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Introduction
Type 2 diabetes mellitus (T2DM) is associated with 
obesity. While more than 60% of patients with diabetes are 
obese, weight loss is attractive.1,2 Additionally, T2DM is 
heterogeneous and progressive,3 and often, a combination 
of two or more interventions is needed for controlling 
diabetes.4 Intensifying treatment could induce weight 
gain. So, managing obese diabetic patients requires careful 
consideration.5,6 Also, dietary regimens alone cannot 
reduce long-term weight loss due to the low adherence of 
patients to modified lifestyle efforts during the time.7,8 This 
highlights the role of biological and clinical manipulation 
of the gastrointestinal tract in treating T2DM.9,10 

Bariatric surgery, also called metabolic surgery, leads to 
diabetic remission in several studies by increasing insulin 
sensitivity in the pancreas, favorable glucose levels, and 
weight reduction.11-15 Also, bariatric surgeries reduce 
other obesity-related comorbidities such as dyslipidemia, 
cardiovascular disease, and cancers.16,17 T2DM remission 
rate varies in surgery-submitted obese patients (25% to 
75%) versus medical management (0-6%).11 It seems that 
remission and disease-free rates in patients with diabetes 
rely on surgery type and glycemic index.18 Hutter and 

colleagues, in a study on 28 616 patients with diabetes, 
demonstrated that Roux-en-Y gastric bypass (RYGB) led 
to a higher remission rate than sleeve gastrectomy (SG) 
(83% vs 55%) in one-year follow-up, respectively.19

Despite evidence of the role of metabolic surgery in 
diabetic remission, associated baseline characteristics 
and diabetic markers affecting diabetic remission are 
still under debate. At least 35-50% of recovered patients 
experience a relapse in long-term follow-up.20 A recent 
study demonstrated that after 10 years of follow-up, 53% 
of patients with a history of RYGB experienced a relapse of 
T2DM.21 Furthermore, the relapse definition must still be 
fully elucidated.22 However, poorer diabetes control before 
surgery, longer disease duration, and insulin injection 
before surgery can compromise long-term remission.20 
The role of weight regain several years after bariatric 
surgery is uncertain.23 It should also be noted that 
following bariatric surgery, the relapse period increases in 
long-term observation, especially in RYGB.24,25 

Inconsistent results of previous studies are associated 
with a lack of long-term follow-up, high population study, 
and a variety of remitting definitions that influenced the 
results of bariatric surgery. In this long-term observational 
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Abstract
Background: Bariatric surgery delivers substantial weight loss for obese patients with comorbidities like diabetes mellitus. We 
aimed to investigate the impacts of bariatric surgery on diabetic markers after 5 years of follow-up.
Methods: This is a retrospective study on patients with diabetes and a history of bariatric surgery between 2016-2017. The diabetic 
markers before and 5 years following surgery, including a lipid profile, glucose level, and the required antidiabetic medications, 
were evaluated.
Results: 34 consecutive patients were included, 30 (88.2%) women, with a mean age of 52.71 ± 8.53 years. The majority (65%) 
of surgeries were Roux-en-Y gastric bypass (RYGB), and the remaining were one anastomosis gastric bypass (OAGB) and sleeve 
gastrectomy (SG). The serum levels of diabetic markers reduced during follow-up (P = 0.001), except for high-density lipoprotein 
levels and serum total cholesterol, which increased (P = 0.011, P = 0.838). Low-density lipoprotein levels reduced, but it was 
insignificant (P = 0.194). Surgery types had affected the changes of diabetic markers (P > 0.05). Demand for oral medication was 
reduced significantly, but insulin injection reduction was not significant (P = 0.006 and P = 0.099, respectively). 
Conclusion: Our study showed favorable bariatric surgery results on patients with diabetes in long-term follow-up. However, 
dyslipidemia is still a concern.
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study, we aimed to evaluate changes in diabetic markers, 
antidiabetic agents’ prescription, and diabetic remission 
rate following bariatric surgeries. 

Materials and Methods 
Study Design and Participants
This retrospective observational study was conducted 
on patients with diabetes aged > 18 years who underwent 
bariatric surgery from March 2016 to July 2017 in Imam 
Reza hospital, a tertiary academic hospital affiliated with 
Mashhad University of Medical Sciences, Mashhad, 
Iran. Patients were divided into three groups by well-
experienced bariatric surgeon who would perform RYGB, 
one anastomosis gastric bypass (OAGB), and SG surgery 
due to the amount of required weight reduction, anesthesia 
complications, and comorbidities. Patients who needed 
consensus to participate in the study or lack of medical 
data were excluded.

The data collected from the patients’ medical records, 
including age, sex, surgery type, height, weight, body 
mass index (BMI), waist circumference (WC), abdominal 
circumference (BC), lipid profile (e.g., triglyceride [TG], 
low-density lipid [LDL], high-density lipid [HDL]), total 
cholesterols (TC), fasting blood sugar (FBS), HbA1C, 
insulin resistance, oral medications, and insulin regimen 
before and 5 years after bariatric surgery. 

Diabetic partial remission was defined as FBS between 
100-125mg/dL and HBA1C < 6.5%. Diabetic remission 
was defined as HBA1C < 6.0 and FBS < 100 mg/dL 
without ongoing medical therapy.26 Insulin resistance 
was calculated by the Homeostatic Model Assessment for 
Insulin Resistance (HOMA-IR).26

Statistical Analysis
Categorical variables were expressed as frequencies and 
percentages, and continuous variables were presented 
as mean ± standard deviation. Normal distribution was 
evaluated using Kolmogorov-Smirnov. Categorical data 
were compared by chi-square test or Fisher’s exact test, as 
appropriate. The quantitative data were compared using 
the Student’s t-test or Mann-Whitney test, as appropriate. 
For comparing qualitative variables between more than 
two groups, one-way analysis variance (ANOVA) was 
used. A P value less than 0.05 was considered statistically 
significant. All data were analyzed using SPSS software 
version 26.

Results
This study was conducted on 34 patients (88% female) 
with a mean age of 52.71 ± 8.53 years. The mean abdominal 
circumference was 109.29 ± 10.44 cm and WC was 
115 ± 13.03 cm, respectively. BMI, lipid, glycemic profile, 
IR, and HOMA-IR were evaluated before and 5 years 
after surgery (Figure 1). Serum total cholesterol and LDL 
levels had not changed significantly during the follow-up. 
Overall, 22 (64%) patients had RYGB, 9 (27%) had OAGB, 
and 3 (9%) had SG. Additionally, no significant differences 

were observed in metabolic variables between the three 
types of surgeries. However, lower LDL reduction and 
increasing cholesterol serum levels were found in the 
RYGB group (Table 1). 

Of our 34 patients, 24 patients (71%) (14 RYGB; 7 
OAGB; and 3 SG) had experienced remission (50% 
complete remission, 21% partial remission) during 5 years 
of follow-up. We found no predictive factors associated 
with diabetic remission (Table 2). Also, we found that 
BMI changes in the remitted group were slightly higher 
versus the non-remitted group, but it was insignificant 
(-16.07 ± 6.22 vs -13.31 ± 6.25, P = 0.289). IR changes in 
the non-remitted group were slightly higher versus the 
remitted group, but it was also not significant (14.16 ± 9 vs 
12.85 ± 14.5, P = 0.749).

In this study, despite the higher female population, 
no significant sex-related differences were observed 
in diabetic markers (P > 0.05). Insulin injection and 
consuming antihyperglycemic drugs as confounding 
variables that affected the metabolic panel were evaluated 
before and in follow-up time (Figure 2). 

Figure 1. Comparison of metabolic markers before and 5 years after the 
operation. BMI: Body mass index, FBS: fasting plasma glucose, HbA1c: 
hemoglobin A1c, TG: triglyceride, HDL: High density lipoprotein, LDL: low 
density lipoprotein, IR: insulin resistance, HOMA-IR: Homeostatic Model 
Assessment for Insulin Resistance

Figure 2. Comparison of oral agent and insulin injection before and 5 years 
after surgery
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Among our patients included in the study, in 15 patients, 
T2DM was diagnosed for the first time preoperatively, and 
they were candidates for bariatric surgery due to high BMI. 
19 (60%) patients were taking antihyperglycemic agents 
before surgery (five patients used 500 mg metformin, 
eight patients used 1000 mg, and six patients used 1500 
mg metformin), while just for nine (26%) patients, this 
situation remained after the operation (P = 0.006). For one 
patient without a history of taking oral agents despite poor 
control of diabetes, 1000 mg of metformin was prescribed. 
Eight patients had continued the previous oral agents 
regimen, but this time with near-optimal blood glucose 
control. Insulin was administered prior to surgery for 
three patients. Two patients used ten units of glargine, 
and one patient used 60 units of glargine with ten units 
of glulisine). Insulin was simultaneously prescribed with 
500-1000 mg of metformin for patients. Among three 
patients, only one still used insulin post-operatively, and 
the insulin was changed to oral agents for two other ones. 

During follow-up, one patient who was taking metformin 
and glibenclamide for about 4 years after surgery, insulin 
was administered due to a high HBA1C level (P = 0.999). 

Discussion
With the trend of utilizing metabolic surgery to alleviate 
metabolic markers in patients with diabetes, the role of 
bariatric surgery is still under debate in long-term follow-
up. This was a retrospective observational study that 
consisted of early and late diagnosis of diabetes in patients 
who were candidates to undergo metabolic surgery. Our 
findings present that metabolic surgery plays a key role in 
robust alteration in three category measurements: weight 
loss, lipid profile, and glycemic indices. Our presentation 
confirmed the previous studies on weight loss and glycemic 
index in long-term bariatric surgery follow-ups.27,28 

Our interesting findings were an insignificant decrease 
in LDL and an insignificant increase in total cholesterol. 
Also, in the RYGB group, LDL level reduction is lower 
than in other groups. The effect of bariatric surgery 
on reduction of cholesterol level in morbid obesity is 
discussable. A study by Adam and colleagues showed 
that LDL levels decreased by about 26% because of RYGB 
surgery after 6 years.29 Another meta-analysis study on 
1551 patients demonstrated a significant reduction of 
serum LDL levels following bariatric surgery, especially 
after RYGB.30 However, Hu et al, in a meta-analysis on 
7443 subjects who underwent RYGB and SG, revealed 
that, in more than 3 years of follow-up, comorbidities such 
as dyslipidemia and hypertension had not been improved 
significantly.31 Also, Coleman and co-workers, in a study 
of 8265 patients, found lower dyslipidemia relapse in 4 
years of follow-up in RYGB versus the SG group (21% 
vs. 24%).32 Dyslipidemia relapse was not the scope of 
our study. A person would be considered as having 
dyslipidemia relapse if he/she has LDL level ≥ 160 mg/dL, 
HDL level < 40 mg/dL for men or less than 50 mg/dL for 
women, TC level ≥ 240 mg/dL, or triglyceride levels ≥ 200 
mg/dL.31,32 Our findings demonstrated a relapse of 
dyslipidemia in about 23% of our patients, 20% in the 
RYGB group, and 3% in the OAGB group, considering 
that most of our patients had undergone RYGB surgery. 
Noticeably, a high level of serum TC was also found in 
most patients who experienced dyslipidemia relapse. 
Since we did not follow the patients gradually, other 
causes, such as diet regimen adherence, may be associated 
with dyslipidemia progression in our patients, while 
taking saturated fatty acids increases LDL levels following 
bariatric surgery.33,34 Albeit, after bariatric surgery, 
the patients’ meal frequency increases.35 Furthermore, 
patients’ preference for low-calorie diets and sweets may 
fall after 18 months.36 So, nutrition counseling is essential 
for maintaining the normometabolic situation following 
bariatric surgery.37

Although bariatric surgery increases diabetic remission, 
the advantages and disadvantages of the type of surgery, 
such as mortality and diabetic reversibility, remain under 

Table 1. Comparison of metabolic panel changes in three surgery types

Variables Sleeve RYGB OAGB

BMI (kg/m2) -18.0 ± 4.4 -13.8 ± 5.9 -18.0 ± 6.90

FBS (mg/dL) -58.3 ± 34.4 -56.0 ± 61.2 -51.5 ± 44.5

HbA1c (%) -2.2 ± 1.1 -1.4 ± 1.9 -0.94 ± 1.9

TG (mg/dL) -112.3 ± 50.8 -44 ± 69.4 -51 ± 46.8

Cholesterol (mg/dL) 12 ± 6.2 -11.5 ± 59.9 16 ± 37.2

HDL (mg/dL) 13 ± 6.0 5.8 ± 13.7 3.1 ± 10.3

LDL (mg/dL) -45.7 ± 12.7 -4.1 ± 59.5 -19.1 ± 32.9

IR (µIU/dL) -7.5 ± 2.2 -11.8 ± 10.9 -11.9 ± 7.5

HOMA-IR 5.2 ± 1.5 8.9 ± 7.7 5.9 ± 1.9

BMI: Body mass index, FBS: Fasting blood sugar, Hb A1c: Hemoglobin 
glycosylated A1C, TG: Triglyceride, HDL: High-density lipoprotein, LDL: 
Low-density Lipoprotein, IR: Insulin resistance, RYGB: Roux-en-Y gastric 
bypass, OAGB: One anastomosis gastric bypass.

Table 2. Different factor discrepancy between the two remission groups

Variables Remission (n = 24) Non-remission (n = 10) P value

Age 53.5 ± 8.8 60 ± 7.5 0.434

Gender (female) 22 (64.7) 8 (80.0) 0.334

BMI 48.3 ± 6.0 45.4 ± 5.9 0.208

Weight reduction -45.3 ± 25.4 -38.2 ± 17.7 0.549

Surgery 0.288

Sleeve 3 0

OAGB 7 2

R-Y GB 14 8

FBS 155.1 ± 43.8 161.4 ± 46.5 0.642

HBA1C 7.6 ± 1.3 7.6 ± 1.1 0.669

IR 6.6 ± 6.3 5.3 ± 4.6 0.254

HOMA-IR 7.7 ± 6.9 7.9 ± 5.5 0.780

TG 153.9 ± 6.7 145 ± 38.1 0.838

Chol 171.2 ± 34.2 168 ± 34.7 0.445

HDL 41 ± 6.9 42 ± 5.9 0.454

LDL 112.9 ± 34 106.9 ± 31.4 0.589

RYGB: Roux-en-Y Gastric Bypass; OABG: one anastomosis gastric bypass
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discussion.38,39 In this study, we found 70% diabetic 
remission in our patients during 5 years of follow-up, 
but the type of surgery does not affect remission in our 
survey. Following all patients in SG and the remaining 
patients in another surgery group, this result is related to 
our patient population. A recent meta-analysis showed 
that SG, OAGB, and RYGB impact diabetic remission 
and OAGB has a higher effect on diabetic remission.40 
However, the diabetic remission mechanism is attributed 
to several factors, such as gastrointestinal hormones, 
patient adherence and compliance with treatment, and 
patient lifestyle.41 Gloy et al found that bariatric surgery 
had a major impact on diabetic improvement, HDL level, 
obesity, metabolic syndrome, and quality of life compared 
with drug medications.42 Among metabolic surgeries, 
RYGB was superior to other types of surgery.43-45 However, 
Balamurugan and colleagues, in their systematic review of 
82833 patients who underwent metabolic surgery, showed 
that SG is more effective in diabetic remission and weight 
loss compared with OAGB and RYGB. Despite this, the 
rate of SG procedures was lower than other surgeries. The 
heterogenicity of studies interprets the data so difficult.46 
In a study by Gentileschi et al on 78 patients with RYGB 
and OAGB, OAGB was found to be superior by facilitating 
more diabetic remission compared with RYGB in a 
6-month follow-up.47 We did not find any factors related 
to diabetic remission. Previous studies demonstrated that 
age, insulin injection, preoperative HbA1C, C-peptide 
level, baseline BMI, and diabetic duration were predictive 
factors of diabetic remission after bariatric surgery.48-50 In 
a study by Stenberg et al, the authors demonstrated that 
diabetic remission was lower in patients who had a higher 
duration of diabetes, HbA1c, age, and dyslipidemia during 
10 years of follow-up of RYGB surgery.51 We collected 
the data from the first laboratory tests of patients. Some 
participants had no concerns about diabetes and did not 
have any history of diabetes before our first diagnostic 
session. So, we could not estimate the duration of diabetes 
and its association with the remission rate. Additionally, in 
our diabetic patients, the non-remitted group had higher 
pre-operation BMI, but it was insignificant (P = 0.208). 
Although weight loss is a prior factor in alleviating 
diabetic markers, BMI reduction has not been considered 
a predictive factor for diabetic remission.51 We found 
weight reduction in 5-year follow-up has not affected 
diabetic remission.

Adipose tissue reduction in bariatric surgery attenuates 
IR.52 IR is the most important factor in glucose tolerance 
in patients with diabetes. Early diagnosis of T2DM with 
higher Beta cell remnant function and lower hepatic IR 
is associated with diabetic remission in a 5-year follow-
up.53 Also, bariatric surgery affects polypeptide tyrosine-
tyrosine, which is associated with pancreas function, 
adiponectin, glucagon-like peptide 1, and C-reactive 
protein, which may contribute to improvements in IR.54 
Our study confirmed previous reports in the literature, 
which demonstrated a significant reduction in HOMA-

IR following different types of metabolic surgeries.55-58 
However, it is not a predictive factor of diabetic remission 
in our study. Ekberg et al also demonstrated that despite 
evidence of HOMA-IR level reduction, it is not a predictive 
factor of keeping HbA1C in the normal range.59

Moreover, in this study, we observed a significant 
reduction of required oral antidiabetic agents during 
follow-up, which confirmed diabetic remission. This 
also clears the role of gastrointestinal manipulation on 
hormonal changes and further medications. We also 
observed that maintaining a metformin prescription in 
follow-up visits did not prevent diabetic relapse. Souteiro 
and colleagues also demonstrated that keeping metformin 
in a patient with HBA1C < 6% does not show T2DM 
relapse.60 These findings show that bariatric surgery 
requires a multidisciplinary team even after reaching a 
significant weight reduction. 

Long-term follow-ups and three types of bariatric 
surgery were the strengths of this study, while the best 
surgery method for patients with diabetes is still the 
subject of debate. 

One of the limitations of this study was being 
retrospective, and it contained bypass as the major type of 
surgery. The other main limitation of our study was poor 
patients’ adherence to follow-up visits, mostly due to the 
COVID-19 pandemic, leading to a low study population. 

Although most patients in our study were women, 
like the systematic review by Wang et al, sex did not 
affect diabetic remission during follow-ups.18 Our study 
attracted attention to investigating oral drug prescriptions 
while selecting patients for surgeries. Despite good 
control of diabetes after the operation, we recommend 
future randomized controlled studies to evaluate medical 
treatment in long-term follow-ups, which involve all kinds 
of bariatric surgeries.

Conclusion
Our study showed favorable results of bariatric surgery 
on patients with diabetes in long-term follow-up. Patients 
who used oral antidiabetic drugs before surgery had 
better blood sugar control compared with patients taking 
insulin. Although the present study found no metabolic 
changes based on the three types of surgeries, it should 
be considered that taking oral medications after bariatric 
surgery were reduced. Further studies inquiring into 
which bariatric surgery is efficient for diabetic remission 
through conducting long-term follow-ups are required. 
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