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Given the seemingly unstoppable diabetes crisis, new effi-
cient therapies for the prevention and treatment of this
devastating and costly disease are sorely needed, and bari-
atric surgeries intended for weight loss seem to fill this gap.
In addition to weight loss, there is remarkable short- to
medium-term diabetes remission, particularly after Roux-en-Y
gastric bypass and sleeve gastrectomy (1). However,
broad longer-term effectiveness and complete cure are more
elusive (2,3). It is also clear that bariatric surgery is not the
answer for the staggering numbers of people with obesity
and type 2 diabetes on either a national or global scale. This,
in turn, has stimulated intense research efforts to find out
the molecular and behavioral mechanisms behind the suc-
cess of bariatric surgeries so that they can eventually be
exploited with improved pharmacological and lifestyle/
behavioral strategies but without the surgery.

The question of whether diabetes remission is mainly due
to weight loss or weight loss–independent effects of the
surgery is fundamental, as it guides experimental approaches
and may lead us to very different sets of key underlying
pathways and molecular mechanisms (Fig. 1). If remission is
mostly due to changes in food intake and energy expenditure
resulting in weight loss, brain mechanisms involving the
control of appetite and energy balance are key. If it involves
mainly weigh loss–independent effects, mechanisms of in-
sulin secretion and insulin action on various organs should
attract greater attention. Given the severe dietary restric-
tions and the heavy dietary counseling before and after
surgery, as well as difficulties in measuring food intake,
clinical studies are not ideally suited to answer this question.
A number of bariatric surgery models in both rats and mice
have been established, allowing well-controlled and mecha-
nistic studies.

In this issue of Diabetes, Abu-Gazala et al. (4) address
this fundamental question. They used hyperglycemic
leptin receptor–deficient db/db mice to demonstrate body
weight–independent improvements of glycemia after sleeve
gastrectomy. They first show that even though body weight

quickly recovered after sleeve gastrectomy to above presur-
gical levels, the high blood glucose levels (.400 mg/dL) of
sham-operated obese db/db mice decreased and remained
at much lower levels (;200 mg/dL) in db/db mice at 7 and
30 days after surgery. Furthermore, pair feeding mice with
sham surgery to the reduced food intake after sleeve gas-
trectomy did not result in the same reduction of blood
glucose, ruling out the early hypocaloric state as the main
driver of glycemic improvement in this mouse model. These
findings are in support of earlier reports of weight loss–
independent effects of sleeve gastrectomy in obese diabetic
rodent models (5,6) as well as conclusions reached from
clinical studies with both sleeve gastrectomy and gastric
bypass surgery.

Despite these clear and important findings, conclusions
require careful consideration. First, these new findings may

Figure 1—Schematic diagram showing the major factors and path-
ways involved in the beneficial effects of bariatric surgeries on body
weight and glucose homeostasis, with emphasis on caloric restriction
and weight loss–dependent (solid lines) and –independent (broken
lines) factors.
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mostly apply to this special leptin-deficient diabetic mouse
model but not to the more common prediabetic state that is
seen in diet-induced obese rodents. Abu-Gazala et al. (Sup-
plementary Data in ref. 4) addressed this important point by
demonstrating a slightly higher glucose-lowering effect in
high-fat diet–induced obese mice 7 days after sleeve gas-
trectomy compared with that obtained by calorie restriction
in weight-matched mice with sham surgery. However, it
should be noted that an impressive list of studies in humans
(7–10) and rodents (11,12) find that calorie restriction–
induced weight loss (to match body weight of surgical
subjects) resulted in similar early improvements in glycemic
control and insulin sensitivity. Also, longer-term studies
with a mouse model of Roux-en-Y gastric bypass and uti-
lizing weight-matched controls find no difference in the
effectiveness to improve insulin levels and glycemic control
(13). Semistarvation, as with very low-calorie diets, can sig-
nificantly lower blood glucose and increase hepatic insulin
sensitivity before any weight loss occurs (14,15), and as little
as 5%weight loss sustained over 4 years was highly beneficial
for diabetes remission in the Diabetes Prevention Program
(DPP) (16). Thus, there is no doubt that dietary restriction
andweight loss aremajor drivers of improvements in glucose
homeostasis after bariatric surgeries.

Second and more importantly, although the study by
Abu-Gazala et al. (4) points to changes in hepatic insulin
sensitivity, we still do not know the mechanisms of weight
loss–independent improvements in glycemic control after
bariatric surgeries. Specifically, we do not understand the
critical chain of events emanating from the anatomical
changes made to the gastrointestinal tract that eventually
lead to improved insulin sensitivity (Fig. 1). We may have
many ideas regarding the involvement of gut hormones (17),
bile acid signaling (18,19), the gut microbiome (20), and
intestinal tissue reprogramming (21), but few of these po-
tential mechanisms have been directly tested and confirmed
so far.
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