100 to 125 mg/dL (5.6—6.9 mmol/L);
normal: <100 mg/dL

2-hour 75-g oral glucose tolerance test 140 to 199 mg/dL (7.8—
11.0 mmol/L); normal: <140 mg/dL

A state in which glucose uptake by adipocytes and muscle cells
in response to postprandial insulin secretion is impaired, often
with consequent hyperinsulinemia

A collection of lipid and nonlipid risk factors for coronary artery
disease, including abdominal adiposity, hypertension, insulin
resistance, atherogenic dyslipidemia (ie, high TG level, low
HDL-C level, small dense LDL particles), and prothrombotic and
proinflammatory states

BMI 30.0 to 34.9 kg/m>
BMI 35.0 to 39.9 kg/m?
BMI 240.0 kg/m?

BMI 25.0 to 29.9 kg/m?
Presence of IFG and/or IGT

TG = triglycerides; HDL-C = high-density lipoprotein cholesterol; LDL = low-density lipoprotein; BMI = body mass index.

CHD or type 2 DM. The ATP III guidelines were first
published in 2001, since that time several clinical trials
have been conducted with cholesterol-lowering therapy.
These studies have resulted in additional recommenda-
tions for cholesterol management. One important find-
ing sets a reasonable therapeutic option of targeting an
LDL-C goal of <70 mg/dL for very high risk patients.”
Of course, using pharmacotherapy to achieve lipid
goals is associated with a risk of patient nonadherence
or noncompliance with lipid-lowering medications. A
prospective survey of 12 months of dispensing data in
138 community pharmacies in Sydney, Australia, found
that of the 610 patients included in the study, 60% (366)
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discontinued their medication over the 12-month period.
Half of the discontinuations (183/610; 30%) occurred
within the first 3 months, and a quarter (92/610; 15%)
occurred within the first month.!”

PREVALENCE OF TYPE 2 DIABETES MELLITUS
CORRELATED WITH OBESITY

There is an emerging epidemic of people with insulin-
resistant states, including type 2 DM.!! The number
of people with DM worldwide is projected to increase
from 171 million in 2000 to 366 million by 2030.! The
prevalence of type 2 DM in the United States is projected
to increase by 72%, from 19.7 million cases in 2000 to
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TABLE Il. ANATOMIC LOCATIONS USED FOR
MEASURING WAIST CIRCUMFERENCE

IN DIFFERENT CLINICAL STUDIES.?

e Midpoint between the lowest rib and the iliac crest

e The umbilicus

e Narrowest (minimum) or widest (maximum) waist circumference
e Just below the lowest rib

e Just above the iliac crest

33.9 million cases in 2030." A study of current trends in
prevalence data and the US Bureau of Census projections
indicates an increase of 165%, from 11 million in 2000
(prevalence of 4.0%) to 29 million in 2050 (prevalence
of 7.2%)."> The fastest growing group with diabetes is pro-
jected to be black males (+363% from 2000 to 2050), and
the largest percentage increase in DM will be among indi-
viduals aged >75 years (men, +437%; women, +271%).!?

There are ethnic differences in the tendency to develop
type 2 DM. In the United States, the prevalence of DM
is 21% in Hispanics compared with 3% in non-Hispanic
Americans,'® and the prevalence in native Hawaiians is
4 times higher than that of the general population.!4
South Asians are 4 to 5 times more likely to develop type 2
DM than Caucasians,! and the incidence of DM in the
Pima Indians of Arizona is 19 times higher than that of
white Americans (prevalence: 40%—-50%).!® The overall
prevalence of diabetes in the United States is expected
to increase by 24% in the next 12 to 15 years.”” The
prevalence is expected to increase even more for some
minority populations: an increase of >100% is expected
among Hispanics in the United States."’

The increase in the prevalence of type 2 DM is cor-
related with the increase in obesity; 90% of type 2 DM
cases are attributable to excess weight.!

METABOLIC ABNORMALITIES IN
OVERWEIGHT AND OBESE INDIVIDUALS
Overweight and obesity often lead to metabolic abnor-
malities, insulin resistance, type 2 DM, lipid disorders, and
CVD. A study of lipid alterations in young, middle-aged,
and older white men found that higher BMI was associated
in all age groups with higher TG levels, lower high-density
lipoprotein cholesterol (HDL-C) levels, and higher TC and
non-HDL-C levels.”® In young men, the higher TC levels
were reflected mainly in the LDL-C fraction; in contrast,

41

TABLE Ill. NCEP ADULT TREATMENT PANEL lil
CLASSIFICATION OF LOW-DENSITY

LIPOPROTEIN CHOLESTEROL

(LDL-C), TOTAL CHOLESTEROL (TC),
AND HIGH-DENSITY LIPOPROTEIN
CHOLESTEROL (HDL-C).

LDL-C, mg/dL*

<100 Optimal
100-129 Near or above optimal
130-159 Borderline high
160-189 High
=190 Very high

TC, mg/dL
<200 Desirable
200-239 Borderline high
>240 High

HDL-C, mg/dL
<40 Low
>60 High

*Recent clinical trials suggest a reasonable therapeutic option
of targeting an LDL-C goal of <70 mg/dL for very high risk
patients.”

Reproduced with permission from Executive Summary of the Third

Report of the National Cholesterol Education Program (NCEP)

Expert Panel on Detection, Evaluation, and Treatment of High

Blood Cholesterol in Adults (Adult Treatment Panel III). JAMA.

2001;285:2493. © Copyright 2001, American Medical Association.

All rights reserved.

the TC levels in middle-aged and older men were reflected

in the non—-HDL-C fraction. Thus, programs to reduce

CHD by improving lipid levels should emphasize achiev-

ing and maintaining ideal body weight.!®

KEY POINT

A study of lipid alterations in young,
middle-aged, and older white men
found that higher BMI was associ-
ated in all age groups with higher
TG levels, lower HDL-C levels, and
higher TC and non-HDL-C levels.

The metabolic risk profiles in men and women were
examined in a study conducted in 3001 participants in
the Framingham Heart Study.'® In particular, the asso-
ciation of visceral adipose tissue (VAT) with different
pathologic conditions was examined in both men and
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women. The prevalence of hypertension, impaired fast-
ing glucose (IFG), and metabolic syndrome increased
significantly across increasing VAT quartiles for both
overweight and obese patients. There was a tendency for
the prevalence of metabolic syndrome to be greater in
women than in men. At the same time, the prevalence of
IFG was greater in men than in women among normal
weight, overweight, and obese individuals.

Lemieux et al?® identified a triad of unconventional
metabolic risk variables (elevated fasting insulin, apo-
lipoprotein B levels, and small dense LDL particles) that
was associated with the risk of developing coronary artery
disease. This study, conducted in 185 healthy men, showed
that >80% of the men with WC 290 cm and elevated TG
levels (236 mg/dL [2.0 mmol/L]) had the atherogenic met-
abolic triad associated with CHD. The investigators sug-
gested that patients should be screened routinely for the
presence of this triad by measuring WC and fasting TG
levels. The same association of WC and fasting TG levels
and the presence of the atherogenic metabolic triad was
subsequently reported for women?!' and adolescents.??

Postprandial hyperlipidemia is a common metabolic
abnormality that has been associated with abdominal
obesity.”3 During the postprandial phase, atherogenic lipo-
proteins and their remnants are continually challenging the
vascular endothelium.?* It has been suggested that postpran-
dial hyperlipidemia might be more important to the risk of
CHD than fasting TG levels>~2"; however, measurement of
postprandial lipid levels is not readily available to most phy-
sicians. A study conducted in 69 men found an association
between WC, elevated fasting TG levels, and postprandial
hyperlipidemia.?® Thus, the presence of both a WC >90 cm
and an elevated fasting plasma TG level identifies men who
have an exaggerated postprandial plasma TG response and
an increased risk of developing CHD.

Lipid abnormalities have also been examined in over-
weight and obese children and adolescents. In a study con-
ducted in 82 obese adolescents, a relationship was observed
between lipid levels and insulin resistance (IR).>’ The obese
adolescents had significantly elevated LDL-C and TG levels
and low levels of HDL-C compared with nonobese ado-
lescents. In another more recent study, an abnormal HDL
subclass distribution toward smaller particles was observed
in overweight children with IR or type 2 DM.3"

Obesity is an independent risk factor for CVD,
but the conventional BMI classifications and WC
cut points that indicate obesity are based on data
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from European populations. Studies in South Asians
and Chinese populations’3? show an increased risk
of type 2 DM and dyslipidemia in these individuals,
even with BMI values <25.0 kg/m2. A recent study
determined the following BMI cut points of obesity
for non-European populations*: South Asian, 21.0 to
28.8 kg/m?; Chinese, 20.6 to 25.9 kg/m?; and aboriginal
people, 21.8 to 26.1 kg/m>. The International Diabetes
Federation also has published WC cut points that indicate
central obesity for different ethnic groups (Table IV).3
It is important to keep in mind, however, that dyslipi-
demias do not consistently occur in overweight and
obese individuals.?¢

PREDIABETES CONFERS INCREASED
CARDIOMETABOLIC RISK

Prediabetes, defined by the American Diabetes Association’’
as the presence of IFG (fasting plasma glucose [FPG] value
of 100-125 mg/dL [5.6-6.9 mmol/L]) and/or impaired
glucose tolerance (IGT) (2-hour 75-g oral glucose tolerance
test [OGTT] value of 140-199 mg/dL [7.8—11.0 mmol/L]),
is associated with a substantial risk of progression to type
2 DM. In fact, ~3% to 10% of patients with prediabetes
develop diabetes annually.® The rates of progression
to diabetes are similar for patients with either IFG or
IGT340: however, the combination of IFG and IGT is
associated with an even greater risk than either category
alone.’” A longitudinal population-based study (n = 3717)
found that 26% of subjects progressing to type 2 DM
were predicted by their baseline IFG values and that a
further 35% who progressed could be identified by their
IGT value. The investigators concluded that screening
to predict progression to diabetes by IFG alone identi-
fies fewer people than does IGT as assessed by OGTT.*!
Overall, the presence of prediabetes confers a 6-fold
increased risk of diabetes compared with normal glucose
tolerance.

Patients with prediabetes also have an increased
risk of CVD and cardiovascular and all-cause mor-
tality.*>*3 In the Australian Diabetes, Obesity, and
Lifestyle Study (AusDiab), IFG was associated with a
2.5-fold increased risk of a fatal cardiac event within
5 years, and diabetes or prediabetes accounted for 65% of
all heart disease deaths.** In this study, 10,429 individu-
als (mean age, 51 years) were followed for a mean of
5.2 years. Thirty-four percent of deaths occurring during the
follow-up period were due to heart disease. The 5-year
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TABLE IV. INTERNATIONAL DIABETES FEDERATION ETHNIC* AND GENDER-SPECIFIC VALUES FOR

WAIST CIRCUMFERENCE IN ASSESSING CENTRAL OBESITY.

Country/Ethnic Group Waist Circumference, cm
Europids’ Male >94

Female >80
South Asians (based on Chinese, Male >90
Malaysian, and Asian-Indian populations) Female >80
Chinese Male 290

Female >80
Japanese Male 290

Female >80
Ethnic South and Central Americans Use South Asian recommendations until more specific data are available
Sub-Saharan Africans Use European data until more specific data are available

Eastern Mediterranean and
Middle Eastern (Arab) populations Use European data until more specific data are available

*Not country of residence.

In the United States, the National Cholesterol Education Program—Adult Treatment Panel III values (male, 102 cm; female, 88 cm) are likely
to continue to be used for clinical purposes.

Reprinted with permission from the International Diabetes Federation Consensus Worldwide Definition of the Metabolic Syndrome.
International Diabetes Federation, Brussels, 2006.

death rate for individuals with normal glucose metabo-

lism at baseline was 1.7% versus 12.0%, 5.2%, and 3.9% KEY POINT

for those with diabetes, IGT, or IFG, respectively. These

results confirm the clinical importance of prediabetes A study in 173 Australian adults

and reinforce the need to target glucose abnormalities to found that sedentary time was posi-
prevent the progression to diabetes. tively associated with 2-hour post-

challenge plasma glucose levels,
SEDENTARY LIFESTYLE CONTRIBUTES TO

CARDIOMETABOLIC RISK

Inactivity and a sedentary lifestyle contribute to over-
weight, obesity, and cardiometabolic risk. A prospective ly associated with glucose levels.
study conducted over 5.6 years in 605 middle-aged men

found a negative association between energy expenditure

while activity of light and moderate
to vigorous intensity were negative-

during physical activity and progression toward metabolic ~ conducted in 173 Australian adults found that sedentary
syndrome independent of aerobic fitness or obesity.*>  time was positively associated with 2-hour postchallenge
This inverse relationship between physical activity and  plasma glucose levels, while activity of light and moder-
metabolic risk was also observed in a study conducted in  ate to vigorous intensity were negatively associated with
10-year-old Danish children.*® A recent study conducted  glucose levels.*® Therefore, even light-intensity physical
in >8000 Australian adults found a positive association  activity has a beneficial effect on blood glucose levels.
between television viewing time (as an indication of sed-

entary behavior) and FPG and 2-hour postchallenge plas-  LIFESTYLE CHANGES REDUCE

ma glucose levels.*” The strongest associations observed ~ CARDIOMETABOLIC RISK FACTORS

were for the 2-hour postchallenge plasma glucose level — Diet and increased physical activity can effectively
and for women. Thus, sedentary behavior appears to be  reverse overweight, obesity, and their related comorbidi-
more deleterious in women than in men. Another study  ties. Modest weight loss (5%-10%) and modest physical
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activity (30 minutes daily) are first-line recommenda-
tions for the prevention of type 2 DM.?* Studies pub-
lished recently*#¢ provide supporting evidence of the
efficacy of both diet and exercise in reversing obesity and
obesity-related comorbidities.

A study conducted in 48 overweight patients showed
that larger subcutaneous abdominal adipocytes were
associated with increased lipid deposition in visceral and
hepatic tissues, and this trend promoted the development
of IR.* In this study, the trend to IR was reversed both
by diet alone and by diet with exercise.

In a 3-month study, 52 obese men were randomized
to one of the following groups: diet-induced weight loss,
exercise-induced weight loss, exercise without weight loss,
or control.”® Exercise-induced weight loss without caloric
restriction reduced both abdominal obesity and IR. Exercise
without weight loss also reduced abdominal fat and pre-
vented further weight gain. The investigators concluded that
walking briskly for 60 minutes daily is effective in reducing
obesity and IR, even without caloric restriction.

KEY POINT

Walking briskly for 60 minutes daily
is effective in reducing obesity and
insulin resistance (IR), even without
caloric restriction.

In another study,”' 311 women were randomly assigned
to 1 of 4 diets for 12 months: Atkins>? (very low in carbo-
hydrate), Zone>? (low in carbohydrate), Lifestyle, Exercise,
Attitudes, Relationships, and Nutrition (LEARN)* (low
in fat, high in carbohydrate, based on national guidelines),
and Ornish> (very high in carbohydrate). Women assigned
to the Atkins diet lost more weight and experienced more
favorable overall metabolic effects with respect to lipid
outcomes at 12 months than women assigned to the other
diets. The authors concluded that a low-carbohydrate,
high-protein, high-fat diet is a reasonable recommendation
for weight loss, at least for the duration of the study.

Four diets with varying glycemic indexes (GIs) were
compared in terms of weight loss and cardiovascular
risk reduction in 129 overweight or obese young
adults.”® Participants were randomized to either a high-
carbohydrate/low-GI diet, a high-carbohydrate/high-GI
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diet, a high-protein/low-GI diet, or a high-protein/high-GI
diet. The high-protein and low-GI diets increased body fat
loss, but cardiovascular risk reduction was optimized by
the high-carbohydrate/low-GI diet.

A clinical trial conducted in 73 obese young adults
involved 6 months of intensive intervention followed by
a 12-month follow-up period.”’ The participants were
randomized to receive either a low-GI diet or a low-fat
diet. Overall, there were no differences in weight loss
and body fat changes between the groups. However, in
participants with high insulin secretion, the low-GI diet
resulted in a greater decrease in weight and body fat, as
well as beneficial effects on HDL-C and TG levels. The
authors concluded that a low-GI diet may promote a higher
degree of weight loss and body fat change than a low-fat
diet in obese patients with high insulin secretion.

Finally, a meta-analysis®® of 5 randomized, controlled
trials that included a total of 447 patients found that,
after 6 months, patients assigned to low-carbohydrate diets
had lost more weight than those randomized to low-fat
diets (weighted mean difference —3.3 kg; 95% CI, -5.3 to
—1.4 kg); however, after 12 months, the difference was only
—-1.0 kg (weighted mean; 95% CI, -3.5 to 1.5 kg). After
6 months, TG and HDL-C levels changed more favorably in
patients assigned to low-carbohydrate diets, while TC and
LDL-C levels changed more favorably in patients assigned to
low-fat diets. The authors concluded that low-carbohydrate,
non—energy-restricted diets appear to be as effective as low-
fat, energy-restricted diets in inducing weight loss for up to
1 year. However, because of the possibility of unfavorable
changes in TC and LDL-C levels, low-carbohydrate diets are
not recommended for the prevention of CVD.

KEY POINT

IR is associated with an atherogenic
dyslipidemia that confers a high risk
of atherosclerosis and CVD.

INSULIN RESISTANCE AND DYSLIPIDEMIA

IR is associated with an atherogenic dyslipidemia that
confers a high risk of atherosclerosis and CVD. There
appears to be impairment in key modulators of insulin-
signaling molecules and cascades with IR, resulting
in disordered lipoprotein metabolism.!" As mentioned
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earlier, the dyslipidemia associated with IR consists of
elevated levels of TG, small dense LDL particles and
very-low-density lipoprotein, and decreased HDL-C lev-
els, all of which are risk factors for CVD.!!

Adipose tissue has an endocrine function that includes
secretion of various bioactive peptides called adipokines
that are involved in the regulation of biological functions
(eg, appetite, energy balance, insulin sensitivity, lipid me-
tabolism, blood pressure, and inflammation). One hy-
pothesis is that changes in the synthesis and secretion of
adipokines contribute to the development of obesity and
obesity-related diseases.”® Altered secretion of adipokines
can result in local inflammation, which contributes to the
development of IR. Chronic low-grade inflammation and IR
may result in vascular dysfunction (ie, atherosclerosis) and
metabolic dysfunction (ie, type 2 DM).* It has been further
hypothesized that inflammation is the link between IR, obe-
sity, and type 2 DM.% Recent studies show that obesity is a
state of chronic inflammation and is associated with elevated
levels of various proinflammatory cytokines. It has also been
suggested that adipokines secreted by adipose tissue may
directly influence vessel walls by influencing the function of
endothelial cells and arterial smooth muscle cells.®!

PREVENTION OF INSULIN RESISTANCE AND
TYPE 2 DIABETES MELLITUS

Clinical trials have demonstrated that insulin sensitivi-
ty can be improved and type 2 DM can be prevented
through lifestyle modification and pharmacologic

therapy (Table V3940:62-65) In the Diabetes Prevention
Program,? 3234 patients with IGT and a BMI >24 kg/m?
were randomly assigned to 1 of 3 groups: placebo, met-
formin, or intensive lifestyle modification (counseling
regarding a low-calorie, low-fat diet and moderate-intensity
exercise for 150 min/wk). After a mean follow-up of
2.8 years, there was a 58% relative risk reduction in the
progression to type 2 DM in the intensive lifestyle inter-
vention group compared with the placebo group, while
metformin reduced the progression to type 2 DM by 31%
compared with placebo. Lifestyle intervention was effec-
tive in both men and women and in all ethnic groups. It
was most beneficial in patients aged >60 years, who
experienced a relative risk reduction in the progression
to type 2 DM of 71%. Lifestyle intervention was almost
twice as effective as medication in preventing type 2 DM
(58% vs 31%).

KEY POINT

Clinical trials have demonstrated
that insulin sensitivity can be
improved and type 2 DM can be
prevented through lifestyle modifi-
cation and pharmacologic therapy.

TABLE V. SUMMARY OF MAJOR DIABETES PREVENTION TRIALS.

Mean BMI, Relative Risk

Study Study Population kg/m? Type of Intervention Reduction, %
Diabetes Prevention Program®? 3234 Patients with IGT 34 Lifestyle modification 58
Metformin 850 mg BID 31
Finnish Diabetes Prevention Study> 522 Patients with IGT 31 Lifestyle modification 58
Da Qing IGT and Diabetes Study*’ 577 Patients with IGT 25.8 Diet 31
Exercise 46
Diet + exercise 42
STOP-NIDDM Trial® 1429 Patients with IGT 31 Acarbose 100 mg TID 25
DREAM Study®* 5269 Patients with IGT 31 Rosiglitazone 8 mg/d 60

and/or IFG

BMI = body mass index; IGT = impaired glucose tolerance; STOP-NIDDM = Study TO Prevent Non—-Insulin-Dependent Diabetes
Mellitus; DREAM = Diabetes REduction Assessment with ramipril and rosiglitazone Medication; IFG = impaired fasting glucose.
Reproduced with permission from American Family Physician. © Copyright 2004, American Academy of Family Physicians. All rights

reserved.
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In the Finnish Diabetes Prevention Study,3%%° 522 obese
patients were randomly assigned to a control group or to
an intervention group. The intervention group received
intensive individualized instruction on weight reduction,
food intake, and increasing physical activity. After a
mean follow-up of 3.2 years, the intervention group expe-
rienced a 58% relative risk reduction in the incidence of
diabetes compared with the control group.

In the Da Qing IGT and Diabetes Study in China,*
577 patients with IGT were randomized to 1 of 3 groups: diet
only, exercise only, or diet plus exercise. The exercise-only
and diet plus exercise regimens resulted in risk reductions in
the progression to type 2 DM of 46% and 42%, respectively,
compared with 31% for the diet-only regimen.

In the Study TO Prevent Non-Insulin-Dependent
Diabetes Mellitus (STOP-NIDDM),%* patients with IGT
who were treated with acarbose showed a 25% relative
risk reduction in the progression to type 2 DM. Acarbose
is an o-glucosidase inhibitor. When acarbose therapy
was discontinued at the end of the study, the incidence of
diabetes increased, indicating that this drug therapy must
be continued to maintain its preventive effects.

The Diabetes REduction Assessment with ramipril and
rosiglitazone Medication (DREAM) trial®* was conducted
in 24,592 adults with IGT and/or IFG. Rosiglitazone in con-
junction with exercise and nutritional counseling reduced
the risk of type 2 DM or death by 60% compared with pla-
cebo. Furthermore, rosiglitazone increased the likelihood
of regression to normoglycemia by 70% to 80% compared
with placebo. The effects of rosiglitazone were of the same
order of magnitude as the reductions obtained with lifestyle
modification described earlier in this section.

NEW AGENTS FOR REDUCING RISK

The various pharmacologic interventions that have been
used to improve cardiometabolic risk factors include
antiobesity drugs (eg, orlistat, sibutramine), antidiabetic
drugs (eg, metformin, sulfonylureas, thiazolidinediones
[TZDs], acarbose), hypolipidemic drugs (eg, statins),
and antihypertensive drugs (eg, diuretics, B-blockers,
calcium channel blockers, angiotensin-converting
enzyme inhibitors, angiotensin II receptor blockers).
TZDs, which are peroxisome proliferator-activated
receptor-y ligands, act by sensitizing tissues to insulin
action.b”.%® Metformin, a biguanide, acts on hepatic and
muscle tissue and is associated with improvements in
IR and B-cell function.%®
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The endocannabinoid system plays an important
role in regulating metabolism through its effects on
food intake at the level of the hypothalamus, as well
as body composition through its postulated effects on
adipose tissue (Table VI).® Increased activity of the
endocannabinoid system affects food intake, energy
expenditure, regulation of body weight, and glucose and
lipid metabolism.”'~73 Increased activity at cannabinoid
type 1 receptor sites in the brain is associated with
intra-abdominal adiposity (as measured by WC) and
increased weight.”! In peripheral sites, increased activity
at cannabinoid type 1 receptor sites is associated with
cardiometabolic risk factors, such as dyslipidemia and
IR.7*-78 Dysregulation of the endocannabinoid system
is implicated in abdominal adiposity,”” and abdominal
obesity is associated with increased levels of circulating
plasma endocannabinoids. Thus, the endocannabinoid
system may represent a possible target for the treatment
of abdominal obesity and associated metabolic changes.

Rimonabant, a selective cannabinoid type 1 antago-
nist, has been shown to improve several metabolic
pathologies associated with type 2 DM and CVD risk
and concomitantly reduce weight and WC.8" Treatment
with rimonabant 20 mg produced greater weight loss and
reductions in WC than placebo after 1 year.?-83
Rimonabant therapy was also associated with favorable

TABLE VI. EFFECTS OF CANNABINOID

RECEPTOR TYPE 1 BLOCKADE

ON FOOD INTAKE AND
CARDIOMETABOLIC RISK FACTORS.

Type of Blockade Effect

Central blockade

(Hypothalamus) d Food intake

Peripheral blockade J Abdominal fat (waist circumference)

(Adipose tissue) { Triglycerides

4 Small dense low-density lipoprotein
{ C-reactive protein

{ Insulin resistance

T Adiponectin

T High-density lipoprotein

Reprinted from Gelfand EV, Cannon CP. Rimonabant: A cannabi-
noid receptor type 1 blocker for management of multiple cardio-

metabolic risk factors. J Am Coll Cardiol. 2006;47:1919-1926.
© Copyright 2006, with permission from Elsevier.
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changes in serum lipid levels and improved glycemic
control in patients with prediabetes and type 2 DM.3

CONCLUSIONS

Overweight and obesity often lead to metabolic abnor-
malities, insulin resistance, type 2 DM, lipid disorders,
and CVD. Inactivity and a sedentary lifestyle contribute
to overweight and obesity, as well as cardiometabolic
risk. Studies have shown that diet and exercise can
effectively reverse overweight, obesity, and their related
comorbidities. Prediabetes, defined as the presence of
IFG and/or IGT, is associated with a substantial risk of
progression to type 2 DM. Clinical trials have demon-
strated that insulin sensitivity can be improved and that
type 2 DM can be prevented by lifestyle modification
and pharmacologic therapy.

ACKNOWLEDGMENT

The author would like to thank Carol Lewis for her
writing and research assistance in the preparation of his
manuscript.

REFERENCES

1. Hossain P, Kawar B, El Nahas M. Obesity and diabetes in
the developing world—a growing challenge. N Engl J Med.
2007;356:213-215.

2. Haffner SM. Abdominal obesity, insulin resistance, and
cardiovascular risk in pre-diabetes and type 2 diabetes.
Eur Heart J Suppl. 2006;8(Suppl B):B20-B25.

3. Klein S, Allison DB, Heymsfield SB, et al. Waist circum-
ference and cardiometabolic risk: A consensus statement
from Shaping America’s Health: Association for Weight
Management and Obesity Prevention; NAASO, the
Obesity Society; the American Society for Nutrition; and
the American Diabetes Association. Diabetes Care.
2007;30:1647-1652.

4. See R, Abdullah SM, McGuire DK, et al. The association
of differing measures of overweight and obesity with
prevalent atherosclerosis: The Dallas Heart Study. J Am
Coll Cardiol. 2007;50:752-759.

5. Carroll MD, Lacher DA, Sorlie PD, et al. Trends in serum
lipids and lipoproteins of adults, 1960-2002. JAMA.
2005;294:1773-1781.

Eaton CB. Hyperlipidemia. Prim Care. 2005;32:1027-1055.

Safford M, Eaton L, Hawley G, et al. Disparities in use of

lipid-lowering medications among people with type 2

diabetes mellitus. Arch Intern Med. 2003;163:922-928.

8. Executive Summary of the Third Report of the National
Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel III). JAMA.
2001;285:2493.

9. Grundy S, Cleeman JI, Bairey CN, et al. Implications of
recent clinical trials for the National Cholesterol Education

~N o

47

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Program Adult Treatment Panel I1I guidelines. Circulation.
2004;110:227-239.

Simons LA, Levis G, Simons J. Apparent discontinuation
rates in patients prescribed lipid-lowering drugs. Med J Aust.
1996;164:208-211.

Avramoglu RK, Basciano H, Adeli K. Lipid and lipopro-
tein dysregulation in insulin resistant states. Clin Chim
Acta. 2006;368:1-19.

Boyle JP, Honeycutt AA, Narayan KM, et al. Projection of
diabetes burden through 2050: Impact of changing demog-
raphy and disease prevalence in the U.S. Diabetes Care.
2001;24:1936-1940.

Glaser NS, Jones KL. Non-insulin dependent diabetes
mellitus in Mexican-American children. West J Med.
1998;168:11-16.

Grandinetti A, Chang HK, Mau MK, et al. Prevalence of
glucose intolerance among Native Hawaiians in two rural
communities. Native Hawaiian Health Research (NHHR)
Project. Diabetes Care. 1998;21:549-554.

American Association of Physicians of Indian Origin.
Diabetes in South Asians. http:/www.aapimsr.org/Diabetes/
diabetesfacts.htm. Accessed October 8, 2007.

Knowler SC, Bennett PH, Hamman RF, Miller M.
Diabetes incidence and prevalence in Pima Indians: A
19-fold greater incidence than in Rochester, Minnesota.
Am J Epidemiol. 1978;108:497-505.

Hogan P, Dall T, Nikolov P. Economic costs of diabetes in
the US in 2002. Diabetes Care. 2003;26:917-932.

Denke MA, Sempos CT, Grundy SM. Excess body weight.
An underrecognized contributor to high blood cholesterol
levels in white American men. Arch Intern Med. 1993,
153:1093-1103.

Fox CS, Massaro JM, Hoffmann U, et al. Abdominal
visceral and subcutaneous adipose tissue compartments:
Association with metabolic risk factors in the Framingham
Heart Study. Circulation. 2007;116:39-48.

Lemieux I, Pascot A, Couillard C, et al. Hypertriglyceri-
demic waist: A marker of the atherogenic metabolic triad
(hyperinsulinemia; hyperapolipoprotein B; small, dense
LDL) in men? Circulation. 2000;102:179-184.

LaMonte MJ, Ainsworth BE, DuBose KD, et al. The
hypertriglyceridemic waist phenotype among women.
Atherosclerosis. 2003;171:123-130.

Esmaillzadeh A, Mirmiran P, Azizi F. Clustering of meta-
bolic abnormalities in adolescents with the hypertriglyceri-
demic waist phenotype. Am J Clin Nutr. 2006;83:36—46.
Couillard C, Bergeron N, Prud’homme D, et al.
Postprandial triglyceride response in visceral obesity in
men. Diabetes. 1998;47:953-960.

Alipour A, Elte JW, van Zaanen HC, et al. Postprandial
inflammation and endothelial dysfunction. Biochem Soc
Trans. 2007;35:466—469.

Patsch JR, Miesenbock G, Hopferwieser T, et al. Relation
of triglyceride metabolism and coronary artery disease.
Studies in the postprandial state. Arterioscler Thromb.
1992;12:1336-1345.

Boquist S, Ruotolo G, Tang R, et al. Alimentary lipemia,
postprandial triglyceride-rich lipoproteins, and common
carotid intima-media thickness in healthy, middle-aged
men. Circulation. 1999;100:723-728.



Clinical Cornerstone = CARDIOMETABOLIC RISK AND RISK MANAGEMENT = Vol. §, No. 3

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Lupattelli G, Pasqualini L, Siepi D, et al. Increased post-
prandial lipemia in patients with normolipemic peripheral
arterial disease. Am Heart J. 2002;143:733-738.
Blackburn P, Lamarche B, Couillard C, et al. Postprandial
hyperlipidemia: Another correlate of the “hypertriglyceri-
demic waist” phenotype in men. Atherosclerosis. 2003;171:
327-336.

Steinberger J, Moorehead C, Katch V, Rocchini AP.
Relationship between insulin resistance and abnormal lipid
profile in obese adolescents. J Pediatr. 1995;126:690—-695.
Perez-Mendez O, Torres-Tamayo M, Posadas-Romero C,
et al. Abnormal HDL subclasses distribution in over-
weight children with insulin resistance or type 2 diabetes
mellitus. Clin Chim Acta. 2007;,376:17-22.

Unwin N, Harland J, White M, et al. Body mass index,
waist circumference, waist-hip ratio, and glucose intoler-
ance in Chinese and Europid adults in Newcastle, UK.
J Epidemiol Community Health. 1997;51:160-166.
Lovegrove JA, Brady LM, Lesauvage SV, et al. Lack of
association between central adiposity and lipaemia in UK
Sikh men. Int J Obes Relat Metab Disord. 2003;27:1373—
1382.

Jafar TH, Chaturvedi N, Pappas G. Prevalence of over-
weight and obesity and their association with hyperten-
sion and diabetes mellitus in an Indo-Asian population.
CMAJ. 2006;175:1071-1077.

Razak F, Anand SS, Shannon H, et al. Defining obesity cut
points in a multiethnic population. Circulation. 2007;115:
2111-2118.

International Diabetes Federation. Care and Education.
IDF Metabolic Syndrome Definition. The IDF Consensus
Worldwide Definition of the Metabolic Syndrome. www.
idf.org. Accessed September 25, 2007.

Dandona P, Aljada A. A rational approach to pathogenesis
and treatment of type 2 diabetes mellitus, insulin resis-
tance, inflammation, and atherosclerosis. Am J Cardiol.
2002;90:27G-33G.

American Diabetes Association. Standards of medical
care in diabetes—2006. Diabetes Care. 2006;29(Suppl 1):
S4-S42.

Twigg SM, Kamp MC, Davis TM, et al. Prediabetes: A
position statement from the Australian Diabetes Society and
Australian Diabetes Educators Association. Med J Aust.
2007;186:461-465.

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

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;20:537-544.

Shaw JE, Zimmet PZ, de Courten M, et al. Impaired fast-
ing glucose or impaired glucose tolerance. What best
predicts future diabetes in Mauritius? Diabetes Care.
1999;22:399-402.

Coutinho M, Gerstein HC, Wang Y, Yusuf S. The rela-
tionship between glucose and incident cardiovascular
events. A metaregression analysis of published data from

48

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

20 studies of 95,783 individuals followed for 12.4 years.
Diabetes Care. 1999;22:233-240.

Liao D, Shofer JB, Boyko EJ, et al. Abnormal glucose
tolerance and increased risk for cardiovascular disease in
Japanese-Americans with normal fasting glucose. Diabetes
Care. 2001;24:39-44.

Barr EL, Zimmet PZ, Welborn TA, et al. Risk of cardio-
vascular and all-cause mortality in individuals with diabetes
mellitus, impaired fasting glucose, and impaired glucose
tolerance. The Australian Diabetes, Obesity, and Lifestyle
Study (AusDiab). Circulation. 2007;116:151-157.

Ekelund U, Brage S, Franks PW, et al. Physical activity
energy expenditure predicts progression toward the
metabolic syndrome independently of aerobic fitness in
middle-aged healthy Caucasians: The Medical Research
Council Ely Study. Diabetes Care. 2005;28:1195-1200.
Brage S, Wedderkopp N, Ekelund U, et al. Features of the
metabolic syndrome are associated with objectively mea-
sured physical activity and fitness in Danish children: The
European Youth Heart Study (EYHS). Diabetes Care.
2004;27:2141-2148.

Dunstan DW, Salmon J, Healy GN, et al. Association of
television viewing with fasting and 2-h postchallenge
plasma glucose levels in adults without diagnosed diabe-
tes. Diabetes Care. 2007;30:516-522.

Healy GN, Dunstan DW, Salmon J, et al. Objectively
measured light-intensity physical activity is independently
associated with 2-h plasma glucose. Diabetes Care. 2007,
30:1384-1389.

Larson-Meyer DE, Heilbronn LK, Redman LM, et al.
Effect of calorie restriction with or without exercise on
insulin sensitivity, beta-cell function, fat cell size, and
ectopic lipid in overweight subjects. Diabetes Care.
2006;29:1337-1344.

Ross R, Dagnone D, Jones PJ, et al. Reduction in obesity
and related comorbid conditions after diet-induced weight
loss or exercise-induced weight loss in men. A random-
ized, controlled trial. Ann Intern Med. 2000;133:92—-103.
Gardner CD, Kiazand A, Alhassan S, et al. Comparison
of the Atkins, Zone, Ornish, and LEARN diets for change
in weight and related risk factors among overweight pre-
menopausal women: The A TO Z Weight Loss Study:
A randomized trial. JAMA. 2007;297:969-977.

Atkins R. Dr. Atkins’ New Diet Revolution. New York,
NY: Harper Collins; 2002.

Sears B, Lawren W. Enter the Zone. New York, NY: Har-
per Collins; 1995.

Brownell KD. The LEARN Manual for Weight Manage-
ment. Dallas, Tex: American Health Publishing Co; 2000.
Ornish D. Eat More, Weigh Less. New York, NY: Harper
Collins; 2001.

McMillan-Price J, Petocz P, Atkinson F, et al. Comparison
of 4 diets of varying glycemic load on weight loss and
cardiovascular risk reduction in overweight and obese
young adults: A randomized controlled trial. Arch Intern
Med. 2006;166:1466—-1475.

Ebbeling CB, Leidig MM, Feldman HA, et al. Effects of
a low-glycemic load vs low-fat diet in obese young adults:
A randomized trial. JAMA. 2007;297:2092-2102.
Nordmann AJ, Nordmann A, Briel M, et al. Effects of
low-carbohydrate vs low-fat diets on weight loss and car-



Clinical Cornerstone = CARDIOMETABOLIC RISK AND RISK MANAGEMENT = Vol. §, No. 3

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

diovascular risk factors: A meta-analysis of randomized
controlled trials. Arch Intern Med. 2006;166:285-293.
Goralski KB, Sinal CJ. Type 2 diabetes and cardiovascular
disease: Getting to the fat of the matter. Can J Physiol
Pharmacol. 2007;85:113-132.

Dandona P, Aljada A, Bandyopadhyay A. Inflammation:
The link between insulin resistance, obesity and diabetes.
Trends Immunol. 2004;25:4-7.

Fantuzzi G, Mazzone T. Adipose tissue and atherosclero-
sis: Exploring the connection. Arterioscler Thromb Vasc
Biol. 2007;27:996-1003.

Knowler WC, Barrett-Connor E, Fowler SE, et al, for the
Diabetes Prevention Program Research Group. Reduction
in the incidence of type 2 diabetes with lifestyle inter-
vention or metformin. N Engl J Med. 2002;346:393—
403.

Chiasson JL, Josse RG, Gomis R, et al. Acarbose for pre-
vention of type 2 diabetes mellitus: The STOP-NIDDM
randomised trial. Lancet. 2002;359:2072-2077.

Gerstein HC, Yusuf' S, Bosch J, et al, for the DREAM Trial
Investigators. Effect of rosiglitazone on the frequency of
diabetes in patients with impaired glucose tolerance or
impaired fasting glucose: A randomised controlled trial.
Lancet. 2006;368:1096-1105.

Rao SS, Disraeli P, McGregor T. Impaired glucose toler-
ance and impaired fasting glucose. Am Fam Physician.
2004;69:1961-1968.

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

Olefsky JM, Saltiel AR. PPAR gamma and the treatment
of insulin resistance. Trends Endocrinol Metab. 2000;11:
362-368.

Del Prato S, Marchetti P. Targeting insulin resistance and
beta-cell dysfunction: The role of thiazolidinediones.
Diabetes Technol Ther. 2004,6:719-731.

Tankova T. Current indications for metformin therapy.
Rom J Intern Med. 2003;41:215-225.

Gelfand EV, Cannon CP. Rimonabant: A cannabinoid
receptor type 1 blocker for management of multiple car-
diometabolic risk factors. J Am Coll Cardiol. 2006;47:
1919-1926.

Bensaid M, Gary-Bobo M, Esclangon A, et al. The can-
nabinoid CB1 receptor antagonist SR141716 increases
Acrp30 mRNA expression in adipose tissue of obese fa/fa
rats and in cultured adipocyte cells. Mol Pharmacol.
2003;63:908-914.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

Di Marzo V, Matias 1. Endocannabinoid control of food
intake and energy balance. Nat Neurosci. 2005;8:585-589.
Pagotto U, Vicennati V, Pasquali R. The endocannabinoid
system and the treatment of obesity. Ann Med. 2005;37:
270-275.

Ouchi N, Kihara S, Funahashi T, et al. Reciprocal associa-
tion of C-reactive protein with adiponectin in blood stream
and adipose tissue. Circulation. 2003;107:671-674.

Carr MC, Brunzell JD. Abdominal obesity and dyslipi-
demia in the metabolic syndrome: Importance of type 2
diabetes and familial combined hyperlipidemia in coro-
nary artery disease risk. J Clin Endocrinol Metab. 2004;
89:2601-2607.

Kershaw EE, Flier JS. Adipose tissue as an endocrine
organ. J Clin Endocrinol Metab. 2004;89:2548-2556.
Liu YL, Connoley IP, Wilson CA, Stock MJ. Effects of the
cannabinoid CB1 receptor antagonist SR141716 on oxygen
consumption and soleus muscle glucose uptake in Lep(ob)/
Lep(ob) mice. Int J Obes (Lond). 2005;29:183-187.
Osei-Hyiaman D, DePetrillo M, Pacher P, et al. Endo-
cannabinoid activation at hepatic CB1 receptors stimulates
fatty acid synthesis and contributes to diet-induced obesi-
ty. J Clin Invest. 2005;115:1298-1305.

Bluher M, Engeli S, Kloting N, et al. Dysregulation of the
peripheral and adipose tissue endocannabinoid system in
human abdominal obesity. Diabetes. 2006;55:3053—
3060.

Hollander P. Endocannabinoid blockade for improving
glycemic control and lipids in patients with type 2 diabe-
tes mellitus. Am J Med. 2007;120:S18-S28.

Despres JP, Golay A, Sjostrom L. Effects of rimonabant
on metabolic risk factors in overweight patients with dys-
lipidemia. N Engl J Med. 2005;353:2121-2134.

Van Gaal LF, Rissanen AM, Scheen AJ, et al. Effects of
the cannabinoid-1 receptor blocker rimonabant on weight
reduction and cardiovascular risk factors in overweight
patients: 1-Year experience from the RIO-Europe study.
Lancet. 2005;365:1389-1397.

Pi-Sunyer FX, Aronne LJ, Heshmati HM, et al. Effect of
rimonabant, a cannabinoid-1 receptor blocker, on weight
and cardiometabolic risk factors in overweight or obese
patients: RIO-North America: A randomized controlled
trial. JAMA. 2006;295:761-775.

Scheen AJ, Finer N, Hollander P, et al. Efficacy and toler-
ability of rimonabant in overweight or obese patients with
type 2 diabetes: A randomised controlled study. Lancet.
2006;368:1660-1672.

Address correspondence to: Derek LeRoith, MD, PhD, Division of Endocrinology, Diabetes and Bone Disease,
Department of Medicine, Mount Sinai School of Medicine, 1 Gustave Levy Place (1055), New York, NY 10024.
E-mail: Derek.leroith@mssm.edu

49



Clinical Cornerstone = CARDIOMETABOLIC RISK AND RISK MANAGEMENT = Vol. §, No. 3

Dialogue Box

EDITORIAL BOARD

Based on the Australian study reported by Simons
et al, up to 60% of patients self-discontinue their
medications. Any thoughts as to how to improve
compliance?

LEROITH

If the patient is taking 2 medications, prescribing a
formulation that combines the 2 agents is a common
strategy. The downside, of course, is that it poten-
tially hinders the ability to adjust the dosage of the
individual components. In primary care, where time
is at a premium, it may also be helpful to focus on
one issue at a time. In other words, tell the patient
that for this particular visit we will focus on cho-
lesterol and lipids and at the next one, we’ll talk
about dietary therapy or hypertension. Rather than
addressing multiple issues at a time, focus on one.
Studies querying patients as they leave their doc-
tors’ offices have found that 70% of patients don’t
remember half of what their doctors say. Focusing
on one subject at a time is a practical way of deal-
ing with this.

EDITORIAL BOARD
Serum triglycerides are generally measured while fast-
ing. What about postprandial hypertriglyceridemia?

LEROITH

Postprandial triglycerides are very similar to postpran-
dial glycemia. Although serum triglycerides are usu-
ally measured in a fasting state, be aware that a normal
fasting triglyceride level does not exclude postprandial
hypertriglyceridemia. This is important because high
postprandial triglyceride levels have been linked to
higher levels of pro-inflammatory cytokines, inflam-
mation, and vascular dysfunction in the cardiovascular
system.

EDITORIAL BOARD
How lasting an effect does a weight loss of 5% to
10% provide?
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LEROITH

If a patient loses 5% to 10% of their weight, within 3 to
6 months, a favorable impact on blood pressure, blood
glucose, and lipids is seen. With sustained weight loss,
the benefit is maintained for the next year. The problem
is that at the 2-year point, many patients regain the lost
weight. Some studies have shown, however, that drug
treatment of hyperlipidemia and hypertension is easier
in these patients, even after they regain the lost weight.
There appears to be a prolonged effect over and above
the initial reduction in weight.

EDITORIAL BOARD
Do you find it surprising that the elderly are less
likely to be prescribed a lipid-lowering agent?

LEROITH

That finding comes from studies which suggest that older
patients aren’t prescribed the medication they should
be getting because physicians seem nervous to push
too hard. Statistics also show that older patients don’t
achieve target cholesterol levels even when started on a
lipid medication—this is likely because their physicians
say “what is the point?” I remember when I trained, it
was felt that for patients 65 or 70 years of age, life expec-
tancy was limited. As a result, we tended not to push
medications because of concerns regarding side effects
to which older people were felt to be more prone. Since
older patients stand to benefit from more aggressive lipid
lowering, this attitude really needs to change.

EDITORIAL BOARD

Do you favor a low-carbohydrate, high-protein diet
or a high-carbohydrate, low-protein, low-fat diet for
weight loss?

LEROITH

In addition to being small, studies comparing these dif-
ferent diets have not looked at patient outcomes in the
long term. Many of them have looked at impact on lipid
levels, a surrogate marker which may not necessarily
correlate with cardiovascular outcomes. For patients
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Dialogue Box

with insulin resistance, a low-carbohydrate diet would
be expected to favorably impact high-density lipoprotein
cholesterol (HDL-C) and triglyceride levels but increase
low-density lipoprotein cholesterol (LDL-C) and total cho-
lesterol. When people first started doing these high-fat diets
(such as the Atkins diet), the concern was that if a patient
with diabetes or metabolic syndrome was given a high-fat
diet, they would start to lose weight but their cholesterol and
triglycerides would go out of whack. In reality, this didn’t
really happen to a marked degree because when they lost
weight, their insulin resistance improved. To answer your
question, I don’t prefer any of them because when you go
high protein, you can’t go too high without including fat.
And if you go high carbohydrate and they have metabolic
syndrome, then you run into problems with triglycerides.
Suffice it to say that the most important thing is reducing
caloric intake. I tell our nutritionist to work with the patient
on reducing calories and keeping the diet balanced. I never
liked rapid weight-loss diets because of rebound—up to
95% of patients regain the weight they lose. Instead, I favor
gradual weight loss through lifestyle changes grounded in
regular exercise and a reduced intake of calories.

EDITORIAL BOARD

How do you instruct patients to exercise?

LEROITH

First of all, one needs to be careful and make sure the
patient doesn’t have heart problems. For some patients,
an exercise cardiac stress test will be required. Once
this issue is resolved, I tell patients to use a treadmill
with a monitor, or if they are going to walk in the street,
to get a heart rate monitor. Patients need to get their
pulse up, depending on their age. I encourage them to
get to 75% or 80% of their maximum predicted heart
rate. You don’t start them at the maximum; rather, you
want them to build up to it gradually and work their way
up to the target heart rate.

EDITORIAL BOARD
Do patients have to lose weight for exercise to be
beneficial?
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LEROITH

No. Even without weight loss, if they achieve a high
level of aerobic exercise—what we call treadmill
fitness—where they get their pulse and oxygen con-
sumption up, they will reduce abdominal fat and pre-
vent further weight gain. Patients who really exercise
have a better outcome, which is independent of weight
loss.

EDITORIAL BOARD
Do you favor fibrates or niacin for lowering elevated
triglycerides?

LEROITH

At the moment, I'm leaning more toward niacin for
a number of reasons. First of all, niacin lowers both
LDL-C and triglycerides, and raises HDL-C. Second,
Niaspan® (KOS Pharmaceuticals, Inc., Cranbury, New
Jersey) and some of the newer niacin formulations
appear well tolerated. Furthermore, they don’t have an
adverse effect on glycemic control as we used to think.
Finally, I have less concerns adding niacin to a patient
already on a statin as I would with adding a fibrate.

EDITORIAL BOARD

Which lipid-lowering drug would you favor in a
patient with metabolic syndrome, whose LDL-C
level is <100 mg/dL but whose serum triglycer-
ides and non-high-density lipoprotein (HDL) are
high?

LEROITH

I would put them on a statin. The evidence in my mind
suggests that statins not only have cholesterol-lowering
effects but also other positive effects on the cardiovas-
cular system still not completely understood.

EDITORIAL BOARD

Let’s say the patient’s low-density lipoprotein level on
a statin drops to <70 mg/dL but their triglycerides
and non—-HDL-C remain above. Would you push the
dose of the statin higher?
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Dialogue Box

LEROITH
No. The statin is not going to raise the HDL level. At
that point, I'd add niacin.

EDITORIAL BOARD

What would be your approach to a thin, hypertensive
middle-age male with an LDL-C level of 70 mg/dL
but a low HDL level in the 20s and elevated tri-
glycerides >200 mg/dL, who doesn’t meet the criteria
for metabolic syndrome?
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LEROITH

Although this patient does not demonstrate the meta-
bolic phenotype in terms of visceral adiposity, he would
still meet the criteria for insulin resistance. Such a pro-
file is particularly common among Southeast Asians,
Indians, and other Asians—despite having abdominal
visceral adiposity, these people are often slim. This
patient would have high fasting insulin levels, which
are responsible for the hypertension and the high serum
triglycerides, and low HDL-C levels. I would be most
concerned about the low HDL-C level and the hyper-
triglyceridemia and likely start the patient on niacin.





