
Diabetes and Obesity
Part 2

ZACHARY T. BLOOMGARDEN, MD

Perspectives on the News commentaries are
part of a free monthly CME activity. The
Mount Sinai School of Medicine, New York,
New York, designates this activity for 2.0
AMA PRA Category 1 credits. If you wish to
participate, review this article and visit ww-
w.diabetes.procampus.net to complete a
posttest and receive a certificate. The Mount
Sinai School of Medicine is accredited by the
Accreditation Council for Continuing Medi-
cal Education (ACCME) to provide continu-
ing medical education for physicians.

This is the fifth in a series of articles
based on presentations at the Amer-
ican Diabetes Association’s 67th

Scientific Sessions, 22–26 June 2007,
Chicago, Illinois. Clinical observations re-
lated to interrelationships between diabe-
tes and obesity are presented.

Obesity prevention and treatment
Paul Whelton (New Orleans, LA) dis-
cussed approaches to lifestyle modifica-
tion for weight loss, pointing out that the
Nurses’ Health Study showed that, com-
pared with a BMI of 22 kg/m2, BMI �25
and �30 kg/m2 were associated with 5- to
10-fold and 30-fold increases in risk of
developing type 2 diabetes, respectively,
with each 5-kg increase in body weight
associated with a 40% increase in diabetes
(1). Of course, he pointed out, “it’s not
just diabetes”; obesity was also strongly
associated with hypertension and hyper-
cholesterolemia, as well as with mortality
(2).

For a risk factor, Whelton pointed
out, two features should be considered in
calculating overall impact: the degree of
risk of the condition and its prevalence in
the population. In the U.S., �70% of men
and �60% of women are overweight, and
one-third of both sexes have obesity—“a

combination of high risk and huge prev-
alence.” Overweight shortens life 3 years,
and obesity 6 and 7 years for men and for
women. Medical costs are 36% higher for
obese than for nonobese persons, with a
cost in the U.S. of approximately $75 bil-
lion annually for obesity-related compli-
cations. “This is a crisis of national
proportions,” Whelton said, asking,
“What strategies do we have to address
this problem?”

We must ask whether lifestyle modi-
fication is effective in achieving weight
loss, in changing risk factor profiles, and
in reducing mortality. Further, we do not
know whether persons achieving weight
loss maintain lower weight over time. In a
controlled trial of �1,000 hypertensive
persons on monotherapy enrolled in a
trial of weight loss through behavioral in-
tervention, reducing calories, and in-
creasing physical activity, the control
group had the same frequency of contact
with the medical team (3). At 90 days, the
control group experienced no weight loss,
whereas the behaviorial intervention
group had a 4- to 5-kg weight loss, a find-
ing typical of such studies, with the dif-
ference maintained over the 36-month
period of intervention. At 90 days, the
systolic blood pressure of the weight loss
group decreased from 129 to 125 mmHg,
and those with normal blood pressure
were withdrawn from antihypertensive
medication. Off treatment, blood pres-
sure improvement was maintained in the
intervention group, with 31% more not
requiring pharmacologic treatment.
Those also following a sodium-restricted
diet had a 50% reduction in requirement
to resume hypotensive medication. Whel-
ton described a trial of hypertension pre-
vention among 2,000 individuals with

high normal blood pressures. This trial
involved a similar calorie and sodium re-
duction intervention and showed de-
creased development of hypertension by
half over 18 months; the 7-year follow-up
showed even more striking differences
between the behavioral counseling and
control groups. “Those individuals,”
Whelton said, “had retained the behav-
ioral capacity to control their lifestyles.”
Weight loss has similarly been the most
effective approach to the prevention of di-
abetes and to lipid reduction.

Whelton pointed out that we are not
applying this knowledge, and that our
current response to the obesity epidemic
must be regarded as insufficient.
Throughout the world, people eat more,
with bigger portion sizes that are high in
fat and sodium content, and this is “a
huge problem.” In China, there is “mass
migration into the cities,” with similar
changes in body weight and worsening of
risk factors (4) in the setting of marked
reduction in physical activity (5). Under-
standing food labels, use of fruit and
vegetable snacks, the availability of nutri-
tional counseling for particular individu-
als, and the use of meal and calorie plans
“can be done, [but] it’s not occurring.” We
need to develop system approaches to ad-
dress these problems and to provide ap-
propriate interventions. “If obesity is one
of our biggest national problems,” Whel-
ton asked, “why is it that we don’t provide
this care free to the patient?” He contin-
ued, “You have to be persistent [. . .].
With tobacco it took a long time to
achieve the desired outcomes.” As a fur-
ther issue, Whelton noted that “many of
the commercial [weight loss] programs
[have paid] very little attention to quality
control,” perhaps in part explaining their
lack of success in reducing weight.

Jack Leahy (Burlington, VT) dis-
cussed a particular problem for persons
with diabetes: that of minimizing the
weight gain often associated with insulin
therapy. “The fear of weight gain related
to starting insulin,” he said, is an impor-
tant consideration for patients and for
physicians. In the UK Prospective Diabe-
tes Study (UKPDS), all the interventions
caused similar improvement in A1C, but
there was considerably less weight gain
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with metformin, as compared with a 5-kg
weight gain over 10 years with insulin. In
a managed care database survey, larger
weight gain was seen with insulin than
with other therapies.

In type 1 diabetes, the subset of the
Diabetes Control and Complications Trial
(DCCT) intervention group in the highest
quartile of weight gain had a mean 15 kg
increased weight, which was associated
with worsening of cardiovascular risk fac-
tors, suggesting potential harm, although
both the UKPDS and DCCT interventions
were, overall, successful in reducing car-
diovascular risk. Not all persons starting
insulin gain weight, but, he said, “there
are likely to be subgroups,” some of which
benefit despite weight gain, such as those
with highest initial A1C and greatest de-
cline, those with greatest pretreatment
weight loss, and those with greatest initial
weight, while there may be lower risk of
weight gain in those of Asian ethnicity
and in older persons starting insulin. Po-
tential mechanisms of weight gain with
insulin include decreased glycosuria, de-
creased resting metabolic rate due to re-
duction in glycemia, decreased osmotic
diuresis, and insulin’s anabolic effect, par-
ticularly on adipose tissue. A concern is
weight gain because of defensive eating to
avoid hypoglycemia. In a recent study of
diabetic persons gaining 6 kg on initiation
of insulin treatment, nuclear magnetic
resonance imaging showed most of the
weight gain in fat, particularly subcutane-
ous rather than visceral, also with in-
creased total body water. Energy intake
has not been shown to be greater, and
physical activity to be lower, with the
most important factor being the reduction
in glycosuria, explaining much of the ex-
cess calorie balance required to explain
weight gain. A failure of resting metabolic
rate increase, as usually seen with weight
gain, suggests an additional mechanism of
weight gain with insulin treatment.

Advising individuals who are begin-
ning insulin treatment to carefully moni-
tor their diets and to reduce snacking
appears to have relatively little effect. Ini-
tiating insulin treatment well before the
development of marked hyperglycemia,
so that the phenomenon of abrupt reduc-
tion in glycosuria does not occur, may be
more effective. A number of pharmaco-
logic approaches may be considered to re-
duce weight gain with insulin treatment.
Metformin may decrease energy intake. In
a Finnish study of type 2 diabetic people
treated with NPH at bedtime, the most
effective strategy was its addition to met-

formin, which reduced weight gain and to
some extent led to greater glycemic im-
provement (6). In a review of this topic,
Leahy found seven prospective studies of
insulin alone versus insulin plus met-
formin, and consistently showed the
combination to be associated with lower
A1C and lessening of weight gain. Leahy
commented, though, that in “the real
world,” weight gain is not eliminated.
Furthermore, administering metformin
after individuals have begun insulin does
not necessarily have the same outcome as
adding insulin to metformin. Moreover,
there is no evidence that the addition of
metformin to insulin-treated individuals
offers the same cardiovascular benefit as
demonstrated in the UKPDS with met-
formin monotherapy. Another interesting
question that has not been well explored
is whether there is a role for metformin in
overweight and/or suboptimally con-
trolled individuals with type 1 diabetes.

Analog insulins may have relevance
to weight gain. There is a consistent body
of data suggesting less weight gain with
insulin detemir than with NPH, perhaps
because the fatty acid moiety allows dif-
ferential tissue entry, and perhaps with
detemir having a preferential effect on
brain satiety mechanisms. In a 52-week
trial comparing the two agents, A1C fell
from 8.6 to �7% with both, with a 3.9-
vs. 3.0-kg weight gain with glargine ver-
sus detemir. Comparing the two treat-to-
target 24-week trials of glargine and of
detemir compared with NPH, there was
greater weight gain with glargine than
with detemir with an equivalent improve-
ment in A1C.

Pramlintide is an analog of amylin,
the peptide that makes up islet amyloid.
Amylin is a 37–amino acid peptide se-
creted with insulin by �-cells; it reduces
glucagon secretion after meals and slows
gastric emptying, and has a centrally me-
diated satiety effect. In a 24-week trial of
insulin-treated diabetic individuals re-
ceiving pramlintide versus placebo, A1C
decreased from 8.1 to 7.6% in both
groups, but with reduction in insulin dose
and weight loss with the addition of
pramlintide. Postprandial glucose de-
creased considerably with the agent, and
because of its effect in delaying gastric
emptying, some patients have better effect
using regular insulin than rapid-acting
analogs for preprandial boluses. Pram-
lintide may be particularly useful in insu-
lin-treated type 2 diabetes and in insulin
pump–treated individuals, and it should
be considered in type 2 diabetic patients

receiving only a basal insulin in need of
prandial treatment. The agent is being
studied for weight loss in normoglycemic
obese individuals. Exenatide may have
similar effect, although the agent has not
yet been studied in this fashion.

Jonathan Purnell (Portland, OR) dis-
cussed issues pertaining to weight gain in
type 1 diabetic individuals, with focus on
the DCCT. An important subset of post-
pubertal participants in the study was the
group of intensively treated individuals
who had substantial weight gain. Com-
pared with age, sex, and BMI-matched
nondiabetic individuals, the convention-
ally treated group showed similar weight
change with time. Excess weight gain in
the intensively treated cohort was fully ac-
counted for by those in the top quartile of
weight gain (7). Their improvement in
glycemia was identical to that of the lower
three quartiles. Comparing the first with
the fourth quartile, the former with no
weight gain, those who gained weight had
significantly higher LDL cholesterol,
lower HDL cholesterol, and higher tri-
glyceride levels. Lipoprotein fractionation
showed increased VLDL, IDL, and dense
LDL cholesterol levels; Purnell pointed
out that all are atherogenic. Compared
with the nondiabetic population, those in
the lower quartile had improvement in
lipids, while those in the top quartile “got
the microvascular benefits but the macro-
vascular risks were worse.” This subset of
type 1 diabetic individuals with weight
gain resembles those from the Pittsburgh
Epidemiology of Diabetes Complications
Study who appear to have worsening of
10-year cardiovascular outcome (8).
Given the similarity of their dyslipidemia
to that seen in the metabolic syndrome,
the DCCT participants with weight gain
were studied for evidence of insulin resis-
tance. They indeed required higher insu-
l in doses and had higher wais t
circumference and blood pressure levels,
suggesting that “excessive weight gain
with intensive diabetes management led
to dyslipidemia. . ., central obesity, and
insulin resistance.” Those who gained the
most weight had similar age, initial BMI,
blood pressure, and C-peptide levels, but
at baseline their A1C level was higher de-
spite a similar insulin requirement, sug-
gesting insulin resistance. In the overall
intensive treatment group, using a modi-
fied set of metabolic syndrome criteria not
including diabetes, the prevalence of this
insulin-resistant state was 8%; including
diabetes, the metabolic syndrome was
seen in 14%, the same level seen in an
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age-matched nondiabetic population.
Those in the top quartile of weight gain,
however, had increased prevalence of the
syndrome. Furthermore, comparing the
lowest and highest quartiles of weight
gain, carotid intima-media thickness was
increased. Purnell concluded that weight
gain in this subset of type 1 diabetic indi-
viduals represents a barrier to attaining
glycemic control, pointing to its associa-
tion with reduced patient perception of
health quality of life and to the potential
for adverse cardiovascular outcome.

Richard Bergenstal (Minneapolis,
MN) discussed pharmacologic strategies
for weight loss in individuals with type 2
diabetes. Reaching glucose, lipid, and
blood pressure targets; taking aspirin; and
lifestyle modification all are important in
these patients, he pointed out, comment-
ing, “We like the incretins because of their
either weight neutral or weight loss po-
tential.” When cost is a problem, these
may not be appropriate. Other potential
approaches include the two agents cur-
rently approved for long-term use in
weight reduction, orlistat and sibutra-
mine; rimonabant, which is available in
Europe; and pramlintide, which is emerg-
ing as a potential therapeutic option. Ber-
genstal reviewed a number of analyses
suggesting that increased risk does not
begin until the BMI exceeds 30 kg/m2,
although recommendations have been
made to consider pharmacologic weight-
loss treatment in diabetic patients who
have BMI levels exceeding 27 kg/m2.
“Lifestyle modification,” he suggested,
“should be the base,” emphasizing the
need for clear goals in managing these pa-
tients, ideally using “more than BMI,” per-
haps with measures of visceral fat,
although he recognized the controversy
pertaining to the use of waist circumfer-
ence. Furthermore, it is crucial that indi-
viduals responding to weight loss
medications continue these medicines
long-term. For optimal benefit, weight
loss medicines must be given along with
behavioral interventions (9).

Phentermine is approved only for pe-
riods of �6 months, and similar agents
have been shown to increase risk of val-
vular heart disease and hemorrhagic
stroke, so caution is needed with this ap-
proach. Close to one-third of individuals
receiving sibutramine lose at least 5% of
initial weight, but Bergenstal noted that
there is a modest increase in pulse and
blood pressure, which is why the drug is
not recommended for hypertensive pa-
tients. If only those individuals who show

a response to sibutramine continue the
treatment, 2-year weight loss has been
demonstrated. A long-term cardiovascu-
lar disease (CVD) outcome trial of
�9,000 individuals is in progress, with
results to be available in 1–2 years. Orl-
istat blocks absorption of up to one third
of ingested fat, and now is approved in a
60 mg dose as an over-the-counter prod-
uct, which blocks �20% of fat absorp-
tion. In Hollander’s study of type 2
diabetic patients receiving this agent,
weight decreased 6% over one year with a
fall in A1C of 0.5%. Both sibutramine and
orlistat show lipid benefit.

The cannabinoid receptor blocker
rimonabant, Bergenstal said, represents “a
fascinating system being explored.” The
agent is associated with weight loss and
apparently with direct inhibition of lipo-
genesis. Diabetic patients show nearly a 6
kg weight loss, with 6 cm decrease in
waist circumference, rise in HDL choles-
terol, reduction in triglyceride, and im-
provement in A1C by 0.6–0.7%. There
is, however, concern that rimonabant
may be associated with increased likeli-
hood of anxiety and depression. Ongoing
studies in individuals with impaired glu-
cose tolerance and in those with CVD will
give further information.

Exenatide “addresses a lot of the de-
fects,” with open-label extension studies
showing evidence of stable glycemia at 3
years and modest ongoing weight loss.
The use of exenatide in a long-acting form
may give greater A1C improvement and
weight reduction. Comparing the imme-
diate-release form of exenatide with insu-
lin glargine, similar A1C improvement
has been reported, but with weight loss
rather than with weight gain, an experi-
ence also found in comparison of ex-
enatide with mixed insulin preparations.
The amylin analog pramlintide also has
been reported effective in glucose-
lowering with evidence of reduction in
weight. Future studies may involve com-
bination treatments with leptin, with evi-
dence that the two have an additive effect.
Peptide YY, topiramate, new lipase inhib-
itors, fatty acid binding protein inhibi-
tors, “and lots of other endocan-
nabinoids” are being developed. Bergen-
stal reminded the audience, however, to
“consider these options but weigh the side
effects,” with lifestyle interventions more
appropriate.

Additional aspects of obesity and its
treatment were the subject of a number of
presentations at the ADA meeting. Brehm
et al. (abstract 64) compared two mod-

estly hypocaloric diets—one was com-
prised of 45% carbohydrate (CHO) and
40% fat, half of which was monounsatu-
rated fat (MUFA); the other diet was made
up of 60% CHO and 25% fat—for 1 year
in 124 obese type 2 diabetic individuals
with mean A1C 7.3%. (Abstract numbers
refer to the American Diabetes Associa-
tion Scientific Sessions, Diabetes 56
[Suppl. 1], 2007) Brehm et al. found sim-
ilar 3.9- and 3.8-kg weight loss and im-
provements in blood pressure, A1C, and
lipids. Paniagua et al. (abstract 1825)
studied 11 offspring of obese type 2 dia-
betic parents during 28-day periods of di-
ets enriched in saturated fat, in MUFA,
and in CHO. The latter diet was associ-
ated with increased abdominal fat, re-
duced adiponectin in adipose tissue
biopsy, and reduced insulin sensitivity.
Stanhope et al. (abstract 62) compared 13
individuals with BMI 25–35 kg/m2 in-
gesting fructose-sweetened beverages
with 10 ingesting glucose-sweetened bev-
erages comprising 25% of ingested calo-
ries, finding 24-h postprandial tri-
glyceride levels to more than double with
the former, while decreasing by 30% with
the latter diet. Total and small dense LDL
cholesterol increased 17 and 27%, apoli-
poproteins B 28%, and remnant lipopro-
tein triglyceride and cholesterol increased
77 and 53%, respectively, with the high
fructose diet, with the abnormalities ini-
tially observed at 2 weeks and continuing
through 10 weeks of observation. High-
fructose corn syrup, a mixture of �55%
fructose and 45% glucose, is the sweet-
ener used in most soft drinks in the U.S.,
with consumption of these products more
than doubling over the past two decades,
suggesting this to be an important factor
contributing to dyslipidemia, and offer-
ing an important rationale for avoiding
this dietary constituent.

Pharmacologic approaches to obesity
were explored in a number of studies.
Smith et al. (abstract 335) reported 12-
month follow-up results of 143 nondia-
betic individuals treated with pramlintide
versus placebo, showing dose-related
maintenance of 6-kg weight loss from
baseline of 106 kg, with both 360 �g
twice daily and 240 or 360 �g three times
daily. Edelman et al. (abstract 1826) stud-
ied 44 type 2 diabetic individuals treated
for 16 weeks with pramlintide 60–240
�g three times daily before meals (72%
tolerated the full dose). Placebo-corrected
weight decreased 3.7 kg and abdominal
girth decreased 5 cm. A1C decreased
from 6.5 to 6.4% with pramlintide, while
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increasing to 7.1% with placebo. Manon
Khazrai et al. (abstract 1,835) studied 20
obese individuals with a calorie-restricted
diet and an exercise program, finding that
those assigned to use a buccally absorbed
glucose solution giving 0.5–2.0 g glucose
daily for subjective hypoglycemia symp-
toms had 50 vs. 20% likelihood of �5%
weight loss at 4 weeks.

Dixon et al. (abstract 1,834) random-
ized 60 individuals with BMI �30 and
�40 kg/m2 and diabetes of �2 years’ du-
ration to conventional treatment, includ-
ing intensive lifestyle, or to laparoscopic
adjustable gastric band placement, find-
ing 21 vs. 2% weight loss at 2 years. Re-
mission of diabetes, with fasting glucose
�7 mmol/l/l and A1C �6.2%, without
hypoglycemic treatment, was seen in 76
vs. 15%, and was strongly associated with
weight loss, with a 13% weight loss cutoff
providing an 85% sensitivity and 86%
specificity for remission. The authors re-
ported no serious complications in either
treatment group. This may be a particu-
larly good outcome, however, as a re-
cently reported study of bariatric surgery
in 39 type 2 diabetic patients with a mean
BMI of 31 kg/m2, though improving gly-
cemia, led to one death, with four individ-
uals requiring reoperation for serious
complications and with major morbidity
(10).

Comorbidities associated with
obesity and insulin resistance
Eric Olson (Rochester, MN) discussed ob-
structive sleep apnea (OSA) as a metabolic
risk factor associated with CVD and with
disorders of glucose metabolism. Closure
of the nasal and/or oropharynx during
sleep leads to either partial or complete
obstruction. An apnea/hypopnea (respi-
ratory disturbance) index of five or more
episodes per hour of sleep occurs com-
monly. In the Wisconsin Sleep Cohort,
approximately half of men and one-
quarter of women snore at night, with
one-quarter of men and one-tenth of
women having evidence of sleep apnea
(11). Above a BMI of 40 kg/m2, half of
men have �15 breathing pauses per
hour, and approximately one-quarter of
diabetic men have �10 breathing pauses
per hour. These are cyclic disturbances,
with acute periods of altered respiration
alternating with periods of normal sleep.
Part or the difficulty in determining
whether there is a relationship of OSA to
CVD is in the shared risk factors. The
strongest linkage is that between OSA and
hypertension (12). Among 1,000 men

evaluated every 4 years initially with nor-
mal blood pressure, there was a two- to
threefold increase in risk of hypertension
with OSA. An observational study of a
similarly sized Spanish cohort found that
those with severe OSA had increased risk
of stroke, and those treated with contin-
uous positive airways pressure (CPAP)
had a reduction in risk to a level similar
that of individuals only exhibiting snor-
ing. In the Sleep Heart Health Study of
6,000 individuals followed for develop-
ment of heart disease, nocturnal cardiac
arrhythmias were increased with apnea/
hypopnea index �30/h. Individuals with
OSA have increased risk of sudden death,
and among individuals with OSA and
congestive heart failure, CPAP was asso-
ciated with a 10% improvement in ejec-
tion fraction at 1 and 3 months.

OSA is also associated with metabolic
dysregulation. In animal models of inter-
mittent hypoxemia, using the euglycemic
clamp technique, insulin resistance can
be shown after a several-day period, and
there is evidence of sympathetic activa-
tion in this model, with sympathetic
blockade preventing the development of
insulin resistance. Other potential mech-
anisms include activation of cytokine re-
lease . There i s a l so a U-shaped
relationship between BMI and average
hours of sleep per night, with BMI in-
creasing as sleep deprivation worsens,
suggesting another mechanism of associ-
ation between OSA and dysglycemia. Al-
though no longitudinal data as yet show
that OSA predicts subsequent diabetes,
among 2,656 participants in the Sleep
Heart Health Study, those with apnea/
hypopnea index �15/h had a 50% in-
crease in likelihood of developing fasting
glucose �110 or 2-h glucose �140 mg/dl
(13), with the index strongly associated
with the degree of insulin resistance after
controlling for obesity.

Andrea Dunaif (Chicago, IL) dis-
cussed CVD risk in the polycystic ovarian
syndrome (PCOS), proposing that andro-
gen levels are a “new risk factor” for CVD.
Anovulation and hyperandrogenism de-
fine PCOS, with high worldwide preva-
lence, associated with insulin resistance
and obesity, with prevalence increased in
premenopausal women with type 2 dia-
betes. 5% of nonobese and 20% of obese
women have elevated androgen levels.
Women with PCOS have a two- to three-
fold increase in prevalence of abnormal
glucose tolerance, with �10% of women
with the syndrome having undiagnosed
type 2 diabetes, and with �70% of young

obese women with PCOS having the met-
abolic syndrome.

CVD risk has been well demonstrated
to be associated with PCOS. Although
CVD occurs infrequently in women of re-
productive age having PCOS, so that it
has been difficult to demonstrate in-
creased events, there is evidence of coro-
nary artery calcification, impaired
fibrinolysis, and endothelial dysfunction
with the syndrome, and PCOS is associ-
ated with increased diabetes risk even
among women who are not obese.
Women with PCOS and metabolic syn-
drome have higher androgen levels than
do those without the syndrome, with an-
drogens predicting increased risk of dia-
betes. Dunaif described a study of women
with PCOS treated with the antiandrogen
flutamide, reducing visceral adiposity and
improving glucose tolerance. The risk of
PCOS is increased among family mem-
bers, with a 70% concordance between
female siblings, and with “the common
underlying phenotype elevated andro-
gens,” although only half of the sisters
with increased androgens have chronic
anovulation, suggesting hyperandrogen-
emia to be the primary mediator of the
syndrome; among male family members,
interestingly, androgen levels are low.
Discussing OSA, Dunaif noted that she
has shown an association of sleep apnea
with PCOS, with correlation between the
apnea/hypopnea index and testosterone
level. She also pointed out that the most
sensitive androgen measurement for the
syndrome is the free testosterone, best
calculated based on the bioavailable level
using the total testosterone and sex hor-
mone binding globulin level, with mass
spectroscopy rather than radioimmuno-
assay the better assay for testosterone.

Anna Mae Diehl (Durham, NC) dis-
cussed nonalcoholic fatty liver disease
(NAFLD), the spectrum of disease rang-
ing from steatosis, the accumulation of
fat, to nonalcoholic steatohepatitis
(NASH), involving an inflammatory re-
sponse, which may trigger fibrosis and go
on to cirrhosis. NAFLD is strongly associ-
ated with obesity, with insulin resistance,
and with type 2 diabetes. In a study pre-
sented at the ADA meeting, Oliveira et al.
(abstract 1868) performed hepatic ultra-
sonography in 432 children and adoles-
cents, finding the pattern of NAFLD to be
associated with higher alanine transami-
nase, aspartate transaminase, �-glutamyl
transphosphatase, and triglyceride levels,
with alanine transaminase �38 units/l of-
fering the greatest degree of prediction,
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though only with a positive predictive
value of �10%. Overeating is associated
with increased liver fat deposition. Tri-
glyceride is the end product of fatty acid
metabolism, with hepatocytes having ac-
tive fatty acid metabolism with potential
to oxidize fat, to export fats as lipopro-
teins, or to store fat as triglyceride. One-
third of adults in the U.S. are obese, and
�80% of them have NAFLD. Visceral ad-
ipose tissue in particular promotes a cyto-
kine pattern associated with decreased
insulin sensitivity, leading to uncertainty
as to whether increased fatty acid avail-
ability increases hepatic triglyceride syn-
thesis; increased liver fat is caused by
hepatic cytokine-related insulin resis-
tance. In either event, there is crosstalk
between liver and fat, either of which is
potentially capable of initiating the cycle
of fatty liver and insulin resistance. The
question of why hepatic fat is harmful is
not fully answered. Hepatocytes incu-
bated in methionine-deficient media are
subject to oxidative stress with reduced
VLDL secretion, causing increased fat
deposition and leading to increased apo-
ptosis. In vivo, in a model of reduced tri-
glyceride synthesis, oxidative damage is
increased. It is possible, then, that fatty
acids are the actual mediators of hepatic
damage, with triglyceride a marker of in-
creased fat exposure rather than directly
causing hepatic damage. Not all models of
NAFLD show response to insulin sensitiz-
ers, although there is evidence that piogli-
tazone is beneficial in approximately half
of clinically treated individuals. Why,
then, do diabetic individuals have worse
NAFLD? Diabetes is associated with ab-
normalities of cellular repair, which af-
fects the �-cell and is associated with
microvascular disease. Diehl suggested
that similar processes may lead benign
NAFLD to progress to NASH. Myofibro-
blastic stellate cells produce growth fac-
tors for hepatocyte progenitor cells.
Progression to fibrosis rather than initia-
tion of reparative processes may involve
abnormal signaling mechanisms, al-
though it is uncertain whether this pro-
cess is related to insulin resistance.

Another ectopic fat deposition disor-
der is lipotoxic heart disease. Lidia Szcz-
epaniak (Dallas, TX) discussed this
condition, noting that in animal models,
both diabetes and obesity are associated
with increased myocardial fat and with
cardiac dysfunction. Ceramide produc-
tion may mediate a portion of this condi-
tion, and myocardial apoptosis is
increased. Szczepaniak showed evidence

that thiazolidinediones prevent cardiac
steatosis in an animal model of acetyl CoA
synthase overexpression with increased
myocardial fat, with consequent improve-
ment in cardiac function. There is some
clinical evidence of a condition of “fatty
heart,” with recent evidence that obesity is
associated with increased cardiomyocyte
fat levels. Localized proton magnetic res-
onance spectroscopy has been used to
quantitate myocardial triglyceride in spe-
cific regions, correlating with decreased
cardiac function, and is associated with
greater BMI and with a lower degree of
physical activity. Impaired glucose toler-
ance and diabetes are associated with high
myocardial triglyceride and impaired di-
astolic function, but Szczepaniak re-
viewed a study with thiazolidinedione
treatment showing reduced myocardial
triglyceride without restoration of dia-
stolic function in insulin-treated individ-
uals, suggesting the need to initiate such
treatment at an earlier time.

Diabetes studies
A number of studies presented at the ADA
meeting addressed additional aspects of
diabetes. Clausen et al. (abstract 80) stud-
ied 160 and 128 offspring, respectively, of
women who had had type 1 diabetes dur-
ing pregnancy and of nondiabetic
women, the offsprings 18–27 years old,
finding 9% vs. 3% with impaired fasting
glucose or impaired glucose tolerance and
15% vs. 6% having metabolic syndrome,
suggesting an effect of the abnormal intra-
uterine environment leading to subse-
quent abnormal �-cell function and/or to
insulin resistance. In an observation po-
tentially related to interactions between
glucose and mineral metabolism, Flores
et al. (abstract 68) found that 86% of in-
dividuals with fasting glucose �125 mg/
dl, but 70% of those with lower glucose
levels, had serum 25-hydroxy-vitamin D
levels �70 nmol/l, with calcium intake
�1g daily associated with 54% reduction
in the likelihood of diabetes. Vitamin D
may also benefit the immune system, so
that the association between glucose in-
tolerance and vitamin D deficiency may
be relevant to manifestations of autoim-
munity. Libman et al. (abstract 1866)
measured glutamic acid dehydroxy-
lase-65 and IA-2 antibodies in 130 non-
diabetic children mean age 13, with BMI
above the 98th percentile. 16 had at least
one �-cell antibody and six were positive
for both, with the autoantibodies associ-
ated with lower adiponectin and higher
C-reactive protein and leptin levels, but

with similar BMI, body fat, and glucose
and insulin levels. Thus, the insulin-
resistant state, which is associated with
increased levels of inflammation, may
also be associated with immunity at the
level of the �-cell similar to that causing
type 1 diabetes.

Pearson (abstract 953) reported data
from the U.S. National Ambulatory Med-
ical Care Survey that the number of adults
who had been told of diabetes increased
from 9 to 16 million from 1995 to 2004,
while the number of office visits with di-
abetes as primary diagnosis increased
from 13 to 27 million during this period.
Mason et al. (abstract 40) studied the pat-
tern of change in glucose among 274 Pima
Indians progressing to diabetes over ob-
servation periods with biennial glucose
tolerance testing ranging to �30 years.
After a long period of slow increase in 2-h
blood glucose by �10 mg/dl, a consider-
ably more rapid increase from �140 to
200 mg/dl occurred over a period averag-
ing 4.5 years, suggesting that there is a
stage of more rapid deterioration in post-
prandial glycemia, presumably associated
with abrupt loss of insulin secretory ca-
pacity, preceding the clinical appearance
of diabetes. Looking further along the nat-
ural history of the disease, Bilo et al. (ab-
stract 933) described use of diet alone,
oral hypoglycemic agents, and insulin in a
cross-sectional study of 6,850 type 2 dia-
betic individuals in the Netherlands with
diabetes duration �2 to �20 years, with
mean A1C increasing from 6.5 to 7.3%,
and insulin use increasing from 2 to 64%,
the latter finding suggesting that even
with maintenance of relatively good gly-
cemic control, insulin secretion then con-
tinues to decrease (though perhaps in a
more gradual fashion) throughout the
course of the disease.

Hanley et al. (abstract 41) studied de-
terminants of diabetes among 1,070 ini-
tially nondiabetic individuals, of whom
85 developed diabetes over a 5-year pe-
riod. Reduced insulin sensitivity and re-
duced acute insulin response were
significant determinants, while visceral
adipose tissue mass was not significantly
associated with diabetes in the overall
population, after adjusting for age, sex,
ethnicity, impaired fasting glucose, and
BMI, although the latter measures may
have reduced the strength of an effect of
visceral adiposity, and there was evidence
of an association between visceral fat and
diabetes among women. In a separate
analysis of 868 individuals from this pop-
ulation, of whom 142 developed diabetes
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over 5.2 years, Haffner et al. (abstract 44)
showed similar 8 –9% annual diabetes
risk among individuals with metabolic
syndrome who had fasting glucose either
100–125 or 110–125 mg/dl, suggesting
the former range of glycemic abnormality
to allow identification of a greater number
of individuals at risk when additional fea-
tures were also required. Gregg et al. (ab-
stract 42) used data from 37,307 adult
participants in three U.S. National Health
and Nutrition Examination Surveys
(NHANES) carried out from 1976 to
2004, a period during which diabetes
prevalence increased from 5.1 to 8.8% of
the adult population. Increases in over-
weight (BMI 25 to �30 kg/m2) contrib-
uted to approximately one-fifth of the
increase in diabetes in the U.S. popula-
tion, and increases in class I obesity (BMI
30 to �35 kg/m2) contributed approxi-
mately one-third, while increases in more
severe obesity (BMI�35 kg/m2) contrib-
uted to approximately half of the increase
in diabetes prevalence. Given the smaller
size of the latter group and their relatively
great effect on diabetes, this might be a
particularly useful area of focus. Wilson et
al. (abstract 43) followed 1,004 individu-
als with fasting glucose 100–125 mg/dl
and/or 2-h glucose 140 to �200 mg/dl for
7 years, with 118 requiring diabetes treat-
ment or developing fasting glucose �125
mg/dl. In multivariate analysis of the pop-
ulation, parental diabetes, obesity, and
low HDL cholesterol each were indepen-
dently associated with two- to -threefold
increases in diabetes risk. Valensi et al.
(abstract 950) studied 1,274 individuals
with overweight or obesity, mean age 39
years, with only 1.4% having fasting glu-
cose �125 mg/dl but 6.1% having diabe-
tes based on glucose �200 mg/dl, 2-h
after 75-g oral glucose; similarly 6.4% had
fasting glucose �100 mg/dl but 19% had
2-h glucose �140 mg/dl. The authors
concluded that the fasting glucose alone
only recognizes one-quarter to one-third
of obese/overweight individuals with dys-
glycemia. Bertoni et al. (abstract 922)
studied 5,450 initially nondiabetic indi-
viduals at mean age 62 years, finding that
over a 3.1-year follow-up, with 312 indi-
viduals developing diabetes, C-reactive
protein and interleukin-6 were significant
risk factors after adjustment for BMI, hy-
pertension, and impaired fasting glucose,
suggesting a role of inflammation in de-
velopment of diabetes.

Devers et al. (abstract 946) measured
waist circumference, blood pressure, fast-
ing plasma glucose, triglyceride, and HDL

cholesterol in 1,429 individuals to ad-
dress the criticism of the metabolic syn-
drome concept that it simply combines a
number of cardiovascular risk factors,
without in itself giving additional infor-
mation as to disease status. The syndrome
prevalence was greater than that obtained
by appropriately combining the preva-
lences of the individual components, with
a greater-than-expected number of indi-
viduals having four or all five abnormali-
ties; the authors suggested this to confirm
the validity of the syndrome. Further-
more, individuals with normal waist cir-
cumference had a lower-than-expected
prevalence of metabolic syndrome, with
the authors suggesting that the Interna-
tional Diabetes Federation definition, re-
quiring increased waist circumference
using ethnic-specific cutoffs, offers a rea-
sonable approach.

Gregg et al. (abstract 126) and Tao et
al. (abstract 127) reported outcome
among diabetic individuals from the three
1971–1994 NHANES cohorts, showing a
nearly 40% reduction both in total and in
cardiovascular mortality rates. The reduc-
tion was, however, only seen among men,
so that at the present time the mortality of
diabetic women is similar to that of dia-
betic men. Furthermore, the reduction in
mortality was less than that among non-
diabetic adults, so that cardiovascular
mortality rates for diabetic individuals
were double those for nondiabetic indi-
viduals from the 1971–1975 cohort, but
triple those in the 1988–1994 cohort. Hi-
rai et al. (abstract 924) followed 567 in-
sulin-treated individuals with diabetes
onset at age �30 for 16 years, finding that
each 1% increase in A1C was associated
with a 17% increase in cardiovascular
mortality, each 1 unit � kg�1 � day�1 in-
crease in insulin dose was associated with
a 75% increase, and each 1 nmol/l in-
crease in C-peptide was associated with a
35% increase, after adjustment for age,
sex, BMI, diabetes duration, time since
last meal, history of CVD, hypertension,
and smoking. Both poor glycemic control
and insulin resistance may, then, be me-
diators of adverse outcomes.

Duan et al. (abstract 128) followed
14,699 individuals initially without coro-
nary heart disease (CHD) for 9 years. Met-
abolic syndrome was present in 39%,
with these individuals, but not those
without the syndrome, showing an asso-
ciation between obesity as measured ei-
ther by waist circumference or by BMI
with CHD risk, mediated in part by the
other syndrome components, elevated

triglycerides, lower HDL cholesterol, ele-
vated blood pressure, and elevated fasting
glucose. Gregoire et al. (abstract 915)
found that 36,429 diabetic individuals
age �65 years receiving initial diabetes
treatment with metformin had reduced
mortality by 37 and 24% during succes-
sive 21-month follow-up periods in com-
parison with 18,528 such individuals
initially treated with a sulfonylurea, while
2,548 receiving the combination of both
agents had 19 and 34% increased mortal-
ity, respectively. Although these findings
may represent differences in patient selec-
tion criteria, the qualitative similarity to
the findings of the UKPDS suggests that
caution may be appropriate in the use of
sulfonylureas in combination with
metformin.

References
1. Colditz GA, Willett WC, Rotnitzky A,

Manson JE: Weight gain as a risk factor for
clinical diabetes mellitus in women. Ann
Intern Med 122:481–486, 1995

2. Calle EE, Thun MJ, Petrelli JM, Rodriguez
C, Heath CW Jr: Body-mass index and
mortality in a prospective cohort of U.S.
adults. N Engl J Med 341:1097–1105,
1999

3. Whelton PK, Appel LJ, Espeland MA,
Applegate WB, Ettinger WH Jr, Kostis JB,
Kumanyika S, Lacy CR, Johnson KC, Fol-
mar S, Cutler JA: Sodium reduction and
weight loss in the treatment of hyper-
tension in older persons: a randomized
controlled trial of nonpharmacologic in-
terventions in the elderly (TONE). TONE
Collaborative Research Group. JAMA
279:839–846, 1998

4. [1] Gu D, Reynolds K, Wu X, Chen J,
Duan X, Reynolds RF, Whelton PK, He J,
InterASIA Collaborative Group: Preva-
lence of the metabolic syndrome and
overweight among adults in China. Lancet
365:1398–405

5. Muntner P, Gu D, Wildman RP, Chen J,
Qan W, Whelton PK, He J: Prevalence of
physical activity among Chinese adults:
results from the International Collabora-
tive Study of Cardiovascular Disease in
Asia. Am J Public Health 95:1631–1636,
2005

6. Yki-Jarvinen H, Ryysy L, Nikkila K, Tulo-
kas T, Vanamo R, Heikkila M: Compari-
son of bedtime insulin regimens in
patients with type 2 diabetes mellitus: a
randomized, controlled trial. Ann Intern
Med 130:389–396, 1999

7. Purnell JQ, Hokanson JE, Marcovina SM,
Steffes MW, Cleary PA, Brunzell JD: Effect
of excessive weight gain with intensive
therapy of type 1 diabetes on lipid levels
and blood pressure: results from the
DCCT. Diabetes Control and Complica-

Bloomgarden

DIABETES CARE, VOLUME 31, NUMBER 1, JANUARY 2008 181



tions Trial. JAMA 280:140–146, 1998
8. Orchard TJ, Olson JC, Erbey JR, Williams

K, Forrest KY, Smithline Kinder L, Ellis D,
Becker DJ: Insulin resistance-related fac-
tors, but not glycemia, predict coronary
artery disease in type 1 diabetes: 10-year
follow-up data from the Pittsburgh Epide-
miology of Diabetes Complications Study.
Diabetes Care 26:1374–1379, 2003

9. Wadden TA, Berkowitz RI, Womble LG,
Sarwer DB, Phelan S, Cato RK, Hesson
LA, Osei SY, Kaplan R, Stunkard AJ: Ran-

domized trial of lifestyle modification and
pharmacotherapy for obesity. N Engl
J Med 353:2111–20, 2005

10. Depaula AL, Macedo AL, Rassi N,
Machado CA, Schraibman V, Silva LQ,
Halpern A: Laparoscopic treatment of
type 2 diabetes mellitus for patients with a
body mass index less than 35. Surg En-
dosc. 2007 Aug 18; [Epub ahead of print]

11. Young T, Palta M, Dempsey J, Skatrud J,
Weber S, Badr S: The occurrence of sleep-
disordered breathing among middle-aged

adults. N Engl J Med 328:1230–1235, 1993
12. Hla KM, Young TB, Bidwell T, Palta M,

Skatrud JB, Dempsey J: Sleep apnea and
hypertension: a population-based study.
Ann Intern Med 120:382–388, 1994

13. Punjabi NM, Shahar E, Redline S, Got-
tlieb DJ, Givelber R, Resnick HE; Sleep
Heart Health Study Investigators. Sleep-
disordered breathing, glucose intoler-
ance, and insulin resistance: the Sleep
Heart Health Study. Am J Epidemiol 160:
521–530, 2004

Perspectives on the News

182 DIABETES CARE, VOLUME 31, NUMBER 1, JANUARY 2008


