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Abstract

Background: Our objective was to evaluate the long-term results of laparoscopic Roux-en-Y
gastric bypass on excess weight loss, remission of the metabolic syndrome, and complications in
Indian patients with uncontrolled type 2 diabetes mellitus (T2DM) with a body mass index of 30 –35
kg/m2. The setting was a corporate hospital in Mumbai, India.
Methods: The present prospective observational study was begun in January 2006. A total of 52
patients with uncontrolled T2DM and a body mass index of 30 –35 kg/m2 elected to undergo
laparoscopic Roux-en-Y gastric bypass. The duration of T2DM was 3.5–14.5 years (median 8.4). Of
the 52 patients, 61.5% had hypertension and 59.6% had dyslipidemia. Remission of T2DM and
other components of the metabolic syndrome were assessed. All patients were followed up for 5
years.
Results: The median percentage of excess weight loss was 72.2% at 1 year and 67.8% at 5 years.
Of the 52 patients, 84.6% had achieved euglycemia and 73.1% had achieved complete remission,
23.1% partial remission, and 3.84% no remission at 1 year. Weight regain occurred in 8 patients.
They required antihypertensive drugs and statins, decreasing the complete remission rate to 57.7%
and partial remission rate to 38.5% at 5 years. However, 96.2% improvement in metabolic status was
found at the end of 5 years.
Conclusion: Laparoscopic Roux-en-Y gastric bypass is a safe, efficacious, and cost-effective
treatment for uncontrolled T2DM in patients with a body mass index of 30 –35 kg/m2. Early-onset
T2DM, better weight loss, and greater C-peptide levels were predictors of success after surgery. The
improvement after surgery in hyperglycemia, hypertension, and dyslipidemia could help in controlling the occurrence of micro- and macrovascular complications and decrease the morbidity and
mortality associated with T2DM. (Surg Obes Relat Dis 2013;9:370 –378.) © 2013 American Society
for Metabolic and Bariatric Surgery. All rights reserved.
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India is the second most populous country in the world
after China. Its large labor force has been principally responsible for realizing the great Indian dream and sustaining
its growth, even during 1 of the greatest economic slowdowns in human history. With the newfound affluence,
increasing urbanization, and a population that has crossed
the 1 billion mark, the greatest challenge that India faces
today is the steep increase in noncommunicable diseases,
especially type 2 diabetes mellitus (T2DM) and obesity.
The high incidence of T2DM among Asians can be
attributed to greater adiposity levels and presence of the
“thrifty” gene that has become a curse in these times of
surplus [1]. Some aspects of maternal nutritional intake
during pregnancy, along with low birth weights of the newborns, can lead to an increased predisposition for developing insulin resistance, even as early as 8 years of age [2]. It
is widely known that the risk of the metabolic syndrome in
Asians starts at relatively lower body mass index (BMI)
levels (22–23 kg/m2) [3]. Hence, one can deduce that
Asians develop T2DM with a lesser degrees of obesity, at
younger ages, and experience complications longer.
Recent results from Screening India’s Twin Epidemic
study revealed that 34.7% of all patients screened had
T2DM and 20% had both T2DM and hypertension [4]. It
has also been projected that by 2030, one third of the
world’s diabetic burden will be living in India and China
[5]. When we include the numbers of those who are prediabetic and those with hitherto undiagnosed diabetes, it is
obvious that the Asian growth story is bound to be greatly
affected by this looming epidemic of T2DM.
Does Asia have the resources to tackle this epidemic?
The current treatment modalities for T2DM are ineffective in achieving good glycemic control in most patients.
The American Diabetes Association (ADA) has recommended that the goal of therapy should be a glycosylated
hemoglobin (HbA1c) level of ⬍7%. Levels consistently
⬎7% warrant re-evaluation and a change in the treatment
regimen [6].
Lifestyle modification and medication remain the mainstays of therapy for the control of T2DM; however, the
goals of T2DM remission or control are difficult to achieve.
A review of data from the Third National Health and Nutrition Examination Survey and 1999 –2000 National Health
and Nutrition Examination Survey conducted on the U.S.
population revealed that of all the patients reviewed, only
7.3% of adults with T2DM could achieve the ADA recommended goal of HbA1c ⬍7% [7].
There has been a great impetus in research for a cure of
T2DM. Despite the infusion of millions of dollars worldwide, researchers have failed to find the answer that could
stall the progression of this disease and decrease the burden
of the micro and macrovascular complications associated
with T2DM.
Over the years, strong evidence of improvement in
T2DM and impaired glucose tolerance in obese patients
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with diabetes (BMI ⬎35 kg/m2) has been achieved with all
types of bariatric surgery [8]. In the long term, all-cause
mortality has been shown to decrease by 40% and diseasespecific mortality by 92% after surgery [9]. Bariatric surgery was recognized as an effective treatment option for
obese patients with T2DM by the ADA as recently as 2009
[10]. Even a recent position statement by the International
Diabetes Federation has endorsed the use of bariatric surgery as a treatment option for obese patients with T2DM
uncontrolled by medication [11].
During the past few years, some expert consensus summits have been held, including the Diabetes Surgery Summit, the Asian Consensus Meeting on Metabolic Surgery,
and the Asian Diabetes Surgery Summit. All these meetings
were held with the aim of discussing whether the National
Institutes of Health guidelines for bariatric surgery were
relevant for patients with T2DM and a lower BMI. It is well
known that the BMI alone is an imperfect measure of
obesity, especially amongst Asians. In 2008, the Asian
Consensus Meeting on Metabolic Surgery guidelines included waist circumference and the other features of the
metabolic syndrome in conjunction with BMI as the qualifying criteria for surgery for Asian patients with T2DM and
lower BMIs [12,13]. The recent International Diabetes Federation guidelines have also decreased the cutoff for BMI by
2.5 for Asians with T2DM [11].
Our study included Indian patients with uncontrolled
T2DM and a BMI of 30 –35 kg/m2. These patients underwent laparoscopic Roux-en-Y gastric bypass (LRYGB) with
the aim of evaluating the long-term results in terms of
excess weight loss (EWL), remission rates of T2DM, and
complication rates. The main objective was to assess
whether the results seen in those with a BMI ⬎35 kg/m2
would be equally promising in those in the lower BMI range
of 30 –35 kg/m2, and whether these results would be sustained during a 5-year period.
Methods
The present study was a prospective observational study.
It was performed at the Centre for Obesity and Diabetes
Surgery, Saifee Hospital (Mumbai, India). The hospital review board approved the study, which was conducted in
conformance with the Helsinki Declaration.
The study began January 2006. Fifty-two patients with a
BMI of 30 –35 kg/m2 and T2DM that was uncontrolled with
the best medical management and lifestyle modifications
available at that point were enrolled. These patients elected
to undergo LRYGB. All patients provided written informed
consent before surgery.
Demographic features
The study group included 27 male and 25 female patients, with a median weight of 85.6 kg (range 75–115) and
a median BMI of 32.6 kg/m2 (range 30 –35). The median
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waist circumference was 102 cm (range 86 –126). The median hip circumference was 110 cm (range 90 –140). The
median age was 49 years (range 20 – 65). The T2DM duration was 3.5–14.5 years (median 8.4). Of the 52 patients, 46
required insulin (20 –240 U/d, median 84). These 46 patients were also taking ⱖ1 oral hypoglycemic agent; 6
patients were taking only oral hypoglycemic agents (1–3
drugs).
Of the 52 patients, 61.5% had hypertension and required
1–3 antihypertensive drugs; 59.6% had dyslipidemia and
were taking statins. The other associated co-morbidities
were hyperuricemia in 34.6%, cholelithiasis in 3.8%, obstructive sleep apnea in 5.76%, gastroesophageal reflux disease in 3.8%, joint pain in 9.6%, and depression in 3.8%.
All patients underwent a series of consultations with the
surgeon, endocrinologist, and nutritionist and a mandatory
consultation with a clinical psychologist. The procedure
was discussed extensively with all patients, and eligibility
for inclusion in the study was determined by the following
criteria: uncontrolled T2DM despite currently accepted diet,
exercise, and pharmacologic interventions and a HbA1c
persistently ⬎7%; a history of T2DM for a minimum of 2
years; age 18 – 65 years; and BMI 30 –35 kg/m2. The exclusion criteria were as follows: type 1 DM; T2DM duration
⬎15 years; fasting C-peptide level ⬍1; the presence of end
organ damage, such as diabetic retinopathy, diabetic nephropathy, neuropathy, peripheral gangrene; chronic smoking; and an inability to take lifelong nutritional supplements.
An extensive preoperative evaluation was done for all
patients. This included fasting and postprandial blood glucose levels, fasting and postprandial serum insulin levels,
HbA1c levels, fasting C-peptide levels, glutamic acid decarboxylase autoantibodies, lipid profile, and urine for microalbuminuria, in addition to other routine tests. In patients
with signs of early nephropathy, additional evaluation was
done using 24-hour urinary albumin levels and urine creatinine clearance. All patients underwent routine preoperative
blood pressure monitoring and a fundoscopic examination
of the retina. Preoperative nutritional parameters such as
iron, folic acid, vitamin B12, and calcium were also assessed. All patients were instructed to consume a strict
low-calorie liquid diet for 7 days preoperatively and were
given low-molecular-weight heparin 12 hours before surgery. Stockings and sequential compression devices were
used for all patients intraoperatively for prophylaxis against
deep vein thrombosis.
The diagnosis of T2DM was according to the ADA
criteria. Hypertension was diagnosed if the patient had a
history of hypertension or was taking medications for the
same or had a resting recumbent blood pressure of ⬎130/80
mm Hg on 2 separate occasions.
The ADA criteria for T2DM remission were used. These
included fasting blood glucose ⬍120 mg/dL, postprandial
blood glucose ⬍140 mg/dL, HbA1c ⬍7%, low-density lipo-

protein ⬍100 mg/dL, high-density lipoprotein ⬎40 mg/dL in
men and ⬎50 mg/dL in women, triglycerides ⬍150 mg/dL,
and blood pressure of 130/80 mm Hg.
Normoglycemia was defined as the achievement of normal fasting and postprandial blood glucose levels with
HbA1c ⬍7%. Complete remission after surgery was defined
as the achievement of the ADA criteria without any medication for a continuous minimum period of 6 months. Partial
remission was defined as the achievement of these results
but with some medication required. No remission was defined as the nonachievement or the worsening of these
parameters of control despite medication. The %EWL was
used as a measure of EWL. Weight regain was defined as
the percentage of weight regained from the nadir of the
%EWL.
A complication was defined as the occurrence of an
unexpected medical event that deviated from the standard
pathway. Immediate complications were defined as those
within 3 days of surgery, early complications were defined
as those within 3 weeks, and late complications as those
occurring after 3 weeks. A major complication was identified as an event that required hospitalization and interventional management and a minor complication as one that did
not.
Surgical technique
Standard-limb anticolic and antigastric LRYGB was performed for all patients using a 6-port technique. The biliopancreatic limb length was taken as 50 cm from the duodenojejunal junction. The alimentary limb length was 250
cm. A side-to-side jejunojejunostomy was performed. The
mesenteric defect was sutured in all cases. A 30 –50-cm3
vertical gastric pouch was created, followed by an end-toside gastrojejunal anastomosis using a 25-mm circular stapler with an Orvil (Covidien). Underwater gastroscopy was
performed on the operating table in all cases.
Postoperative course
All patients were kept nil per oral for the day of the
surgery. An oral contrast study was performed the day after
surgery, after which the patients began to consume clear
liquids and were subsequently discharged from the hospital
that evening. Patients were instructed to continue oral liquids for the first 15 days postoperatively, followed by semisolids for the next 15 days. A solid diet was begun 1 month
after surgery. All patients were given low-molecular-weight
heparin for 5 days after surgery and were prescribed iron,
multivitamin, and calcium supplements beginning 15 days
postoperatively. Follow-up examinations were done by our
multidisciplinary team at 7 days, 1, 3, 6, and 12 months
postoperatively, and annually thereafter. The medications
for T2DM, hypertension, and dyslipidemia were maintained
and tapered off as required.
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Statistical analysis
The median was preferred over the mean for statistical
analysis in the present study because of a few outliers. To
depict the effect across the study period, some quantitative
laboratory variables, such as the fasting blood glucose and
postprandial blood glucose, required log transformation before parametric analysis. The Pearson product-moment correlation was used as a measure of correlation. P ⱕ .05 was
considered statistically significant.

Results
All the procedures were completed laparoscopically. The
median operating time was 75.6 minutes (range 55–125).
The median intraoperative blood loss was 52.5 mL (range
34 – 85). No intraoperative complications were seen. The
median hospital stay was 48 hours (range 36 –72).
Complications
Early complications occurred in 3.8% of patients and
mainly consisted of seromas and nausea. No major surgical
complications developed in the postoperative period. No
delayed complications, such as anastomotic stricture, ulcer,
internal herniation, or nutritional deficiencies, were seen in
our study group during the 5-year period. No significant
dumping was reported by any patient. There was no mortality in the study group.
Excess weight loss
A median %EWL of 72.2% (range 66 –92%) was reported at the end of 1 year. However, 8 of these 52 patients
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had some degree of weight regain, to a maximum of 20% of
the %EWL. Thus, the median %EWL was 67.8% (range
48 – 88%) at the end of 5 years.
Remission of co-morbidities
The fasting and postprandial blood glucose levels
showed a steep downward trend and were reported near
normal at the end of the first month. The percentage of
reduction increased exponentially during the initial evaluation points and then plateaued to lie within the normal
range. To depict the effect across the study period, the log
of the period in days was chosen as the x axis against the
number of days (Figure 1).
At the end of 1 year, 84.6% of the patients had achieved
euglycemia without medication. Using the ADA criteria,
73.1% had achieved complete remission and no longer required medication for T2DM, hypertension, or dyslipidemia; 23.1% of patients had achieved partial remission.
These patients continued to require statins, antihypertensive
drugs, insulin, or oral hypoglycemic agents, as needed,
albeit at lower doses. Finally, 2 (3.8%) of the 52 patients
showed no remission and continued to require medication
with poor control. As seen in Figure 1, the blood glucose
levels were stable, even at the end of 5 years. No patient had
episodes of hypoglycemia in the postoperative period. No
hyperglycemia recurred in any of the patients with remission, despite weight regain; however, they did require medication, either antihypertensive agents or statins, or both, to
achieve the ADA acceptable levels for remission. Thus, the
rate of complete remission decreased to 57.7% and the
partial remission rate increased to 38.5% at the end of 5
years, with a similar overall improvement rate of 96.2% in
their metabolic status.

Fig. 1. Fasting blood glucose and postprandial blood glucose cumulative percentage of reduction from preoperative observation levels. A statistically
significant correlation was found between elapsed period and fasting blood glucose/postprandial blood glucose cumulative percentage of reduction [fasting
blood glucose, r(7) ⫽ .88, postprandial blood glucose, r(7) ⫽ .81; P ⬍ .05].
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Table 1
Depicts the reduction in biochemical parameters from the preoperative levels for the first 5 years after LRYGB
Biochemistry

Preoperatively

7d

1 mo

3 mo

6 mo

1 yr

2 yr

3 yr

4 yr

5 yr

Average blood glucose (mg/dL)
Fasting serum insulin (IU/mL)
Postprandial serum insulin (IU/mL)
Fasting C-peptide (ng/mL)
HbA1c (%)
Serum creatinine (mg/dL)
Total cholesterol (mg/dL)

286.4
68.2
114.4
3.2
8.8
1.1
206.3

145.6
28.4
42.6
—
—
—
—

132.6
26.3
36
—
7.5
—
174.7

121.7
16.4
26.7
2.6
6.2
0.9
152.6

102.4
12.5
16.5
2.4
5.8
0.8
138

108.6
14.3
17.5
1.8
5.3
0.9
135.7

104.2
12.5
18.4
2.2
5.6
0.9
134.6

106.1
13.8
19.2
2.1
5.9
0.9
136.1

110.4
11.6
18.7
1.9
5.6
1
142.5

108
11.9
19.4
1.8
5.8
0.9
140

LRYGB ⫽ laparoscopic Roux-en-Y gastric bypass; HbA1c ⫽ glycosylated hemoglobin.

The reduction in biochemical parameters from the preoperative levels for the first 5 years after LRYGB is listed in
Table 1.
Patients with a shorter T2DM duration of ⬍5 years
achieved the best results (100% complete remission), and
those with a duration of 5–10 years achieved complete
remission in 36.3% and partial remission in 63.6%. Those
with a T2DM duration ⬎10 years had no remission in 40%
and partial remission in 60%.
Patients with the best %EWL had the best chance of
complete remission. Patients with ⬎75% EWL had statistically significant greater remission rates than those with a
%EWL of ⬍50% (Fig. 2).
In terms of fasting C-peptide levels, those with levels ⬎6
exhibited 100% complete remission, those with C-peptide
levels of 3– 6 exhibited 73.8% remission, and those with
levels ⬍3 had 31% remission after surgery. The remission

rate in relation to the preoperative fasting C- peptide levels
is shown in Figure 3.
Hypertension was seen in 61.5% of these patients preoperatively, 25% of them continued to require antihypertensive drugs, albeit at lower dosages at the end of 1 year,
and 34.3% did so at the end of 5 years. This could also be
explained because some patients were ⬎50 years and might
have had some component of age-related hypertension.
Also, 59.6% of patients were taking statins in the preoperative period for dyslipidemia, and 26.6% of these patients
continued to need statins at 1 year postoperatively and
46.6% required statins after 5 years. Hyperuricemia, gastroesophageal reflux disease, sleep apnea, and joint pain had
resolved in all patients.
The change in low-density lipoprotein and high-density
lipoprotein levels from the preoperative observation levels
are shown in Figure 4. Low-density lipoprotein reached

Fig. 2. Remission of T2DM with relation to percentage of excess weight loss (%EWL).
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Fig. 3. Remission of T2DM with relation to preoperative fasting C (FC)peptide levels.

normal levels within (102) 100 days. High-density lipoprotein took about (101.7) 50 days to increase to normal levels.
To depict the effect across the period, the log of period in
days was chosen as the x axis against the number of days.
Discussion
The prevalence of T2DM is reaching epidemic proportions in Asia. Unlike the west, Asians are affected by T2DM
at a younger age and a lower BMI [14]. Asian patients
experience the disease longer and have a greater propensity
to develop long-term complications of T2DM, such as ret-
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inopathy, nephropathy, peripheral neuropathy, gangrene,
and cardiovascular events such as stroke or myocardial
infarction. Compounding the problem is the cost-effectiveness and compliance with long-term medical therapy. With
⬎50% of patients with T2DM having poor glycemic control
(HbA1c ⬎8%), uncontrolled hypertension, and dyslipidemia, T2DM care in India has a long way to go [15].
The total annual cost of the treatment of T2DM in India has
been estimated to be 14,517.42 Indian rupees (US$290.3) per
person [16]. The cost increases progressively, in accordance
with the increase in disease duration and the development of
complications. Endpoints, such as end-stage renal disease
necessitating hemodialysis or renal transplantation, can lead
to an 11-fold increase in the treatment cost. In a country in
which the government’s share of healthcare expenditure is
declining and the annual per capita income is as low as
US$1000, this definitely requires novel therapeutic options
with better compliance rates, that are cost-effective in the
long run, and have better remission rates.
Bariatric surgery has proved to be the more effective and
long-lasting option compared to medical therapy for the
treatment of morbid obesity (BMI ⱖ35 kg/m2) with related
co-morbidities, especially T2DM [17–20]. Cause-specific
mortality from T2DM has been reported to decrease after
bariatric surgery in the long term [8]. The Swedish Obese
Subject study in 2007 showed a lower mortality rate in the
operated group than in the control group. It also showed that
the remission of T2DM was 32 times better in the surgical
group [20]. Surgery, with a 1-time cost of US$7000 –10,000
in India, has been found to be the more economic option in

Fig. 4. Change in low-density lipoprotein (LDL) and high-density lipoprotein (HDL) levels from preoperative observation. Statistically significant negative
correlation seen between elapsed period and HDL cumulative percentage of reduction [gain; r(7) ⫽ .80, P ⬍ .05]. Statistically significant correlation
demonstrated between elapsed period and LDL cumulative percentage of reduction [r(7) ⫽ .92, P ⬍ .05].
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the long term compared with the recurring annual cost of
medical treatment. The projected long-term expenditure,
including the expense of possible complications of T2DM,
has made surgery an economical option, even with the
recurring cost of supplements.
Another advantage of surgery is that it diminishes the
“compliance” factor to a very large extent. Nonadherence to
treatment regimes is the greatest problem with medical
treatment. Studies have shown that only about 53– 67%
patients adhere to medical treatment [21,22]. Compliance
decreases further with an increasing pill count [23]. Noncompliance is not only frustrating to the healthcare providers, but also proves to be a guaranteed harbinger of longterm complications. Surgery, in turn, is not entirely
dependent on factors such as patient adherence to medical
treatment or compliance with diet and exercise regimens
and hence has had better outcomes in the long term.
The present study was begun in January 2006. LRYGB
was our choice of procedure because it had proven longterm results in terms of T2DM remission (83.7%) in the
obese population with a BMI ⬎35 kg/m2 that were better
than those with adjustable gastric banding [8]. Although
better remission rates of ⱕ98% have been reported for
T2DM after biliopancreatic diversion and duodenal switch,
we did not offer these procedures to our patients with a
lower BMI. Indians are predominantly a vegetarian population and fail to meet the nutritional demands of severely
malabsorptive surgeries such as these. Sleeve gastrectomy,
which has become popular in Asia, was considered a novel
procedure back in 2006, and the long-term results were
lacking at that point in time.
Fasting C-peptide levels were used as a surrogate marker
of pancreatic function in the present study. Although type 1
DM is associated with markedly decreased ␤-cell function,
T2DM is also associated with deterioration of pancreatic
function over a prolonged period. Fasting C-peptide screening combined with glutamic acid decarboxylase autoantibody screening has been proposed to identify those patients
who have compromised ␤-cell function secondary to a protracted disease process [24]. We acknowledge that clamp
studies that measure the acute insulin response are better in
this regard, but these are too cumbersome and expensive to
use routinely.
We believe that the duration of T2DM, percentage of
excess weight loss, and status of pancreatic function as
judged by the C-peptide levels are the main indicators for
predicting outcomes after surgery. In our study, patients
with a shorter duration of T2DM (⬍5 yr), percentage of
excess weight loss ⬎75%, and fasting C-peptide level ⬎6,
showed the best results in terms of complete remission of
T2DM. Patients with a longer history of T2DM, percentage
of excess weight loss ⬍50%, and with a compromised
pancreatic reserve, as indicated by a lower fasting C-peptide
level experienced partial or no remission. This is in accordance with the existing evidence for patients with a BMI

⬎35 kg/m2 suggesting that patients with recent-onset
T2DM experience greater remission rates [18]. Therefore, surgery as a treatment option for uncontrolled
T2DM must not be deemed as a last resort and should be
introduced early in the disease spectrum to achieve the
best outcomes.
In our study, 84.6% patients had achieved euglycemic levels by the end of 1 year without any medications. As per the
ADA criteria, complete remission was reported in 73.1%
patients, and 23.1% experienced partial remission with decrease in drug dosages. In all, 96.2% of patients showed
marked improvement in their diabetic status at 1 year. Cohen et al. [25] reported 97% remission at 2 years in 37
patients with a mean baseline BMI of 32.5 kg/m2. Among
the Asian studies, Shah et al. [26] performed LRYGB on a
group of 15 patients with a BMI of 22–35 kg/m2. They
reported 100% remission of T2DM at a follow-up of 9
months. Lee et al. [27] demonstrated the efficacy of minigastric bypass in a Taiwanese population in 2008. At the
end of 1 year, 76.5% of their patients had experienced
remission of T2DM [27]. In a recent review of studies of
diabetic patients with a BMI ⬍35 kg/m2, 97.7% remission
of T2DM was reported in 5 studies that had treated T2DM
with malabsorptive/restrictive procedures [28].
Hypoglycemia and weight gain are known concerns after
intensive medical management, as shown by the UK Prospective Diabetes Study [29] and the Action to Control
Cardiovascular Risk in Diabetes Study Group trial [30]. The
Action to Control Cardiovascular Risk in Diabetes Study
Group trial showed that escalating intensive medical therapy targeted at lowering the HbA1c levels to normal values
led to increased mortality. Because of these findings, the
trial was terminated 17 months early [30]. In our study,
none of the patients reported hypoglycemia during the
5-year postoperative period. During the 5-year period,
weight regain, which was reported by 8 patients, did not
alter the overall remission rates of T2DM, although it did
alter the complete remission rate. Re-emergence of T2DM
has been reported by DiGiorgi et al. [31] at the end of 3
years in 24% of patients who underwent LRYGB for morbid obesity. Interestingly, despite the marginal weight regain, this phenomenon did not affect the control of the
glucose levels in our patients at the end of 5 years in this
BMI group. This implies that the results of surgery in the
lower BMI (30 –35 kg/m2) group might not be an exact
replica of those with morbid obesity, necessitating an obvious need for more research trials.
Because all these patients had uncontrolled T2DM before surgery, an improvement of 96.2% was significant. We
believe that in the treatment of T2DM, it is not sufficient to
achieve euglycemia alone as a measure of success after
surgery. Improvement in the total metabolic state (blood
glucose, lipid profile, and blood pressure) is imperative for
reducing the potential micro and macrovascular complications and cardiovascular risk.
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It is important to realize that complete remission, if
achieved, is ideal, but the morbidity and mortality associated with T2DM and its micro and macrovascular complications would also decrease significantly even if the patient
has partial remission as a result of LYRGB. ADA acceptable levels of control can be maintained with just an oral
hypoglycemic agent, a statin, or an antihypertensive drug.
In our study, no major complications or mortality occurred. At the end of 5 years, none of the patients reported
late complications secondary to surgery. The potential to
develop iron, vitamin, and calcium deficiencies remains a
concern. In our study, most patients presented with vitamin
B12, vitamin D3, and iron deficiencies preoperatively. These
deficiencies were corrected by our nutritionists and did not
worsen as a result of the surgery in the postoperative period.
This could be attributed to the stringent follow-up and
support provided by the nutritionists.
Evidence for the results of surgery in the group with a
BMI ⬍35 kg/m2 has been slow to materialize. To date 16
studies with a total of 343 diabetic patients have been
reported in the low-BMI group, with a mean follow-up of
26 months [28]. Procedures including gastric banding,
sleeve gastrectomy, minigastric bypass, roux-en-Y gastric bypass, biliopancreatic diversion, ileal transposition,
and duodenojejunal bypass have been tried in this group
of diabetic patients. However, only 1 randomized controlled trial has been reported in this BMI group that
compared the outcomes of T2DM remission between
adjustable gastric banding and best medical management
(24-mo follow-up period) [32]. However, most patients
in that study had a very short T2DM duration ⬍2 years,
that was the greatest limitation of this otherwise excellent
study. The strength of our study was the demonstration of
favorable results that were sustained for a 5-year period
in patients with longstanding T2DM.
Never before in the history of surgery has a procedure led
to so much debate and deliberation in the medical fraternity.
Currently, multiple randomized trials comparing surgery
and best medical treatment are ongoing.
It is imperative that we move beyond surgical one-upmanship and dispense with terminologies, such as “cure”
after surgery. There is a lot of room for circumspection, and
the ultimate goal must be to extend the real benefit of good
glycemic control to these patients. In the interest of patients
with T2DM, it is important to decrease long-term morbidity
and mortality associated with the disease. For this, we need
a combined approach in which surgery and medical treatment work together to achieve the best outcome. We require
pragmatic clinical studies with an integrated management
approach, rather than illogically trying to advocate for one
form of therapy over another, to decide which diabetic
patient will benefit from surgery and when it would be
optimum to refer the patient for surgery.
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Conclusion
LRYGB is a safe, efficacious, and cost-effective method
for remission or improvement of T2DM in patients with a
BMI of 30 –35 kg/m2 that are uncontrolled with current
medical therapy. The determinants for success could be
classified as clinical (a shorter duration of T2DM and better
weight loss after surgery) and biochemical (greater C-peptide levels).
Surgery leads to an overall improvement of the metabolic status of the patient. It not only achieves euglycemia,
but also controls blood pressure and lipid levels, decreasing
the overall risk of micro and macrovascular complications.
It also decreases the morbidity associated with T2DM,
which will eventually lead to lower cardiovascular risk and
decreased mortality rates long term.
An integrated management approach amongst endocrinologists, diabetologists, and surgeons would be the most
prudent method of treating this emerging epidemic of
T2DM in the developing world.
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