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SUMMARY
Two single-centre, non-blinded, randomized, controlled trials recently
reported the effect of bariatric surgery on the rate of diabetes control.
Bariatric surgery was shown to be far more effective than conventional
or intensive medical therapy in inducing remission and controlling
hyperglycaemia (with fewer medicines or none). The present studies
were the first two randomized controlled trials comparing medical
therapy with surgical measures for weight loss besides gastric banding.
They add to the accumulating evidence that bariatric surgery improves
glycaemic control in people with diabetes.1,2 Other benefits of surgery
included improvement in weight, waist circumference, lipids, blood
pressure and markers of inflammation. In a large, non-randomized
matching control trial, Sjöström et al. have shown that bariatric
surgery for severe obesity is associated with long-term weight loss,
remission of diabetes and decreased cardiovascular and overall
mortality (Table I).3–6

Mingrone et al. recruited patients aged 30–65 years with a body
mass index (BMI) >35 kg/m2, diabetes for >5 years with HbA1C
>7.5%. The control group (n=20) received conventional medical
therapy including reduced overall energy and fat intake, increased
physical exercise, oral agents and insulin optimized with the aim of
keeping HbA1C <7% in a multidisciplinary approach. The intervention
group underwent laparoscopic bariatric procedures (Roux-en-Y gastric
bypass [GBP, n=20]: <30 ml gastric pouch, 100 cm Roux limb, 75 cm
biliopancreatic limb; or biliopancreatic diversion [BPD, n=20]: ~300
ml gastric pouch, 250 cm Roux limb, 50 cm common channel). The
primary end-point for the study was remission of type 2 diabetes
(defined by fasting plasma glucose <100 mg/dl and HbA1C <6.5%
for 1 year or more without active pharmacotherapy). Secondary end-
points included changes in fasting glucose, HbA1C, weight, waist
circumference, blood pressure and cholesterol. At 2 years, 75% of
patients who underwent GBP and 95% who underwent BPD were
free of diabetes for more than 1 year. None of the conventionally

treated patients reached the target. Fasting plasma glucose, HbA1C
and waist circumference improved with both procedures; high-
density lipoprotein (HDL) cholesterol improved only with GBP; and
total and low-density lipoprotein (LDL) cholesterol and triglycerides
improved only with BPD. During a 2-year follow-up period, 2
patients undergoing medical therapy and one each undergoing GBP
and BPD withdrew from the study. No deaths were reported. One
patient each in the BPD and GBP groups developed surgical
complications, 2 developed persistent diarrhoea with metformin, 4
developed iron deficiency anaemia, 2 developed hypoalbuminaemia
and 2 women developed osteopenia/osteoporosis.

Schauer et al. recruited patients aged 20–60 years with type 2
diabetes (HbA1C >7%) and BMI between 27 and 43 kg/m2. The
control group (intensive medical therapy alone, n=50) underwent
therapeutic lifestyle changes and received drug therapy (metformin±
thiazolidinediones [TZDs]±glucagon-like peptide-1 [GLP-1]
analogue± glargine±aspart/lispro [if glargine >0.5 U/kg/day]) with a
goal HbA1C of <6%. The inter-vention group underwent laparoscopic
bariatric procedures (either Roux-en-Y GBP [n=50]: 15–20 ml
gastric pouch, a 150 cm Roux limb, and a 50 cm biliopancreatic limb;
or sleeve gastrectomy [n=50]: 75%–80% gastric volume reduction).
The primary end-point for the study was the proportion of people with
HbA1C <6% at 12 months. The secondary end-points included
fasting glucose, insulin, lipids, high sensitivity C-reactive protein
(hs-CRP), homeostatic model assessment for insulin resistance
(HOMA-IR), weight loss, blood pressure, adverse events, coexisting
illnesses and changes in medications. At 12 months of follow-up,
target HbA1C (<6%) was reached in 42% of patients undergoing
GBP (with no medications) and 37% undergoing sleeve gastrectomy
(with only one medicine). Twelve per cent of intensively treated
patients reached the target (often with multiple medications). HDL
cholesterol, hs-CRP and HOMA-IR improved with both procedures;
triglycerides improved only with GBP; and total- and LDL-cholesterol
improved with none of the procedures (though requiring fewer lipid-
lowering medications). During the follow-up for 1 year, 1 patient
undergoing sleeve gastrectomy and 9 in the intensive medical therapy
alone group withdrew. No deaths were reported in this study. Adverse
effects included 4 corrective surgeries performed in the intervention
group, 15 of 99 in the intervention group (v. 4/43 in the control group)
required hospitalization, 67 hypoglycaemic episodes were reported
in 99 patients undergoing bariatric procedures (v. 35 episodes in 43
controls), anaemia developed in 12 of 99 (v. 3/43) and weight gain of
>5% was reported in none of the 99 in the intervention group (v. 3 of
43 in controls).

Age, initial BMI, the degree of weight loss, duration of diabetes
or insulin use, or type of bariatric procedure did not predict outcomes,
though these studies were not powered to look at the outcomes in a
multivariate manner.

COMMENT
There are several weaknesses in the studies. They are not long-
term or aimed at hard end-points of morbidity and mortality seen
to occur in excess in people with type 2 diabetes, especially with
medically complicated obesity. They are non-blinded studies;
understandably this is rather difficult to achieve in a ‘bariatric
surgery v. no surgery’ design. The studies do not include enough
subjects to help draw valid conclusions about the efficacy of
individual surgical procedures or benefit/harm to different patient
subgroups.
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Nonetheless, these two studies provide compelling results on
the efficacy of bariatric surgery. Despite fundamental differences
in the surgical interventions (sleeve gastrectomy leads to the least
malabsorption and BPD to the most), improvement in glycaemic
control was reported after all the bariatric procedures. The new
questions that surgeons have raised and answered for physicians
caring for patients with type 2 diabetes are as under:

Should we consider bariatric surgery as a part of the
algorithm of diabetes management?

Yes. Physiologically, bariatric procedures make perfect sense in
the management of people with medically complicated obesity
associated with type 2 diabetes. Being overweight and obese are
critical predictors of diabetes mellitus.7 Weight loss with increased
physical activity has been shown to reduce the incidence of
diabetes mellitus.8–10 Calorie restriction seems to have metabolic
benefits over and above the benefits of weight loss.11 Bariatric
surgery has been shown to improve insulin sensitivity and β-cell
function in people with type 2 diabetes mellitus, the latter depending
on the initial degree of β-cell dysfunction.12

Intestinal hormones, especially GLP-1 and peptide YY (PYY)
concentrations have been shown to increase after bariatric
procedures.13,14 These may have a significant positive effect on
glucose metabolism.15

Should we recommend bariatric surgery to all patients with
type 2 diabetes?

No. While these initial studies are no doubt very promising, we do
not have long-term data establishing the safety and efficacy of
these procedures. Routine care of diabetes is evolving rapidly. It
is conceivable that bariatric procedures may have a role in the
management of type 2 diabetes and severe obesity. However,
there is no evidence that such a measure will prevent microvascular
complications of diabetes, prevent cardiovascular events, prevent
amputations or prolong healthy life. Whether metabolic
improvements seen after surgery are durable also needs to be
established. In the long-term Swedish Obese Subjects (SOS)
study, the rate of recovery from diabetes at the end of 2 years was
72%, but had declined to 36% at the end of 10 years, and
improvements in dyslipidaemia were not significant at this time

TABLE I. Comparison of the two studies

Authors Schauer et al. Mingrone et al.

Inclusion criteria
Age (years) 20–60 30–65

BMI (kg/m2) 27–43 >35

Diabetes Diagnosis of type 2 diabetes with HbA1C >7% Diabetes for >5 years with HbA1C >7.5%

n (completed) 50 (41) 50 (50) 50 (49) 20 (18) 20 (19) 20 (19)

Intervention Intensive medical Gastric bypass Sleeve gastrectomy Conventional Biliopancreatic Gastric bypass
therapy alone medical therapy diversion
TLC+metformin ± 15–20 ml gastric 75%–80% gastric TLC+oral agents ~300 ml gastric <30 ml gastric
TZD±GLP-1 pouch, 150 cm volume reduction and insulin pouch, 250 cm pouch, 100 cm Roux
analogue±glargine± Roux limb, 50 cm optimized for Roux limb, 50 cm limb, 75 cm
aspart/lispro with a biliopancreatic limb HbA1C <7% common channel biliopancreatic limb
goal HbA1C <6.0%

Primary end-point Proportion of people with HbA1C <6% at 12 months Remission of type 2 diabetes (glucose <100 mg/dl and HbA1C
<6.5% for 1 year or more without active pharmacotherapy)

Secondary end-points Fasting plasma glucose, insulin, lipids, hs-CRP, HOMA-IR, Changes in fasting plasma glucose, HbA1C, weight, waist
weight loss, blood pressure, adverse events, coexisting illnesses circumference, blood pressure and cholesterol
and changes in medications

Follow-up (years) 1 2

Baseline
Duration of diabetes 8.9 (5.8) 8.2 (5.5) 8.5 (4.8) 6.1 (1.2) 6.0 (1.3) 6.0 (1.2)

(years)*

Age (years)* 49.7 (7.4) 48.3 (8.4) 47.9 (8.0) 43.5 (7.3) 42.8 (8.1) 43.9 (7.6)

Female sex (%) 31 (62) 29 (58) 39 (78) 10 (50) 10 (50) 12 (60)

BMI (kg/m2)* 36.8 (3.0) 37.0 (3.3) 36.2 (3.9) 45.6 (6.2) 45.1 (7.8) 44.9 (5.2)

Body weight (kg)* 106.5 (14.7) 106.7 (14.8) 100.8 (16.4) 136.4 (21.9) 137.9 (30.4) 129.84 (22.6)

Results
Weight change (kg)* –5.4 (8.0) –29.4 (8.9) –25.1 (8.5) –4.7 (6.4) –33.8 (10.2) –33.3 (7.9)

Primary end-point 5 21 15 0 15 19
met (n)

Adverse effects 4 hospitalizations; 11 hospitalizations; 4 hospitalizations; 2 persistent 1 hernia; 4 iron 1 intestinal
(no deaths reported) 35 hypoglycaemic 3 reoperations; 1 reoperation; diarrhoea with deficiency anaemia; obstruction; 2 iron

episodes; 7 28 hypoglycaemic 39 hypoglycaemic metformin 1 hypoalbuminaemia; deficiency anaemia;
developed anaemia episodes; 12 episodes; 12 1 osteopenia 1 hypoalbuminaemia;

developed anaemia developed anaemia 1 osteoporosis

* Values are mean (SD)  BMI body mass index  TLC therapeutic lifestyle changes  TZD thiazolidinediones  GLP glucagon-like peptide
hs-CRP high sensitivity C-reactive protein  HOMA-IR homeostatic model assessment for insulin resistance
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point.4 Long-term follow-up of patients undergoing these
procedures is critical. Bariatric procedures also carry substantial
risks.16 These include perioperative complications (including
~1% mortality, which may be higher without the obvious
publication bias), a 15%–30% need for reoperation, dumping
syndrome and postprandial hypoglycaemia, decline in bone density
and osteoporosis, cholelithiasis and urolithiasis, and nutritional
deficiencies. Medical management of patients with dumping
syndrome and hypoglycaemia is challenging. Some patients find
it almost impossible to maintain fluid, electrolyte and micronutrient
balance. One has to see only a few of these patients repeatedly
arriving in emergency rooms to understand their plight.

We have been through this before. We have had drugs that
improve lipids, i.e. reduce total and LDL cholesterol and/or
improve HDL cholesterol while increasing mortality, such as
oestrogens17,18 and HDL cholesterol raising drugs (muraglitazar19).
We have had drugs that improve bone density but increase
fracture rates, such as fluoride.20 It is also not clear at this time
which patients would benefit most from surgery. Only a minority
of people with type 2 diabetes develop classical microvascular
complications. About 50%–75% of people with type 2 diabetes
neither develop renal failure nor vision-threatening retinopathy.
On the other hand, older patients with a high burden of comorbid
conditions have been shown to derive no mortality benefit from
bariatric surgery.21 Patients should be helped to decide about the
bariatric procedure to treat diabetes in light of their risks from
diabetes, surgical risks and long-term risks weighed against the
benefits of the procedure.

The temptation to proceed with surgery for diabetes is
understandable. Diabetes management is not easy. A lifetime of
dietary and lifestyle restrictions, blood glucose monitoring,
medications with complicated regimens and serious side-effects,
and direct and indirect costs of management of diabetes are a few
of the obvious hurdles. However, it must be realized that
management after a bariatric procedure is also a lifetime
commitment. This also requires dietary and lifestyle restrictions,
a lifetime of supplements and medications with complicated
regimens and serious side-effects, and direct and indirect cost of
clinical management. It would be prudent to await the results on
hard end-points from long-term studies before recommending
drastic surgical procedures for an increasingly common medical
disorder. Till such data are available, it would be best to offer
surgery only to obese patients with significant metabolic
complications not adequately controlled by medications. The role
of surgery early in the course of disease, or in elderly subjects with
poor surgical risk, needs further evaluation. It may be time to start
sharpening the knife, but not yet time to throw away the pills or
needles.
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