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APPROXIMATELY ONE-THIRD OF ADULTS IN THE UNITED

States are obese,1 and largely because of this, at
least as many have diabetes or prediabetes.2 With
these escalating twin epidemics, the health care

community has been challenged to develop novel treat-
ment strategies.

In this issue of JAMA, Dixon and colleagues3 report a 2-year
study in which patients with recently diagnosed type 2 dia-
betes and a body mass index (BMI) of 30 to 40 were ran-
domly assigned to receive conventional medical/
behavioral therapy (medical therapy and a focus on weight
loss through lifestyle modification) or laparoscopic adjust-
able gastric banding (LAGB) plus conventional medical/
behavioral therapy. The results were clear and striking. Com-
plete remission of diabetes at 2 years was achieved in 73%
of the patients in the LAGB group vs only 13% of those in
the medical/behavioral therapy group, and the former ex-
perienced larger reductions in blood glucose levels, gly-
cated hemoglobin levels, estimated insulin resistance, use
of diabetes medication, and several features of the meta-
bolic syndrome. No serious surgical complications were re-
ported, and minor surgical mishaps seemed no worse than
the adverse reactions to diabetes-related pharmaco-
therapy.

As expected, the surgical group lost more weight than
the medical/behavioral group (20.7% vs 1.7%), and the
amount of weight lost was the dominant predictor of dia-
betes remission. The percentage weight loss generally
required for diabetes resolution was 10%, which was
achieved in 86% of surgical patients but in only 1 patient
in the medical group. Of the 34 patients who lost less than
10% of body weight, only 4 experienced diabetes remis-
sion, and these individuals had particularly mild baseline
disease. Conversely, of the 26 patients who lost more than
10% of body weight, diabetes remitted in all but 4. In
short, diabetes remission after LAGB appeared attributable
to weight loss, with no evidence of additional antidiabetes
mechanisms; but by promoting greater weight loss, LAGB

was far more effective than medical/behavioral therapy at
improving diabetes.

For a study in which surgery outperformed nonsurgical
interventions, a natural question is whether the medical/
behavioral program was as good as it could be. Pharmaco-
therapy was determined individually by an experienced dia-
betologist, using all diabetes medications available at the time.
In addition, lifestyle optimization was stressed, including
reduced intake of fats, saturated fats, foods with high gly-
cemic index, and overall calories, together with a physical
activity program of more than 10 000 steps per day and 200
minutes per week of moderate-intensity exercise. Whether
this program constitutes the optimal medical/behavioral in-
tervention can be debated. However, participants visited a
physician, nurse, dietician, and/or diabetes educator at least
once every 6 weeks for 2 years—an intensity of follow-up
unlikely to be exceeded in common practice. Moreover, be-
cause both study groups had access to the same nonsurgi-
cal interventions, the greater improvement in diabetes fol-
lowing surgery is attributable to the benefits of LAGB in this
randomized trial.

The general applicability of these findings remains to be
determined. The authors’ bariatric surgical team in Mel-
bourne, Australia, is among the most experienced groups
in the world using LAGB, and their excellent results may
not be readily reproducible elsewhere. Their reported post-
LAGB weight loss4 often exceeds that observed by other
investigators.5-9 The discrepancy likely results from the Mel-
bourne group’s acclaimed long-term, multidisciplinary post-
LAGB follow-up program. The widespread feasibility and
cost of such postoperative coaching are unclear, and re-
sults in the community at large are unknown. Moreover, par-
ticipants in this study had relatively mild diabetes, as char-
acterized by less than 2 years’ duration, no retinopathy or
nephropathy, a mean baseline glycated hemoglobin value
of 7.7%, and only 1 patient taking insulin. It is unclear
whether secondary effects from weight loss alone after LAGB,
without apparent direct antidiabetes surgical mechanisms,
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would suffice to reverse more severe, longstanding disease
with greater �-cell deterioration.

The more relevant lessons about bariatric surgery and
diabetes may come from an operation more common in
the United States, the Roux-en-Y gastric bypass (RYGB).
This procedure and biliopancreatic diversion—bariatric
operations that rearrange gastrointestinal tract anatomy—
appear to engage antidiabetes mechanisms beyond those
related to weight loss. Evidence supporting this is mount-
ing on several fronts.10 For example, diabetes typically
resolves within a few days to weeks following these opera-
tions, long before substantial weight loss has occurred.
Among the approximately 84% of patients with diabetes
whose disease remits entirely after RYGB,11-13 one-third
have blood glucose levels within reference range without
use of antidiabetes medications before discharge from their
surgical hospitalization, at an average of less than 3 post-
operative days.13 Most of the remainder discontinue anti-
diabetes medications within 1 month. In sharp contrast,
none of the patients undergoing LAGB surgery in the
study by Dixon et al had experienced diabetes remission
by 6 months after surgery.3 When evaluated at an equiva-
lent percentage weight loss, patients who have undergone
RYGB surgery display greater improvements in glucose tol-
erance than those who have undergone LAGB surgery. The
RYGB procedure increases insulin sensitivity but also
might directly improve �-cell function, as suggested by
increasing, although still uncommon, reports of patients
who had undergone RYGB surgery and who develop late-
onset, severe hyperinsulinemic hypoglycemia (sometimes
necessitating pancreatectomy), implying a �-cell-
stimulatory effect of RYGB.14-17 Antidiabetes mechanisms
of bariatric operations with intestinal bypass probably
include enhanced nutrient-stimulated secretion of
glucagon-like peptide 1 from the distal intestine, compro-
mised ghrelin production, and intriguing but poorly char-
acterized consequences of excluding the proximal intestine
from digestive continuity.10,18,19

For policy makers, professional societies, clinicians,
and patients, studies like the one by Dixon et al have
important implications; consequently, interest in this
topic is increasing. The first International Diabetes Sur-
gery Summit was recently convened in Rome, Italy, to
comprehensively evaluate surgical options for diabetes
treatment. Summit delegates called for increased basic
and clinical or translational research to elucidate the
mechanisms that mediate effects of gastrointestinal tract
surgery on diabetes. They noted that despite hundreds of
observational studies demonstrating benefits of surgical
weight loss on diabetes, the American Diabetes Associa-
tion and similar international and pediatric societies have
yet to highlight surgery as an important treatment option.
Although National Institutes of Health consensus guide-
lines from 1991 indicate that patients with diabetes and
BMI greater than 35 can be considered for bariatric sur-

gery, more than 90% of such individuals do not undergo
these procedures, and most are probably not referred for
surgical evaluation or even informed of surgical vs non-
surgical options. Commonly used decision trees for dia-
betes treatment currently do not mention surgery at all,
even for severely obese patients.20

There has been concern over inadequate safety and ef-
fectiveness studies, but researchers are rectifying this. For
example, the Longitudinal Assessment of Bariatric Sur-
gery, a multicenter study funded by the National Institutes
of Health, is evaluating safety, efficacy, and mechanisms of
bariatric operations.21 The recently reported results from more
than 10 years of the Swedish Obese Subjects (SOS) study22

assessing more than 4000 matched obese patients receiv-
ing nonsurgical care vs various bariatric procedures dem-
onstrated that the prevention of new diabetes as well as reso-
lution of existing diabetes were substantially improved in
patients undergoing surgery. Bariatric surgery also de-
creases overall long-term mortality, including a remark-
able 92% reduction in diabetes-related deaths following
RYGB.9,23

With class 1 evidence such as that from the study by Dixon
et al,3 with large observational studies such as the Swedish
Study,22 and with increasing recognition that nonsurgical
interventions rarely lead to major, long-term weight loss,
professional societies and clinicians should reconsider the
role of surgery to treat diabetes. For example, Dixon et al
demonstrated that LAGB was superior to conventional dia-
betes therapy, including among patients with BMI less than
35. Comparable randomized controlled trials might be ex-
pected to be even more compelling for RYGB and biliopan-
creatic diversion, which activate direct glucose-lowering
mechanisms additional to those resulting from weight loss.
Although these operations are even more effective than LAGB
surgery at reversing obesity and diabetes, they also confer
greater surgical risks, so long-term comparative trials of these
procedures are warranted.

Given the relative effects of surgical vs conventional
approaches, it may be time to view bariatric operations
not as treatments for patients with BMI greater than a
certain level, but rather as interventions about which all
obese patients with diabetes should be informed and
given access. Within the past year alone, bariatric surgery
societies in the United States, South America, and Europe
have changed their names to highlight this concept of
“metabolic surgery.”

It is time for a major shift in the way the health care com-
munity considers diabetes treatment goals. Currently, dia-
betes is viewed as a chronic disease, with glycemic control
and minimization of end-organ dysfunction considered the
principle management targets. Gastrointestinal tract sur-
gery, whether through weight loss or yet-to-be-determined
additional mechanisms, offers a novel end point: the no-
tion of complete disease remission. Discussing remission as
an option for patients necessitates rethinking the current
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approach to counseling, disease management, and re-
source allocation.

Finally, there is much to learn about surgical treatments
for diabetes. Researchers are striving to elucidate surgical
mechanisms of diabetes improvement, hoping ultimately to
harness the effects of “surgery in a pill”—ie, a formulation
providing the desired effects without operative risks. Policy
and health care leaders are grappling with the costs and risks
of surgical interventions, which must be balanced against
the costs and risks of not taking advantage of surgically in-
duced diabetes remission, in the face of an expanding pan-
demic. Addressing these issues requires time and re-
sources, but in this era of advanced diabetes research, the
insights already beginning to be gained by studying surgi-
cal interventions for diabetes may be the most profound since
the discovery of insulin. As a result, the future looks brighter
for patients.
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