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Introduction
The prevalence of obesity is increasing 
worldwide such that one‑third and 20% 
of adults in some fully developed and 
developing countries such as Iran are obese, 
respectively.[1,2] Obese individuals are at the 
risk of type 2 diabetes (T2D), hypertension, 
osteoarthritis, and some cancers such as 
colorectal.[3,4] Severe obesity, as compared 
to the normal weight, is associated with a 
more than 8‑fold increased relative risk of 
diabetes.[5] As more than 60% of individuals 
with diabetes are obese, the combined 
treatment of obesity and T2D is currently 
considered a public health priority.[6]

In this regard, the statement presented by 
the U. S. National Institutes of Health in 
1991 expressed that all individuals with 
a BMI above 40  kg/m2 and those with 
a BMI between 40 and 35  kg/m2 with 
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Abstract
Background: Patient management after bariatric surgery is important in controlling patients’ diabetes 
and recurrence prevention. This study aimed to meet the medical managements of patients with 
diabetes 6  months after the bariatric surgery. Materials and Methods: This cross‑sectional study 
was performed on 77 type 2 diabetes patients’ candidates for bariatric surgery  (Roux‑en‑Y  [RYGP] 
and Omega). Postoperative implementation protocol was one‑third of insulin for patients taking 
long‑term insulin and the discontinuation of medications for patients of oral antidiabetic agents. 
Blood glucose  (BG) level was checked regularly by the patients at home and the necessary medical 
management was applied. The weight, BG and HbA1C levels, and use of oral antidiabetic agents 
and insulin were assessed and recorded before 1, 3, and 6  months after the surgery. Results: BG 
levels and HbA1C percentage in the 1st, 3rd, and 6th  months after the intervention in Omega group 
were significantly lower than RYGB group  (P value  <  0.05). At 1 and 3  months after surgery, the 
mean insulin dose received by the Omega and RYGB groups was reduced to  <30 units/day and 
10 units/day, respectively, following the management protocol in this study. Moreover, 23.1% 
and 7.7% of patients in RYGB group and 12.1% and 3% of patients in Omega group took oral 
antidiabetic agents 1and 3  months after surgery, respectively. Insulin and oral antidiabetic agents 
were completely discontinued 6  months after the surgery. Conclusion: The long‑term management 
and support of the patients by the implementation of a standard protocol after surgery are of great 
significance in obtaining the optimal outcome after bariatric surgery.
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comorbidities and lifestyle interference 
were candidates for surgical treatment. The 
mentioned statement is the most accepted 
general guideline for identifying indications 
for the bariatric surgery for obese 
individuals with comorbidities. Among the 
mentioned categories of patients, those with 
T2D are the most common indications for 
surgery.[7,8]

Bariatric surgery is the surgical 
manipulation of part of the digestive system 
to limit food and/or calorie intake.[9] Over 
the last 6  years as compared to previous 
years, the number of bariatric surgeries 
has almost quadrupled.[10] Each type of 
this surgery can be significantly associated 
with the weight loss.[10‑12] In addition, recent 
research has reported an improvement or 
reduction in diabetes, hypertension, and 
dyslipidemia following these surgeries. For 
instance, some studies have revealed that 
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the use of antidiabetic agents was significantly reduced 
within 1  month after laparoscopic sleeve gastrectomy and 
was maintained or further reduced over longer periods.[13‑15] 
In another study, a significant reduction was reported 
in terms of the use of antihypertensive agents, and nine 
patients discontinued their antihypertensive agents 6 months 
after the surgery.[16] In addition, Malone and Alger‑Mayer 
examined the changes in the class of antidiabetic agents 
1  year after the Roux‑en‑Y gastric bypass  (RYGB) 
surgery and indicated a significant reduction in the use 
of antidiabetic and antihypertensive agents as well as 
lipid‑lowering drugs.[17] In a retrospective study addressing 
more than 2000  patients with diabetes, 85% of patients, 
majority of whom received the RYGB surgery, did not take 
any more antidiabetic agents 2 years after surgery.[18]

Thus, the bariatric surgery seems to have been associated 
with promising results in reducing the use of antidiabetic 
agents;[13,14,19] however, fewer studies have paid attention 
to patient management after surgery. It appears that more 
acceptable results can be obtained if the status of patients’ 
blood glucose parameters is followed up after the surgery 
and antidiabetic medication is prescribed based on a 
specific protocol considering patients’ condition before 
surgery. Therefore, the present study aimed at examining 
whether the medical management of patients with diabetes 
1, 3, and 6  months after the bariatric surgery  (Omega and 
RYGB) can play an effective role in reducing the use of 
antidiabetic agents.

Materials and Methods
The population of the present, cross‑sectional, prospective 
study included all patients with T2D that were candidates 
for the bariatric surgery and referred to Al‑Zahra Hospital. 
The sample size of 87 patients was randomly selected from 
the mentioned population considering the confidence level 
of 95%, test power of 80%, the error level of 0.15, and the 
results of previous studies reporting the ratio of reducing 
the use of antidiabetic agents 1  month after the bariatric 
surgery to be equal to 50%.[20]

The inclusion criteria were patients that had T2D, aged 
over 19 years, were candidate for bariatric surgery (two classic 
procedures of Roux‑en‑Y and Omega), had the body mass 
index  (BMI) of  ≥35  kg/m2 and one or more comorbidities 
or had the BMI of  >40  kg/m2 without any comorbidities, 
and consented to participate in the study. Moreover, the 
patients were excluded from the study in case of surgical 
complications, refusal to measure and deliver fasting blood 
glucose level after the surgery, and dissatisfaction with their 
cooperation in the study. In this study, ten patients were 
excluded from the study due to their lack of regular follow‑ups 
and nonmeasurement of blood glucose level over 6 months so 
that the sample size was reduced to 77 patients.

It should be noted that the diagnosis was made by the 
surgeon, and typically patients that were candidates for 

the bariatric surgery had the same basic characteristics. In 
addition, before the surgery, all patients’ blood glucose level 
was adjusted for the surgery. Therefore, at the beginning of 
the study, the patients’ baseline characteristics and blood 
glucose levels could not be considered confounding factors.

The diagnosis of T2D was first defined and evaluated as the 
fasting glucose level equal to or >126 mg/dl or glycosylated 
hemoglobin  (HbA1C) level  ≥6.5%.[21] Other patients with 
medically‑managed diabetes were identified through the 
medication profile as well as the medical history reported 
by the patients.

After obtaining the code of ethics from the Ethics Committee 
of Isfahan University of Medical Sciences  (Code: IR.MUI.
MED.REC.1399.990) and obtaining written consent 
from the eligible patients, their demographic and clinical 
characteristics such as age, sex, various diseases associated 
with obesity, systolic and diastolic blood pressure, HbA1C, 
fasting blood glucose, the use of oral antidiabetic agents 
and insulin before and after the surgery, and anthropometric 
measurements before and after the surgery such as weight, 
height, and BMI were recorded.

It should be taken into consideration that after surgery, 
the drug dose and its administration procedure before 
surgery were specified based on the duration of diabetes 
and according to the standard protocol of oral antidiabetic 
agents or insulin. In details, after surgery, one‑third of 
insulin was prescribed for patients that had been taking 
insulin for a long time, and their blood glucose level 
was regularly checked and reported by the patient. For 
patients taking oral antidiabetic agents, the medications 
were discontinued completely. Moreover, the patients were 
regularly supposed to check their blood glucose level at 
home and were requested to consult with a physician if 
their blood glucose level reached above 180 mg/dl.[20]

It should be noted that a diet protocol including food 
abstinence and food consumption instructions was provided 
for patients from 1  month before the surgery to prevent 
the potential effect of the patients’ diet. Moreover, patients 
were encouraged to continue following this protocol 
after the surgery. To ensure the patients’ due attention in 
this respect, the patients were called twice a month and 
requested to follow the instructions. Our assumption was 
based on patients’ honesty.

The reduction or the nonuse of oral antidiabetic agents 
or insulin[20] was questioned and recorded in person at 
the center or on telephone 1, 3, and 6  months after the 
surgery. Moreover, the percentage of change in total body 
weight was calculated and recorded using the following 
formula: ([W0‑W1]/W0) ×100%.[22]

Finally, the collected data were entered into the 
SPSS software version  26. Data were presented as 
means  ±  standard deviation or n  (%). At the level of 
inferential statistics, the Chi‑squared test, independent 
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samples t‑test, and univariate analysis were used by 
adjusting the confounding factors, including age, 
anthropometric indices, blood pressure, and comorbidities 
to compare the mean of the variable between the two 
groups in each of the studied times. In addition, repeated 
measures ANOVA were also used to compare the mean 
changes of the variable over  6  months in each of the two 
groups. The significance level of  <0.05 was considered in 
all analyses.

Results
In the present study, out of 77  patients that underwent 
the bariatric surgery, 43 and 34  patients underwent 
the Omega and RYGB surgery, respectively. In the 
Omega group with the mean age of 40.2  ±  11.23  years, 
11  (14.3%) and 66  (85.7%) patients were male and 
female, respectively. In the RYGB group with a mean 
age of 41.37  ±  12.44  years, 7  (16.3%) and 36  (83.7%) 
patients were male and female, respectively  (P  >  0.05). 
In addition, the two groups did not differ significantly 
in terms of other basic and clinical characteristics 
including height, weight, BMI, comorbidities, and blood 
pressure (P > 0.05) [Table 1].

Furthermore, the patients’ fasting glucose and HbA1C 
levels did not differ significantly between the two groups 
before the surgery  (P  >  0.05). However, there was a 
significant decrease in the fasting glucose and HbA1C 
levels in both groups from the 1st  month after the surgery. 
Fasting glucose levels in the 1st, 3rd, and 6th  months after 
the intervention in the Omega group with the mean 
of 116.23  ±  29.93  mg/dl, 110.77  ±  31.65  mg/dl, and 
107.42  ±  31.74  mg/dl, respectively, were significantly 
lower than those of the RYGB group with the mean 
of 150.12  ±  40.37  mg/dl, 126.09  ±  30.79  mg/dl, and 
122.91 ± 36.26 mg/dl (P value < 0.05). Moreover, 1, 3, and 
6  months after the surgery, the HbA1C percentages in the 
Omega group with the mean of 6.01  ±  1.35, 5.81  ±  1.22, 
and 5.72  ±  1.31 were significantly lower than those of the 

RYGB group with the mean of 6.66  ±  1.32, 6.42  ±  1.25, 
and 6.45 ± 1.32, respectively (P < 0.05) [Table 2].

Insulin was used before the surgery for 10  (23.3%) patients 
with an average dose of 74.00  ±  17.76 units/day in the 
Omega group and for 8 (23.5%) patients with an average dose 
of 77.50  ±  19.09 units/day in the RYGB group  (P  >  0.05). 
According to the postoperative diabetes management protocol 
in this study, each patient’s insulin intake was reduced to 
one‑third of daily unit. Thus, 1  month after the surgery, the 
average insulin dose received by Omega and RYGB groups 
was reduced to 29.10  ±  12.07 and 29.50  ±  14.99 units/day, 
respectively (P > 0.05). In the 3rd month after the surgery, the 
insulin dose in the Omega and RYGB groups was 7.70 ± 7.77 
and 10.25  ±  9.04 units/day, respectively  (P  =  0.529). In the 
6th  month after the surgery, insulin intake was completely 
discontinued and no patient received insulin  [Table  3]. 
Moreover, before the surgery, 33  (76.7%) patients in the 
Omega group and 26  (76.5%) patients in the RYGB group 
had taken oral antidiabetic agents. Moreover, oral antidiabetic 
agents were prescribed for 4  (12.1%) and 1  (3%) patients in 
the Omega group and 6 (23.1%) and 2 (7.7%) patients in the 
RYGB group 1 and 3 months after the surgery, respectively. 
However, no patient required oral antidiabetic agents 
6 months after the surgery [Figure 1].

Finally, the percentage of weight changes in patients was 
not significantly different between the two groups 1, 3, and 
6 months after the surgery (P > 0.05), and both groups had 
a significant weight loss (P < 0.001) [Table 4].

Discussion
The results of the present study revealed that the effect of 
these two types of surgery on patients’ weight loss was not 
significantly different, although generally patients’ blood 
glucose and HbA1C reduction in the Omega procedure was 
much higher than that of the RYGB procedure.

Similarly, similar evidence suggests that the bariatric 
surgery is associated with 45%–95% cure of diabetes 

Table 1: Basic and clinical characteristics of patients in the two groups
Characteristics Total (n=77) Omega (n=43) RYBP (n=34) P
Age (years) 40.61±12.03 40.02±11.23 41.37±12.44 0.618
Sex, n (%)

Male 11 (14.3) 7 (16.3) 4 (11.8) 0.574
Female 66 (85.7) 36 (83.7) 30 (88.2)

Weight (kg) 117.77±19.90 118.65±22.19 116.65±16.83 0.664
Height (m) 1.59±0.06 1.58±0.08 1.61±0.04 0.085
BMI (kg/m2) 46.59±8.01 47.61±8.74 45.30±6.90 0.212
Comorbidity, n (%)

T2D 77 (100) 43 (100) 34 (100) ‑
Hypertension 31 (40.2) 18 (41.9) 13 (38.2) 0.083

Blood pressure (mm Hg)
Systolic 132.80±9.54 131.34±11.38 134.64±6.21 0.132
Diastolic 81.64±12.92 81.93±12.56 81.27±13.53 0.657

T2D: Type 2 diabetes, BMI: Body mass index, RYBP: Roux‑en‑Y gastric bypass
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depending on the type of the surgery.[23‑25] The results of the 
largest meta‑analysis study have indicated that in addition 
to the effectiveness of the bariatric surgery in patients’ 
weight loss, it was also associated with a significant 
reduction in the blood glucose and HbA1C levels[23] so 
that diabetes was completely eliminated or improved in 
70%–80% of cases. Weight loss and diabetes recovery had 
the highest rates for biliopancreatic diversion, followed by 
RYGB and then adjustable gastric banding (AGB). Vertical 
sleeve gastrectomy  (VSG) and mini or Omega loop 
gastric bypass have not been included in the mentioned 
meta‑analysis. In contrast, our study has addressed the 
Omega procedure and revealed that diabetes recovery and 
blood glucose reduction in the Omega group were much 
better than the RYGB group, although the weight loss was 
the same in both groups.

In addition, a retrospective study of patients with T2D 
undergoing the bariatric surgery showed that patients 
with preoperative HbA1C level of more than 6.5% had 
a poorer postoperative blood glucose control and a lower 
weight loss as compared to patients with the HbA1C level 
of <6.5%.[26]

Furthermore, as mentioned, 23.3% of the patients in the 
Omega group and 23.5% of the patients in the RYGB 
group received insulin before the surgery, and the rest of 

the patients took oral antidiabetic agents. According to the 
protocol implemented in this study, after surgery, one‑third 
of insulin was prescribed for patients that had been taking 
insulin for a long time, and the blood glucose level was 
regularly checked and reported by the patient. The results 
of this study indicated that the insulin dose in these patients 
gradually decreased significantly after the surgery so that 
the insulin intake was completely stopped for all patients 
6  months after the surgery, and oral antidiabetic agents 
were prescribed only for two of the patients 6 months after 
the surgery.

In addition, regarding the patients with a complete 
discontinuation of oral antidiabetic agents, the researchers 
of the current study had to prescribe oral antidiabetic agents 
for 12.1% and 23.1% of patients in the Omega and RYGB 
groups, respectively 1  month after the surgery. Moreover, 
oral antidiabetic agents were prescribed for 3% and 7.7% 
of patients in the Omega and RYGB groups, respectively, 
3  months after the surgery. It should be noted that the 
medication prescription was reduced in the 3rd  month, and 

Table 2: Comparison of the patients’ mean fasting glucose and hemoglobin A1C levels between the two groups
Variables Total (n=77) Omega (n=43) RYBP (n=34) Pa

Fasting glucose (mg/dl)
Baseline 171.44±45.91 171.86±44.80 170.91±47.94 0.929
1 month after surgery 131.19±38.59 116.23±29.93 150.12±40.37 <0.001
3 months after surgery 117.53±32.00 110.77±31.65 126.09±30.79 0.036
6 months after surgery 114.26±34.46 107.42±31.74 122.91±36.26 0.048

Pb <0.001 <0.001 <0.001
HbA1C (%)

Baseline 7.94±1.57 8.08±1.32 7.76±1.84 0.384
1 month after surgery 6.33±1.36 6.01±1.35 6.66±1.32 0.038
3 months after surgery 6.08±1.26 5.81±1.22 6.42±1.25 0.034
6 months after surgery 6.04±1.35 5.72±1.31 6.45±1.32 0.018

Pb <0.001 <0.001 0.003
aSignificance level obtained from the univariate analysis by adjusting for the age, anthropometric indices, blood pressure, and comorbidities 
to compare the mean of the variable between the two groups in each of the studied times, bSignificance level obtained from the repeated 
measures ANOVA comparing the changes in the mean of the variable over 6 months in each of the two groups. HbA1C: Hemoglobin A1C, 
RYBP: Roux‑en‑Y gastric bypass

Table 3: Patients’ insulin intake before and after the 
surgery in the two groups

Insulin Omega (n=43) RYBP (n=34) P
Baseline, n (%) 10 (23.3) 8 (23.5)

74.00±17.76 77.50±19.09 0.693
1 month after surgery 29.10±12.07 29.50±14.99 0.951
3 months after surgery 7.70±7.77 10.25±9.04 0.529
6 months after surgery ‑ ‑ ‑
RYBP: Roux‑en‑Y gastric bypass
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Figure  1: Determination and comparison of the percentage of patients 
taking oral antidiabetic agents after the surgery between the two groups
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no oral medication was administered to any of the patients 
in the 6th  month. Therefore, the most imperative point in 
the management of patients’ diabetes after surgery from the 
present researchers’ perspective is to train the patients with 
respect to monitoring along with periodic screenings of 
their diet as well as their co‑operation in self‑management 
according to the physician’s instructions. However, the 
availability of a physician or diabetes specialist is also very 
important in the long‑term follow‑up of these patients after 
the surgery.

In this regard, Pournaras et  al. examined the rate of 
diabetes recovery in the 10‑year follow‑up of patients with 
T2D undergoing three surgeries of RYGB, VSG, and AGB 
in the UK and revealed that totally 34.4% of patients had a 
complete cure of diabetes. The recovery rate after RYGB, 
VSG, and AGB was 40.6%, 26%, and 7%, respectively. 
Therefore, the recovery rate for RYGB was significantly 
lower than that of the other two procedures. In the present 
study, the effectiveness of this method was less than that of 
the Omega procedure.[27]

Similarly, Karim et  al. stated that the role of different 
metabolic surgery procedures should be attended to by the 
clinician while guiding care. For instance, substantial effects 
of RYGB on the reduction of diabetes have been reported 
with no concomitant requirements for the oral therapy. 
Therefore, pharmacotherapy regimen of patients following 
the RYGB may require being more considerably fine‑tuned. 
Similarly, the degree of control and diabetes history may 
provide implications for both postoperative and inpatient 
care. Further intensive insulin dosing regimens may be 
required preoperatively for patients with a poor control in 
their preoperative period, which predicts a lower reduction 
of blood glucose level after the surgery. Thus, it is less 
probable to stop their dependence on the oral therapy.[28]

It should be noted that the patients were not controlled for 
a long time before the surgery in the current study, and 
their blood glucose level was controlled for a short time 
before the surgery, and although they were not comparable 
in this regard, the consideration of the preoperative diabetes 
management protocol can also be of great importance 
before the surgery.

Consistent with the findings of the present study, the results 
of some previous studies have also shown the blood glucose 

control and diabetes recovery in approximately 80% of 
patients undergoing RYGB.[26,29,30] Insulin can also be 
eliminated in most patients with T2D according to another 
review study.[31] However, diabetes is a chronic disease, 
and an increase in glucose levels may recur in some 
patients when the weight stabilization is achieved  (usually 
12–18  months after surgery). It is ambiguous whether 
metformin or lifestyle interventions such as exercise can 
prevent the recurrence of diabetes. However, as metformin 
is not associated with the risk of hypoglycemia or weight 
gain, it may be retained or re‑prescribed in patients unless 
gastrointestinal side effects or contraindications such as 
renal failure are followed by at least annual HbA1c. In our 
study, we had to maintain or re‑prescribe oral antidiabetic 
agents, most of which were metformin, for  <20% of 
patients.

It is important to note that some studies have suggested 
the necessity of controlling the blood glucose level 
before the surgery through diet control, exercise, and 
anti‑diabetic agents. In fact, the need for a careful 
monitoring of glucose control and adjustment of treatment 
along with hypoglycemia in patients with diabetes before 
surgery is recommended.[28,30,32] However, the current 
study has not addressed the mentioned point, which can 
be one of the limitations of the study. We controlled the 
patients’ blood glucose level few days before the surgery 
and could observe the effective role of the postoperative 
diabetes medical management in the discontinuation of 
antidiabetic agents by checking the patients’ blood glucose 
level daily, the exact implementation of the mentioned 
protocol, and the support and advice of physicians in this 
regard. The mentioned point can be regarded as one of 
the strengths of the present study. Therefore, considering 
the increasing prevalence of obesity, changes in the 
lifestyle, and unhealthy eating habits, it can be stated 
that this surgery alone cannot be effective in reducing 
weight, improving patients’ diabetes, and reducing their 
need for antidiabetic agents so the patients should be 
followed‑up, managed, and treated for a long time after 
the surgery. Improving the lifestyle and diets of these 
patients can also be influential in increasing effectiveness 
of medical management of these patients. Therefore, it is 
recommended that more studies with larger sample sizes 
and longer follow‑ups before and after the surgery be 

Table 4: Comparison of the percentage of patients’ mean weight loss in the two groups
Variables Total (n=77) Omega (n=43) RYBP (n=34) Pa

Percentage of excess weight lost
1 month after surgery 18.06±9.64 17.24±8.82 19.09±10.63 0.407
3 months after surgery 27.18±6.07 28.21±6.98 25.88±4.45 0.094
6 months after surgery 33.38±9.74 32.84±10.59 34.06±8.65 0.588
Pb <0.001 <0.001 <0.001
aSignificance level obtained from an independent samples t‑test to compare the percentage of the patients’ mean weight loss between 
the two groups in each of the studied times, bSignificance level obtained from the repeated measures ANOVA analysis comparing the 
percentage of the patients’ mean weight loss over 6 months in each of the two groups. RYBP: Roux‑en‑Y gastric bypass
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performed so that the results can be generalized to the 
target population with more confidence.

Conclusion
According to the results of the present study, generally 
bariatric surgery has had an effective role in patients’ weight 
loss and T2D recovery. Although the effectiveness of the 
Omega procedure in controlling and reducing patients’ 
blood glucose and HbA1C levels was greater than that of 
the RYGB procedure, both procedures were significantly 
effective in reducing patients’ weight. In addition, the main 
purpose of the present study was to manage the patients’ 
diabetes up to 6  months after the surgery. According to 
the protocol implemented in this study, reducing patients’ 
insulin to one‑third of the dose taken before the surgery, 
along with frequent daily blood glucose monitoring and 
physician‑patient consultation could reduce the need for 
insulin in these patients and terminate its use 6  months 
after the surgery. Moreover, oral antidiabetic agents were 
prescribed for  <25% of patients 1 and 3  months after 
the surgery and were gradually decreased with the daily 
control of the patients’ blood glucose level such that the 
use of oral antidiabetic agents also terminated 6  months 
after the surgery. Therefore, it seems that the management 
and support of these patients after the surgery are of great 
importance in the long‑term feedback of bariatric surgeries, 
regardless of its type. In fact, the patients’ need for oral 
antidiabetic agents and insulin can be terminated with 
patients’ long‑term control and support.
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