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This is the first of four reports on the
8th Annual World Congress on
Insulin Resistance, Diabetes, and

Cardiovascular Disease, held on 4–6 No-
vember 2010, in Los Angeles, California.

INSULIN RESISTANCE: NEW
CONCEPTS—Gerald Reaven (Stanford,
CA) opened the meeting with a discussion
of the implications of insulin resistance and
of the interrelationships between hyper-
insulinemia, hypertension, and cardiovas-
cular disease (CVD). In his studies, insulin
resistance is estimated from the steady-state
plasma glucose (SSPG) during infusion
of somatostatin, insulin, and glucose. In
a study of 490 nondiabetic individuals,
there was more than sixfold variability in
insulin sensitivity with thismeasure. SSPG
correlates with obesity, whether measured
as BMI or waist circumference, but Reaven
pointed out that there is an “enormous
degree” of interindividual difference at
any level of BMI or waist circumference,
with obesity accounting for only approxi-
mately one-quarter of the variation in in-
sulin sensitivity. Fitness, measured by the
maximal oxygen consumption during
exercise, was responsible for another
quarter of the variation in his studies,
with the remainder presumably caused
by genetic factors. Hypertension is charac-
teristically associated with glucose intoler-
ance, with hyperinsulinemia, and with
roughly a 50% reduction in insulin sensi-
tivity, unaffected by antihypertensive
treatment; Reaven reviewed a study of
both treated and untreated hypertensive
individuals, showing that 34 and 39%, re-
spectively, had intermediate and that 52
and 47% had low insulin sensitivity, with
the minority being insulin sensitive. Posi-
tive family history of hypertension is also

associated with insulin resistance, with el-
evated fasting insulin levels associated
with development of essential hyperten-
sion (1). Similarly, hyperinsulinemia was
associated with abnormalities of lipid and
blood pressure levels in children and ado-
lescents (2). In a study Reaven performed
in an Italian population, insulin resistance
was associated with higher levels of BMI,
fasting glucose, insulin, and triglyceride
levels and with lower HDL cholesterol
levels, leading Reaven to suggest that those
with insulin resistance “are the group who
have all the cardiovascular risk factors.”
Among normotensive individuals, those
with a positive family history of hyper-
tension have similarly higher insulin and
triglyceride and lower HDL cholesterol
levels. Comparing hypertensive indivi-
duals with abnormal versus normal electro-
cardiograms, the former, Reaven said, had
hyperinsulinemia and higher SSPG, lead-
ing to his suggestion that “insulin resistance
predict[s] heart disease.” Furthermore,
in a study of normotensive and hyperten-
sive individuals, those with low triglycer-
ide and high HDL cholesterol had no
increase in CVD with hypertension, while
those with the insulin resistance lipid pat-
tern of high triglyceride and low HDL
cholesterol had increased CVD, which fur-
ther worsened with hypertension (3). Hy-
pertension and insulin resistance both are
associated with increased mononuclear
cell adhesion to the endothelium, and
asymmetric dimethyl arginine, an inhibi-
tor of nitric oxide (NO) synthase (NOS), is
elevated with insulin resistance, with or
without hypertension. Heart rate corre-
lates with the insulin response to glucose
challenge and with SSPG, suggesting a re-
lationship between insulin resistance and
enhanced sympathetic nervous system

activity, and sensitivity of blood pressure
to a sodium load is more strongly pre-
dicted by hyperinsulinemia than by
changes in renin, aldosterone, or atrial na-
triuretic peptide, with sodium sensitivity
associated with weight gain andwith lesser
increase in NO to vasodilatory stimuli.
Taken together, Reaven concluded, the in-
sulin resistance and associated metabolic
abnormalities present in hypertension, in
those developing hypertension, and in rel-
atives of hypertensive individuals both ex-
plain its pathogenesis and are related to its
association with CVD.

In a second lecture at the meeting,
Reaven suggested that “the concept of in-
sulin resistance is not as simple as the
words themselves.” He termed compen-
satory hyperinsulinemia “the overlooked
villain” and pointed out that insulin ac-
tion varies as a function of organ system
and insulin dose-response relationships.
Adipose tissue is more sensitive to insulin-
induced suppression of lipolysis than is
muscle to stimulation of glucose uptake,
he pointed out, an example of important
differences in dose-response curves of
different tissues, explaining the finding
of elevated fasting but not postprandial
free fatty acid (FFA)—as opposed to the
much greater differences in postprandial
than in fasting glucose in type 2 diabetes.
Furthermore, neither the sympathetic
nervous system nor the kidney is resis-
tant to insulin action; insulin resistance
is associated with increased sympathetic
tone, and high dietary sodium induces el-
evated blood pressure in insulin-resistant
states. Insulin resistance, hyperinsulinemia,
and urate have a complex relationship,
Reaven said, with insulin resistance re-
ducing urate clearance and leading to
higher urate concentrations. The liver
should be considered separately in terms
of glucose homeostasis and lipid metab-
olism. Hepatic glucose production is
not elevated in type 2 diabetes at glucose
levels below ;180 mg/dL and is mod-
estly increased above this level, to a
degree equal, he noted, to the rate of gly-
cosuria, although it might be considered
inappropriately high for the degree of
hyperglycemia. Hepatic insulin resistance
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should be differently understood in terms
of lipid metabolism. Elevated fasting
FFAs in turn increase VLDL secretion
and, hence, plasma triglyceride levels,
with no hepatic resistance to insulin inhi-
bition of triglyceride secretion. Finally, the
ovary appears to be more insulin sensitive
to testosterone production in polycystic
ovary syndrome (PCOS); perhaps ovarian
hypersensitivity to insulin is required for
the condition to appear.

Bart Staels (Lille, France) discussed
the contemporary clinical role of the
peroxisome proliferator–activated recep-
tor (PPAR) system, focusing on new ago-
nists. The PPARs are nuclear regulators of
energy homeostasis, lipid and glucose
metabolism, and inflammation, suggest-
ing roles as modulators of the metabolic
syndrome, type 2 diabetes, and its cardio-
vascular complications. PPARa, the target
of the fibrates, plays a role in fatty acid
oxidation, triglyceride lowering, and
HDL raising, acting mainly in liver; PPARg
is insulin sensitizing and glucose and lipid
lowering, acting mainly in adipose tissue;
and PPARd, “the still enigmatic PPAR,” also
plays roles in lipoprotein and energy me-
tabolism, acting mainly in skeletal muscle.

Staels raised the question of whether
fibrate PPARa agonists might reduce the
“residual risk” seen after maximal dose
statin treatment by further lowering LDL
and raising HDL cholesterol or, perhaps,
by other actions. Fibrates increase triglyc-
eride and remnant lipoprotein metabo-
lism, reducing apolipoprotein (apo)C-III
production, increasing triglyceride clear-
ance, and increasing hepatic mitochondrial
fatty acid b-oxidation, which increases tri-
glyceride degradation. PPARa agonists
control HDL cholesterol production by in-
creasing transcription of apoA1 and, also,
by decreasing transcription of serum am-
yloid A, increasing the anti-inflammatory
HDL cholesterol effect (4,5). PPARa
may also play a role in intestinal choles-
terol homeostasis, increasing apoA1 and
ABCA1 gene expression in human jejeunal
specimens.

The Veteran’s Administration HDL
Intervention Trial is the only study car-
ried out in men with coronary heart dis-
ease whose primary lipid abnormality
was a low HDL cholesterol level and did
show that gemfibrozil reduced risk in di-
abetic patients (6). Reviewing the post
hoc but consistent analysis finding of
the Helsinki Heart Study, Bezafibrate In-
tervention Program, and Action to Con-
trol Cardiovascular Risk in Diabetes study
(ACCORD) that the degree to which

fibrates decrease cardiovascular risk is
greatest in those with lower HDL cho-
lesterol and higher triglyceride levels,
Staels analyzed this phenomenon in the
Fenofibrate Intervention and Event Low-
ering in Diabetes (FIELD) Study (7). Fur-
thermore, Staels stated, “these compounds
have potential not only to have effect in
macrovascular complications,” reviewing
the finding from FIELD that fenofibrate
decreased microvascular and cardiovas-
cular complications independent of gly-
cemia (8), with a similar finding in the
ACCORD study of fenofibrate being as-
sociated with reduction in retinopathy;
older literature also suggested that fibrates
reduce retinopathy (9,10).

The action of PPARb/d involves mul-
tiple potential target tissues (11), appear-
ing to increase HDL cholesterol levels and
to reduce postprandial triglyceride levels
by increasing their clearance (12), leading
to potentially beneficial changes in fasting
triglyceride, apoB, LDL cholesterol, insu-
lin, liver fat, and urinary inflammatory
markers (13). Staels further noted that
there is cross-talk between PPARa and
PPARd in hepatic parenchymal cells and
in macrophages (14).

PPARg agonists, which Staels termed
“the [glucose-lowering] compounds with
the most durable action,” have undesir-
able associations with edema, body weight
gain, and skeletal fractures. Each PPAR
compound, however, appears to have
distinct pharmacological activity. When
fenofibrate is compared with gemfibrozil,
the latter markedly increases homocys-
teine; in a comprison of pioglitazone with
rosiglitazone, the latter increases LDL
cholesterol. There is need to develop
compounds with improved clinical effi-
cacy and fewer side effects, leading to the
concept of selective PPAR modulators
(SPPARMs) (15). Compounds with new
PPAR effects include aleglitazar (16), and
Staels reviewed his studies with the dual
PPARa/d modulator GFT505, which de-
creases apoB, apoC-III, apoE, triglyceride,
and hepatic enzyme levels (suggesting
benefit in nonalcoholic fatty liver disease);
increases HDL cholesterol; and improves
glucose homeostasis in individuals with
impaired fasting glucose and impaired
glucose tolerance. “There is future in this
field of PPAR agonism,” Staels concluded.

Philip Tsao (Stanford, CA) discussed
the Apelin-APJ system in CVD and insulin
resistance. APJ is a receptor that was first
discovered in 1993, cloned by homology
as an orphan G–coupled peptide receptor
(GPCR) (17); A, P, and J are the initials of

the names of the discoverer’s children.
APJ has 40–50% homology with the an-
giotensin II (AII) receptor but does not
bind AII. APJ is expressed in the cardio-
vascular system, central nervous system,
skeletal muscle, adipose tissue, and liver.
Apelin was identified in 1998 as the re-
ceptor’s agonist. Its precursor is a 77 amino
acid peptide, with 12, 13, and 36 amino
acid isoforms. The expression of apelin
in numerous tissues; in the endothelium;
in neurons, including those of the hypo-
thalamus; and in adipocytes suggests that
it has both endocrine and paracrine ef-
fects. Apelin is the most potent inotrope
known. All its isoforms decrease blood
pressure in animal models, and human
studies show endothelium-dependent re-
duction in blood pressure, an effect de-
creased by an NOS inhibitor (18). Apelin
alsomay have a long-term protective effect
against atherosclerosis, decreasing AII-
induced atherosclerosis. Animals not ex-
pressing apelin have decreased cardiac
contractility, and the atherosclerosis of
mice not expressing apoE is worsened by
apelin deficiency. Adipocyte apelin secre-
tion is dependent on insulin in vitro (19)
and its levels correlate with BMI in human
studies (20), but intriguingly, apelin admin-
istration increases insulin sensitivity (21).
Mice not expressing apelin have increased
fasting insulin, decreased adiponectin,
and insulin resistance. Insulin-induced in-
sulin receptor substrate (IRS)-1 and Akt
phosphorylation are reduced in these ani-
mals, and the insulin resistance is wors-
enedwith a high-fat diet, an effect reversed
by infusion of apelin in vivo and in vitro.
In db/db mice, apelin treatment improves
insulin and glucose levels. Apelin, then,
acts on skeletal muscle to increase insulin
signaling, glucose uptake, and muscle
blood flow. It also reduces FFA levels and
lowers isoproterenol-induced adipocyte
FFA release, with mice not expressing
apelin having increased visceral fat and in-
creased intramyocellular triglyceride. This
effect appears to involve hormone-sensitive
lipoprotein lipase and AMP kinase (AMPK)
activation to increase intracellular cAMP
levels.

Richard Johnson (Denver, CO) pre-
sented evidence of a relationship of
fructose and uric acid to the pathogenesis
of diabetes and obesity. He recalled the
thrifty gene hypothesis (22) that evolu-
tionary adaptations to lack of nutrient
availability underlie many of our meta-
bolic characteristics and noted that the
increase in sugar intake over the past sev-
eral centuries (23) leads to adaptations
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with desirable effects under circum-
stances of famine to engender the develop-
ment of illness. Sucrose is a disaccharide
of glucose and fructose, and high fructose
corn syrup is a mixture of 55% fructose
and 45% glucose. Fructose itself appears
naturally in foods such as honey, and fruc-
tose availability is increasing in our mod-
ern environment of low physical activity,
high energy intake, and obesity. The spe-
cific mechanisms by which fructose
causes adverse effects relate to its unique
metabolism, with a specific transporter
and with fructokinase, which catalyzes the
phosphorylation of fructose to fructose-1-
phosphate (F1P), not being product regu-
lated, which potentially leads to transient
ATP depletion (24).

Fructose has effects on the kidney
(25), adipocytes, the vasculature, inflam-
mation, and liver (26). It induces meta-
bolic syndrome characteristics not seen
with pair feeding of equicaloric diet given
as starch (27), and even when calories are
restricted but dietary sucrose levels are
increased, Johnson showed animal mod-
els in which features of metabolic syn-
drome such as visceral obesity and fatty
liver develop. When healthy men are
given a diet adding 200 g fructose daily
for 2 weeks, fasting triglyceride increased
55%, with increases in weight and blood
pressure, reduction in HDL cholesterol,
and reduction in insulin sensitivity (28).
“Fructose,” Johnson said, “correlates with
the rise in metabolic syndrome through-
out the world.”

Soft drink consumption is increasing
(29), correlating with increasing preva-
lence of gout, metabolic syndrome, and
nonalcoholic fatty liver disease (30).
Johnson reviewed studies of hypertension
in association with gout dating frommore
than a century ago (31), with extensive
subsequent corroborative evidence, al-
though this correlation does not demon-
strate a causal relationship of urate to
hypertension. Stronger evidence comes
from inhibition of uricase, the enzyme
that degrades urate to allantoin, which
functions in most mammals other than
man. Administration of an inhibitor of
this enzyme to rodents leads to a blood
pressure increase, which can be pre-
vented by allopurinol or probenecid ad-
ministration (32). In animalmodels, urate
activates the renal renin-angiotensin sys-
tem, induces intracellular oxidative stress,
inhibits NO, induces inflammation, and
induces AII. Hyperuricemia induces pre-
glomerular vascular disease, leading to
sodium-sensitive hypertension (33),

which appears to be an early phase of hy-
pertension, with low volume and renin
dependency (34).

Serum urate is elevated in adolescents
with newly diagnosed hypertension (35),
and studies with allopurinol and with
probenecid treatment in newly diagnosed
hypertension in this age-group show
blood pressure reduction, particularly in
those whose urate level decreased below
5 mg/dL (36). Further evidence of urate-
dependence of hypertension has been
shown in a rodent model with fructose
feeding (37), leading Johnson to wonder
whether urate is “the catalyst that then
leads to salt-sensitive hypertension.”Allo-
purinol also improves dietary fructose-
induced metabolic syndrome and prevents
weight gain in an animal model (38). Urate
induces a diabetic phenotype in adipocytes
(39), and in the type 2 diabetes phenotype
induced by sucrose, insulin deficiency, is-
let hyalinosis, and inflammation develop
in association with upregulation of the is-
let urate transporter, suggesting that islet
injury from fructose is in part mediated
by urate. In preliminary studies, agents
to block fructokinase lessen fructose-
induced diabetes (40), while fructose
increases fructokinase activity, a phenom-
enon also observed in nonalcoholic fatty
liver disease models, with the fructokinase
upregulation dependent on uric acid. Re-
turning to the thrifty gene hypothesis,
Johnson suggested that the diet of early
hominids was high in fruits and hence in
fructose but that periods of famine led to
survival benefit of uricase deficiency be-
cause of the beneficial effect of insulin re-
sistance in increasing fat storage. Today, of
course, the samemechanisms increase risk
of diabetes and obesity.

Grahame Hardie (Dundee, U.K.) dis-
cussed AMPK, stating with tongue in
cheek, “If it’s good for you, it must acti-
vate AMPK.” AMPK levels are modulated
by a number of drugs, including AICAR,
biguanides, thiazolidinediones, resvera-
trol, epigallactechin gallate (in green tea),
berberine (from Chinese Goldthread),
and an agent in development by Abbott,
A-769662. Cytokines acting on AMPK in-
clude leptin and adiponectin, the latter
perhaps mediating effects of thiazolidine-
diones. French lilac or Goat’s Rue, galaga
officinalis, was used as an herbal remedy
in medieval Europe. In 1923, its active
component was identified as the guani-
dine derivative galegine, leading to the de-
velopment of biguanide derivatives in the
1950s. Hardie reviewed the evidence that
AMPK activation mediates the therapeutic

action of metformin. In a rodent model
not expressing the serine/threonine kinase
LKB1, AMPK is not activated by metfor-
min and does not have hypoglycemic
effect (41). In a study of 1,024 diabetic
patients, the analysis of single nucleotide
polymorphisms associated with the abil-
ity of metformin to reduce A1C, a locus
on chromosome 11 linked to a different
protein kinase, ATM (of the atypical
phosphatidyl-inositol-3-kinase-like [PIKK]
family) was found to be a marker (42).
ATM mutation is the defect in human
Ataxia telangiectasia. It is activated by
double-strand DNA breaks, in turn acti-
vating AMPK, and is involved in DNA re-
pair. ku55933 is an ATM inhibitor and
inhibits activation of AMPK bymetformin,
blocking its glucose-lowering effect (43).
Metformin’s activation of AMPK requires
intact cells. Hardie pointed out that both
biguanides metformin and phenformin
are inhibitors of complex I of the respira-
tory chain, suggesting that their effect is to
increase the cellular AMP-to-ATP ratio
and indirectly activate AMPK. The three-
dimensional structure of AMP binding to
AMPK has been elucidated (44). In a cel-
lular model with AMP-insensitive AMPK,
oligomycin fails to activate AMPK, while
the direct activator A769662 remains ef-
fective, leading to the concept that metfor-
min is “a metabolic poison” that has this
beneficial effect.

INSULIN RESISTANCE AND
CANCER—Hardie turned to new stud-
ies of AMPK activators and cancer. Breast
and colorectal cancers are particularly
associated with obesity and insulin re-
sistance. AMPK activation causes cell
cycle arrest in cancer cells, with the tumor
suppressor lkb1 a key upstream kinase for
AMPK and with evidence that AMPK
turns off target of rapamycin (mTOR),
which is hyperactivated in many tumors.
In breast tumors, AMPK activation is re-
duced, a possible mechanism of cancer
development suggesting the potential
benefit ofmetformin. Diabetic individuals
treated with metformin have lower cancer
incidence, and metformin delays cancer
development in a variety of animal mod-
els (45). Hypotheses are that AMPK has a
direct cell cycle effect or, alternatively,
that metformin activated hepatic AMPK,
reducing glucose, insulin, and IGF1,
which lead to the anticancer effect, al-
though in non–insulin resistant animal
models metformin has been shown to be
cancer reducing. Thus, AMPK monitors
the cellular AMP-to-ATP ratio and acts
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as a sensor of cellular energy status, with
AMPK activation switching cell function
away from anabolism, growth, and pro-
liferation toward catabolism and quies-
cence. AMPK is the target for metformin
and other factors, and metformin acts by
inhibiting mitochondrial function and in-
creasing the AMP-to-ATP ratio. As AMPK
activation is decreased in many cancers,
the benefit of metformin in cancer treat-
ment may be limited; another factor may
be decreased levels in cancer cells of the
organic cation transporters required for
metformin cellular uptake.

Lorraine Lipscombe (Toronto, Canada)
reviewed the evidence of an association
between diabetes and cancer and the
importance of insulin resistance (rev. in
[46]). The association of diabetes and
cancer has long been suspected, although
the first prospective study, carried out by
Elliot Joslin, failed to show an association,
perhaps because of the high prevalence of
type 1 diabetes in his clinic (47). Numer-
ous large databases have subsequently
revealed a cancer association for type 2
but not for type 1 diabetes. The initial re-
ports were of association with pancreatic
cancer, with the higher rates in indivi-
duals with longer duration of diabetes
suggesting a real causal relationship.
Hepatocellular cancer is associated with
diabetes in the absence of risk factors
such as hepatitis C and may be a conse-
quence of nonalcoholic steatohepatitis
cirrhosis. Endometrial cancer has long
been recognized to be associated with
obesity, likely from increased adipose tis-
sue estrogen production, but an effect of
diabetes independent of obesity has been
demonstrated and there is evidence of
effects of diabetes on colorectal cancer.
Lipscombe reviewed her study comparing
nearly 75,000 diabetic women with con-
trol subjects, showing 2.85 vs. 2.64 breast
cancer cases per 1,000 person-years, an
8% increase, controlling for obesity and
other risk factors (48), so that “diabetes
or something about diabetes may be con-
tributing to an increased risk of breast
cancer.” In a meta-analysis, diabetes was
found to be particularly associated with
carcinoma of the liver, pancreas, kidney,
and endometrium; somewhat less strongly
associated with colon and bladder can-
cers; and still less associated with non-
Hodgkins lymphoma (49). Another study
showed the strongest association to be be-
tween colorectal and pancreatic cancers
(50). The samemeta-analysis showed pan-
creas. colon. breast cancer associations
with serum insulin and C-peptide and a

nonsignificant trend for endometrial can-
cer. It is interesting that prostate cancer
risk is reduced among diabetic men,
which Lipscombe suggested might be re-
lated to their higher rate of hypogonadism.
Potential mechanisms of diabetes-induced
malignancy include a direct effect of hy-
perglycemia or an indirect relationship
caused by insulin resistance, inflamma-
tion, lipid and fatty acid abnormalities,
adipokines, or IGF-1. The Warburg hy-
pothesis that cancer cells predominantly
use glycolysis for energy and have high
glucose requirement (51) suggests that
hyperglycemia might create a favorable
environment for cancer. A relationship
of intensive glycemic control to cancer
and cancer mortality has not, however,
been demonstrated, while the hyper-
insulinemia hypothesis is supported by
the 30% greater likelihood of malignancy
among diabetic individuals treated with
sulfonylureas and the 90% increase with
insulin compared with metformin (52).
Diabetes, Lipscombe commented, is also
associated with worse prognosis among
individuals with cancer, which may reflect
an effect of hyperinsulinemia or may be
due to less aggressive cancer treatment
among patients with diabetes, lower like-
lihood of screening in this group, or
reduced survival rates because of other
diabetes complications.

Pamela Goodwin (Toronto, Canada)
further discussed interrelationships of
insulin with malignancy and the effects
of metformin. Higher BMI is associated
with greater risk of distant recurrence and
mortality from breast cancer, with poten-
tial mediators including inflammation,
adipokines, insulin, IGFs, and estrogens,
all of which may interact. Higher insulin
levels correlate with mortality among
women with breast cancer (53) and men
with prostate cancer (54). Cancers may
express high levels of insulin, IGF-1,
and hybrid receptors (55), and higher in-
sulin receptor (insulin resistance) expres-
sion is associated with worse outcome
(56). The a isoform expressed in breast
cancer is the fetal receptor, which binds
IGF1 and IGF2 and may switch insulin
frommetabolic to mitogenic and anabolic
actions (49). Goodwin reviewed her
study showing that metformin reduces
cancer risk (57), agreeing with the other
speakers’ comments that it may act by
lowering insulin levels and in an insulin-
independent fashion, directly suppress-
ing mammary tumor growth (58,59).
Metformin activates AMPK and may
have other cellular effects, upregulating

cell cycle–associated genes and possibly
improving DNA damage recognition and
repair. Organic cation transporters are re-
quired for cellular uptake of metformin,
although the extent to which these trans-
porters are expressed in human breast
cancer is not known. Metformin has ben-
efit across different subtypes of breast
cancers (60) but may be most effective in
“triple negative” breast cancer (61), with
potential to abrogate resistance to human
epidermal growth factor receptor-2–
targeted therapies (62) and to increase
aromatase inhibitor effects (63). Goodwin
also reviewed rodent models in which
metformin reduced tobacco-induced
lung carcinogenesis (64) and had benefit
in prevention of colon carcinoma (65).

Acknowledgments—Z.T.B. has served on
speaker’s bureaus of Merck, Novo Nordisk, Lilly,
Amylin, Daiichi Sankyo, and GlaxoSmithKline;
has served on advisory panels for Medtronic,
Takeda, Merck, AtheroGenics, CV Therapeu-
tics, Daiichi Sankyo, BMS, and AstraZeneca;
holds stock in Abbott, Bard, Medtronic, Merck,
Millipore, Novartis, and Roche; and has
served as a consultant for Novartis, Dainippon
Sumitomo Pharma America, Forest Laborato-
ries, and Nastech. No other potential conflicts
of interest relevant to this article were re-
ported.

References
1. Lissner L, Bengtsson C, Lapidus L,

Kristjansson K, Wedel H. Fasting insu-
lin in relation to subsequent blood pressure
changes and hypertension in women. Hy-
pertension 1992;20:797–801

2. Raitakari OT, Porkka KV, Rönnemaa T,
et al. The role of insulin in clustering of
serum lipids and blood pressure in chil-
dren and adolescents. The Cardiovascular
Risk in Young Finns Study. Diabetologia
1995;38:1042–1050

3. Jeppesen J, Hein HO, Suadicani P,
Gyntelberg F. Low triglycerides-high
high-density lipoprotein cholesterol and
risk of ischemic heart disease. Arch Intern
Med 2001;161:361–366

4. Watts GF, Barrett PH, Ji J, et al. Differen-
tial regulation of lipoprotein kinetics by
atorvastatin and fenofibrate in subjects
with the metabolic syndrome. Diabetes
2003;52:803–811

5. Chan DC, Barrett PH, Watts GF. Recent
studies of lipoprotein kinetics in the met-
abolic syndrome and related disorders.
Curr Opin Lipidol 2006;17:28–36

6. Rubins HB, Robins SJ, Collins D, et al.
Diabetes, plasma insulin, and cardio-
vascular disease: subgroup analysis from
the Department of Veterans Affairs High-
Density Lipoprotein Intervention Trial

e118 DIABETES CARE, VOLUME 34, JULY 2011 care.diabetesjournals.org

Perspectives on the News



(VA-HIT). Arch Intern Med 2002;162:
2597–2604

7. Scott R, O’Brien R, Fulcher G, et al.;
Fenofibrate Intervention and Event Low-
ering in Diabetes (FIELD) Study Investi-
gators. Effects of fenofibrate treatment on
cardiovascular disease risk in 9,795 indi-
viduals with type 2 diabetes and various
components of the metabolic syndrome:
the Fenofibrate Intervention and Event
Lowering in Diabetes (FIELD) study. Di-
abetes Care 2009;32:493–498

8. Keech A, Simes RJ, Barter P, et al.; FIELD
study investigators. Effects of long-term
fenofibrate therapy on cardiovascular events
in 9795 people with type 2 diabetes
mellitus (the FIELD study): randomised
controlled trial. Lancet 2005;366:1849–
1861

9. Harrold BP, Marmion VJ, Gough KR. A
double-blind controlled trial of clofibrate
in the treatment of diabetic retinopathy.
Diabetes 1969;18:285–291

10. Dorne PA. Exudative diabetic retinopathy.
The use of clofibrate in the treatment of
hard exudates using a reduced but pro-
longed dosage over several years (author’s
transl). Arch Ophtalmol (Paris) 1977;37:
393–400 [in French]

11. Barish GD, Narkar VA, Evans RM. PPAR
delta: a dagger in the heart of the meta-
bolic syndrome. J Clin Invest 2006;116:
590–597

12. Sprecher DL, Massien C, Pearce G, et al.
Triglyceride:high-density lipoprotein cho-
lesterol effects in healthy subjects admin-
istered a peroxisome proliferator activated
receptor delta agonist. Arterioscler Thromb
Vasc Biol 2007;27:359–365

13. Risérus U, Sprecher D, Johnson T, et al.
Activation of peroxisome proliferator-
activated receptor (PPAR)delta promotes
reversal of multiple metabolic abnor-
malities, reduces oxidative stress, and
increases fatty acid oxidation in moder-
ately obese men. Diabetes 2008;57:332–
339

14. Sharma AM, Staels B. Review: Peroxisome
proliferator-activated receptor gamma and
adipose tissue—understanding obesity-
related changes in regulation of lipid and
glucose metabolism. J Clin Endocrinol
Metab 2007;92:386–395

15. Choi JH, Banks AS, Estall JL, et al.
Anti-diabetic drugs inhibit obesity-linked
phosphorylation of PPARgamma by Cdk5.
Nature 2010;466:451–456

16. Henry RR, Lincoff AM, Mudaliar S, Rabbia
M, Chognot C, Herz M. Effect of the dual
peroxisome proliferator-activated receptor-
alpha/gamma agonist aleglitazar on risk
of cardiovascular disease in patients with
type 2 diabetes (SYNCHRONY): a phase II,
randomised, dose-ranging study. Lancet
2009;374:126–135

17. O’Dowd BF, Heiber M, Chan A, et al. A
human gene that shows identity with the
gene encoding the angiotensin receptor is

located on chromosome 11. Gene 1993;
136:355–360

18. Tatemoto K, Takayama K, Zou MX, et al.
The novel peptide apelin lowers blood
pressure via a nitric oxide-dependent mech-
anism. Regul Pept 2001;99:87–92

19. Boucher J, Masri B, Daviaud D, et al.
Apelin, a newly identified adipokine up-
regulated by insulin and obesity. Endocri-
nology 2005;146:1764–1771

20. Heinonen MV, Purhonen AK, Miettinen P,
et al. Apelin, orexin-A and leptin plasma
levels in morbid obesity and effect of gas-
tric banding. Regul Pept 2005;130:7–13

21. Dray C, Knauf C, Daviaud D, et al. Apelin
stimulates glucose utilization in normal and
obese insulin-resistant mice. Cell Metab
2008;8:437–445

22. Neel JV. Diabetes mellitus: a “thrifty”
genotype rendered detrimental by “prog-
ress”? Am J Hum Genet 1962;14:353–
362

23. Johnson RJ, Segal MS, Sautin Y, et al. Po-
tential role of sugar (fructose) in the epi-
demic of hypertension, obesity and the
metabolic syndrome, diabetes, kidney dis-
ease, and cardiovascular disease. Am J Clin
Nutr 2007;86:899–906

24. Hallfrisch J. Metabolic effects of dietary
fructose. FASEB J 1990;4:2652–2660

25. Nakayama T, Kosugi T, Gersch M, et al.
Dietary fructose causes tubulointerstitial in-
jury in the normal rat kidney. Am J Physiol
Renal Physiol 2010;298:F712–F720

26. Johnson RJ, Perez-Pozo SE, Sautin YY,
et al. Hypothesis: could excessive fructose
intake and uric acid cause type 2 diabetes?
Endocr Rev 2009;30:96–116

27. Nakagawa T, Hu H, Zharikov S, et al.
A causal role for uric acid in fructose-
inducedmetabolic syndrome. Am J Physiol
Renal Physiol 2006;290:F625–F631

28. Perez-Pozo SE, Schold J, Nakagawa T,
Sánchez-Lozada LG, Johnson RJ, Lillo JL.
Excessive fructose intake induces the fea-
tures of metabolic syndrome in healthy
adult men: role of uric acid in the hyper-
tensive response. Int J Obes (Lond) 2010;
34:454–461

29. Nielsen SJ, Popkin BM. Changes in bever-
age intake between 1977 and 2001. Am J
Prev Med 2004;27:205–210

30. Zelber-Sagi S, Nitzan-Kaluski D, Goldsmith
R, et al. Long term nutritional intake and
the risk for non-alcoholic fatty liver dis-
ease (NAFLD): a population based study.
J Hepatol 2007;47:711–717

31. Johnson RJ, Titte S, Cade JR, Rideout BA,
Oliver WJ. Uric acid, evolution and prim-
itive cultures. Semin Nephrol 2005;25:
3–8

32. Mazzali M, Hughes J, Kim YG, et al. Ele-
vated uric acid increases blood pressure
in the rat by a novel crystal-independent
mechanism. Hypertension 2001;38:1101–
1106

33. Mazzali M, Kanellis J, Han L, et al.
Hyperuricemia induces a primary renal

arteriolopathy in rats by a blood pressure-
independent mechanism. Am J Physiol
Renal Physiol 2002;282:F991–F997

34. Watanabe S, Kang DH, Feng L, et al. Uric
acid, hominoid evolution, and the patho-
genesis of salt-sensitivity. Hypertension
2002;40:355–360

35. Feig DI, Johnson RJ. Hyperuricemia in
childhood primary hypertension. Hyper-
tension 2003;42:247–252

36. Feig DI, Soletsky B, Johnson RJ. Effect of
allopurinol on blood pressure of adoles-
cents with newly diagnosed essential hy-
pertension: a randomized trial. JAMA 2008;
300:924–932

37. Johnson RJ, Sanchez-Lozada LG, Nakagawa
T. The effect of fructose on renal biology
and disease. J Am Soc Nephrol 2010;21:
2036–2039

38. Nakagawa T, Hu H, Zharikov S, et al.
A causal role for uric acid in fructose-
induced metabolic syndrome. Am J Physiol
Renal Physiol 2006;290:F625–F631

39. Sautin YY, Nakagawa T, Zharikov S, Johnson
RJ. Adverse effects of the classic antioxidant
uric acid in adipocytes: NADPH oxidase-
mediated oxidative/nitrosative stress. Am J
Physiol Cell Physiol 2007;293:C584–
C596

40. Ouyang X, Cirillo P, Sautin Y, et al. Fruc-
tose consumption as a risk factor for non-
alcoholic fatty liver disease. J Hepatol 2008;
48:993–999

41. Shaw RJ, Lamia KA, Vasquez D, et al. The
kinase LKB1 mediates glucose homeosta-
sis in liver and therapeutic effects of met-
formin. Science 2005;310:1642–1646

42. Zhou K, Bellenguez C, Spencer CC, et al.;
GoDARTS and UKPDS Diabetes Pharma-
cogenetics Study Group; Wellcome Trust
Case Control Consortium 2; MAGIC inves-
tigators. Common variants near ATM are
associated with glycemic response to met-
formin in type 2 diabetes. Nat Genet 2011;
43:117–120

43. Fu X,Wan S, Lyu YL, Liu LF, Qi H. Etopo-
side induces ATM-dependent mitochon-
drial biogenesis through AMPK activation.
PLoS One 2008;3:e2009

44. Xiao B, Heath R, Saiu P, et al. Structural
basis for AMP binding to mammalian AMP-
activated protein kinase. Nature 2007;449:
496–500

45. Huang X, Wullschleger S, Shpiro N, et al.
Important role of the LKB1-AMPK path-
way in suppressing tumorigenesis in
PTEN-deficient mice. Biochem J 2008;
412:211–221

46. Bloomgarden ZT. Insulin concerns and
promises. Diabetes Care 2011;34:e100–e106

47. Joslin EP, Lombard HL, Burrows RE,
Manning MD. Diabetes and cancer. N
Engl J Med 1959;260:486–488

48. Lipscombe LL, Goodwin PJ, Zinman B,
McLaughlin JR, Hux JE. Diabetes melli-
tus and breast cancer: a retrospective
population-based cohort study. Breast
Cancer Res Treat 2006;98:349–356

care.diabetesjournals.org DIABETES CARE, VOLUME 34, JULY 2011 e119

Bloomgarden



49. Vigneri P, Frasca F, Sciacca L, Pandini G,
Vigneri R. Diabetes and cancer. Endocr
Relat Cancer 2009;16:1103–1123

50. Pisani P. Hyper-insulinaemia and cancer,
meta-analyses of epidemiological studies.
Arch Physiol Biochem 2008;114:63–70

51. Weinhouse S. The Warburg hypothesis
fifty years later. Z Krebsforsch Klin Onkol
Cancer Res Clin Oncol 1976;87:115–126

52. Bowker SL, Yasui Y, Veugelers P, Johnson
JA. Glucose-lowering agents and cancer
mortality rates in type 2 diabetes: assess-
ing effects of time-varying exposure. Dia-
betologia 2010;53:1631–1637

53. Goodwin PJ, Ennis M, Pritchard KI, et al.
Fasting insulin and outcome in early-stage
breast cancer: results of a prospective
cohort study. J Clin Oncol 2002;20:42–51

54. Ma J, Li H, Giovannucci E, et al. Prediag-
nostic body-mass index, plasma C-peptide
concentration, and prostate cancer-specific
mortality in men with prostate cancer: a
long-term survival analysis. Lancet Oncol
2008;9:1039–1047

55. Belfiore A. The role of insulin receptor iso-
forms and hybrid insulin/IGF-I receptors

in human cancer. Curr Pharm Des 2007;
13:671–686

56. Law JH, Habibi G, Hu K, et al. Phosphor-
ylated insulin-like growth factor-i/insulin
receptor is present in all breast cancer sub-
types and is related to poor survival. Can-
cer Res 2008;68:10238–10246

57. Decensi A, Puntoni M, Goodwin P, et al.
Metformin and cancer risk in diabetic
patients: a systematic review and meta-
analysis. Cancer Prev Res (Phila) 2010;3:
1451–1461

58. Goodwin PJ, Ligibel JA, Stambolic V. Met-
formin in breast cancer: time for action.
J Clin Oncol 2009;27:3271–3273

59. Engelman JA, Cantley LC. Chemopreven-
tion meets glucose control. Cancer Prev
Res (Phila) 2010;3:1049–1052

60. Jiralerspong S, Palla SL, Giordano SH,
et al. Metformin and pathologic complete
responses to neoadjuvant chemotherapy in
diabetic patients with breast cancer. J Clin
Oncol 2009;27:3297–3302

61. Liu B, Fan Z, Edgerton SM, et al. Metfor-
min induces unique biological and mo-
lecular responses in triple negative breast

cancer cells. Cell Cycle 2009;8:2031–
2040

62. Vázquez-Martín A, Oliveras-Ferraros C, del
Barco S, Martín-Castillo B, Menéndez JA.
mTOR inhibitors and the anti-diabetic
biguanide metformin: new insights into
the molecular management of breast cancer
resistance to the HER2 tyrosine kinase
inhibitor lapatinib (Tykerb). Clin Transl
Oncol 2009;11:455–459

63. Brown KA, Hunger NI, Docanto M,
Simpson ER. Metformin inhibits aroma-
tase expression in human breast adi-
pose stromal cells via stimulation of
AMP-activated protein kinase. Breast Can-
cer Res Treat 2010;123:591–596

64. Memmott RM, Mercado JR, Maier CR,
Kawabata S, Fox SD, Dennis PA. Metfor-
min prevents tobacco carcinogen-induced
lung tumorigenesis. Cancer Prev Res (Phila)
2010;3:1066–1076

65. Hosono K, Endo H, Takahashi H, et al.
Metformin suppresses azoxymethane-
induced colorectal aberrant crypt foci by
activating AMP-activated protein kinase.
Mol Carcinog 2010;49:662–671

e120 DIABETES CARE, VOLUME 34, JULY 2011 care.diabetesjournals.org

Perspectives on the News


