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ABSTRACT: CONTEXT: Individuals with morbid obesity and type 2 diabetes benefit from
weight loss, as this allows better glycemic control and modifies the coexisting risk factors for
coronary heart disease, namely hypertension, dyslipidemia, insulin resistance, sleep apnea, and
other comorbidities that constitute the metabolic syndrome. AIMS: The purpose of the present
study was to investigate whether weight loss after bariatric surgery can correct glycemic
control and reduces the need of anti-diabetic treatment in morbidly obese patients with type 2
diabetes. SETTINGS AND DESIGN: This is a prospective cohort study performed in Sri
Aurobindo Medical College & PG Institute, Indore. Sampling done was nonrandom and
purposive. METHODS AND MATERIAL: Forty patients with body mass index (BMI) > 35 and
had known type 2 diabetes were enrolled in study, all these patient undergone bariatric surgery.
Their obesity status in terms of height, weight and BMI, Glycemic status in terms of fasting
blood sugar (FBS), postprandial blood sugar (PPBS) and glycosylated haemoglobin (HbA1c),
and treatment status in terms of oral hypoglycemic agents and insulin were noted in details
preoperatively Statistical analysis used: Quantitative variables were tested using Chi square test
and p values were calculated between two groups. p value of ≤ 0.05 was considered statistically
significant. Averages were expressed between groups as mean ± standard deviation or
percentage. RESULTS: Our study shows good control of glycemic status after bariatric surgery
with mean HbA1c within desired level after 6 months of bariatric surgery. CONCLUSIONS: In
conclusion, our study shows that bariatric surgery is an effective option for morbidly obese
patients with type 2 diabetes mellitus. Weight loss due to surgery is strongly associated with
good glycemic control and improved treatment efficacy.
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INTRODUCTION: Epidemiological studies have shown that obesity is a significant risk factor for
type 2 diabetes and that 41% of morbidly obese patients have abnormal glycemic control.(1)
Insulin resistance is more pronounced in obese subjects with type 2 diabetes.(2,3) It has been
shown that progression from normal to impaired glucose tolerance and diabetes is associated
with a reduction in insulin sensitivity and a progressive decrease of the acute insulin response
to glucose, which is lost at the onset of diabetes.(4,5) Moderate weight loss following a low caloric
diet can improve insulin action and secretion, but the effect is rather weak.(6) Metabolic control
has been shown to improve the defect of early insulin response only minimally or partially.(7,8)
Individuals with morbid obesity and type 2 diabetes benefit from weight loss, as this allows
better glycemic control and modifies the coexisting risk factors for coronary heart disease,
namely hypertension, dyslipidemia, insulin resistance, sleep apnea, and other comorbidities
that constitute the metabolic syndrome (9) Although weight loss can be achieved by low-calorie
diet, exercise, behaviour modification, and medical treatment, late weight gain has been an
almost universal problem. Conversely bariatric surgeries maintains a weight loss of 33% of
body weight for >10 years, a result associated with normalization of glucose levels in most
patients with impaired glucose tolerance and type 2 diabetes.(10) It also normalizes insulin
action and secretion in normal glucose tolerant subjects with morbid obesity.(11,12) To our
knowledge, there are no other anti-diabetic therapies that can produce such effective and longterm glycemic control.
The purpose of the present study was to investigate whether weight loss after bariatric
surgery can correct glycemic control and reduces the need of anti-diabetic treatment in
morbidly obese patients with type 2 diabetes.
SUBJECTS AND METHODS: This is a prospective cohort study performed in Sri Aurobindo
Medical College & PG Institute, Indore. Sampling done was nonrandom and purposive. Study
was performed after consent from subjects and approval of ethical committee, the data’s was
kept anonymous. Forty patients with BMI > 35 and had known type 2 diabetes were enrolled in
study. All these patient undergone bariatric surgery (sleeve gastrectomy) after proper
preanesthetic evaluation. Their obesity status in terms of height, weight and BMI, Glycemic
status in terms of FBS, PPBS and HbA1c, and treatment status in terms of oral hypoglycemic
agents and insulin were noted in details preoperatively.
Patients were then discharged and advised to strictly follow dietary advices and to
frequently follow endocrinologists. The patients were then followed after three months and six
months respectively. The obesity, glycemic and treatment status were again noted in detail on
both occasions. Any chronic complications of diabetes mellitus if developed were also noted.
Inclusion criteria:
• Adult patient with known type 2 diabetes mellitus
• Obese with BMI > 35 kg/m2
• Subject undergoing bariatric surgery
Exclusion criteria:
• BMI < 35 kg /m2
• Patients with known chronic complications of diabetes mellitus 2
• Patients who developed chronic complication of diabetes mellitus 2 during follow up
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RESULTS: The mean body weight which was recorded pre operatively was 111.95 + 46.2 (mean
+ 2 SD). All the 40 patients shows significant weight reduction after 3 months surgery during
follow up the mean body weight of subjects were 99.2 + 33.8 with reduction of 12.75 kg (p <
0.006) and after 6 months there is further mean weight reduction of 12.55 kg from that of at 3
months (p < 0.05) .In terms of BMI, the mean BMI of subjects at initial study was 44.42 + 14.54
which shows a substantial reduction of 6.52 mean value when patients were followed up after 3
months (p < 0.003) there is mean reduction of 5.36 after 3 months of first follow up (p <
0.003).(Figure.1) Most of the patients show uncontrolled glycemic status preoperatively even
they are on anti-diabetic treatment, patients are advised to follow up regularly for better control
and treatment of their diabetes and glucose status respectively. The mean value of HbA1c at the
initiation of study was 6.825% which shows a good response with reduction of 0.55 of mean
value (p = 0.003) after 3 months and the value further reduces 0.415 after next 3 months (p <
0.009). (Figure.2) The FBS and PPBS of patients were noted, the mean FBS and PPBS
preoperatively was 128 + 34 and 196.35 + 55 respectively which shows poor control of
diabetes. FBS mean value reduced to 102.15 + 21 and 95.4 + 14 at 3 and 6 months follow up (p <
0.009) respectively. PPBS mean values also reduced to 138.08 + 27.4 (p < 0.001) after 3 months
and 128.85 + 16.66 (p= 0.20) at 6 months. The PPBS values at 6 months did not reach any
statistically significant value; else FBS and PPBS shows reduction in mean values during follow
up.
Out of 40 patients, 14 patients were on oral hypoglycemic agents (OHA) and 26 were on
insulin in different doses. Out of 14 patients who were on OHA, 4 were on triple drug therapy
(metformin + sulfonylurea + pioglitazone) and rest 10 patients were on double drugs
(metformin + sulfonylurea). After 3 months patients on triple drug therapy were put on two
drugs on the basis of their needs. Two patients required metformin only after 6 months while
other continued to be on two drugs (metformin + sulfonylurea). Out of 10 patients who were on
two drugs (metformin + sulfonylurea), 6 patients weaned off from drugs after 6 months and are
advised on life style modification only. Out of remaining 4 patients, 2 patients were put on
metformin only after 6 months and the two were put on same two drug regime but with
reduced dose.
Out of 26 patients who were taking insulin, 6 were on human premix insulin. Mean
insulin demand decreased by 18 units in these patients 3 months after bariatric surgery and by
10 units in next three months. In remaining 20 patients, 12 were on detemir and aspart
combination (long acting + ultra-short acting) and 8 were on detemir and regular insulin
combination (long acting + short acting). Out of 12 patients who were on detemir and aspart
insulin combination, 2 patients were switched over to detemir plus OHA combination. Insulin
demand decreased in remaining 10 patients, mean decrease of 13.2 units aspart insulin noted in
six months in which mean reduction of 6 units occurs in first 3 months and of 7.2 units in next 3
months. Out of 8 patients who were on detemir and regular insulin combination, 2 patients
were switched to OHA and remaining 6 patients showed improvement in their insulin need as
there is reduction of mean 16 units of regular insulin after 6 months of operation. Out of 20
patients who were on detemir along with short acting insulin 6 patients were kept on same
dose, while other shows reduction in dose of detemir also, there is mean reduction of 4 units of
detemir in 6 months. (Figure.3)
DISCUSSION: The procedure bariatric surgery was successful in all patients, and weight
reduction was impressive, although the patients were still obese 6 months after the operation,
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with an average BMI ~ 30 kg/m2. In our study we found that patients showed marked
improvement in their diabetic status. While 3 patients showed complete remission of diabetes
mellitus, others also show significant decrease in their insulin or OHA demand.
A systematic review and meta-analysis of the English literature reported complete
resolution of type 2 diabetes (defined as discontinuation of all diabetes-related medications and
blood glucose levels within the normal range) in 78.1% of cases. This percentage increased to
86.6% when counting patients reporting improvement of glycemic control, and diabetes
resolution occurred in concomitance with an average weight loss of 38.5 kg (55.9% of the
excess weight).(13)
Two large case-series studies, by Pories et al.(14) (330 patients) and Schauer et al.(15),
focused principally on diabetes outcomes after bariatric surgery. In the former study, mean FBG
decreased from clearly diabetic values to near normal levels (117 mg%), and HbA1c fell to
normal levels (6.6%) without diabetes medicines in 89% of patients. In the latest study by
Schauer et al., researchers provided the in-depth evaluation of the clinical outcome in 240
diabetic morbidly obese bariatric patients with a follow-up rate of 80%. The authors noted that
after surgery, weight and BMI decreased from 308 lbs and 50.1 kg/m2 to 211 lbs and 34 kg/m2
for a mean weight loss of 97 lbs and mean excess weight loss of 60%. Fasting plasma glucose
and HbA1c concentrations returned to normal levels (in 83%) or markedly improved (in 17%) in
all patients. A significant reduction in use of oral antidiabetic agents (80%) and insulin (79%)
followed surgical treatment. Patients with the shortest duration (<5 years), the mildest form of
type 2 diabetes (diet controlled), and the greatest weight loss after surgery were most likely to
achieve complete resolution of type 2 diabetes.
Two prospective, controlled studies have addressed changes in glycemic control after
bariatric surgery. The multicenter Swedish Obese Subjects (SOS) study compared bariatric
surgery with medical weight-loss treatment in well-matched obese patients.(16) Bariatric
surgery caused an average 16.1% weight loss at 10 years, compared with a small weight gain in
control subjects. Mean FBG tended to increase during the study in nonsurgical controls (+18.7%
at 10 years), whereas a substantial decrease was seen in surgical patients at 2 years (−13.6%)
and 10 years (−2.5%). The risk of developing diabetes was more than three times lower for
surgically treated patients at 10 years, and recovery rates from diabetes were three times
greater. Dixon et al.(17) reported a randomized controlled trial comparing bariatric surgery to
conventional type 2 diabetes management in subjects with BMI 30– 40 kg/m2 who had early (<2
years duration) and relatively mild diabetes. Bariatric surgery promoted significantly larger
reductions in FBG, HbA1c, and diabetes medication usage. Scopinaro et al. (18) showed a stunning
97% euglycemia in 268 diabetic patients at 10 years after surgery.
There is now enough evidence to state that bariatric surgery may reduce mortality in
patients with diabetes. In the analysis by Adams et al.(19), deaths attributed to diabetes were
reduced by 92%. Thus, there can be little doubt that in very obese patients with type 2 diabetes,
bariatric surgery in general is a highly effective means of treating type 2 diabetes.
We closely observe that patient who shows remission are those who had shorter duration of
diabetes mellitus and had significant amount of weight loss postoperatively, also all the patients
with comparatively more weight loss and shorter duration of diabetes mellitus shows more
reduction in their insulin demands.
CONCLUSION: Our study shows that bariatric surgery is an effective option for severely obese
patients with type 2 diabetes mellitus and weight loss due to surgery is strongly associated with
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good glycemic control and improved treatment efficacy. Our study also supports the concept
that insulin resistance is major determinant during initial and early years of type 2 diabetes
mellitus and due to weight loss their occurs the improvement in insulin sensitivity which results
in remission to patients in initial years of type 2 diabetes mellitus.
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Figure.1:
1: Weight and BMI changes preoperatively, 3 months and 6 months after bariatric
surgery
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Figure.2: HbA1c level preoperatively, 3 months and 6 months after bariatric surgery
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Figure.3: Mean Insulin dose preoperatively, 3 months and 6 months after bariatric
surgery
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