
Videosurgery and Other Miniinvasive Techniques 4, December/2014 523

VideosurgeryOriginal paper

Address for correspondence

Łukasz Kaska MD, PhD, Department of General, Endocrine and Transplant Surgery, Medical University of Gdansk, 17 A Smoluchowskiego St, 

80-952 Gdansk, Poland, phone: +48 501 677 644, e-mail: lukasz.kaska@wp.pl

Introduction

Type 2 diabetes mellitus (T2DM) has been recog-
nized as one of the leading plagues of the modern 
world. While in 1995, there were 135 million people 
affected by this disease, the approximate progno-
sis for 2030 seems to be devastating – the number 
of patients suffering from T2DM is expected to be 
nearly tripled [1, 2]. In developed countries, diabetes 
is now the fourth leading cause of death [2]. Type 2 

diabetes mellitus is the main medical condition in 
people with chronic renal failure [2]. It was estimat-
ed that more than 2.5 million individuals developed 
diabetic retinopathy [2]. In Poland alone, annually, 
about 14 000 patients undergo distal lower limb am-
putations annually due to diabetes-related micro-an-
giopathy [3]. People with T2DM are more than twice 
as likely to have a heart attack or stroke compared 
to non-diabetics [1, 2]. Estimated global healthcare 
expenditures to treat and prevent diabetes and its 
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A b s t r a c t

Introduction: Bariatric surgery as treatment of type 2 diabetes mellitus (T2DM) in morbidly obese patients is becom-
ing common. Although a large number of studies demonstrating high efficacy of bariatric methods in diabetics with 
body mass index (BMI) < 35 kg/m2 have been published, this promising solution is still not accepted enough even in 
the era of a diabetes offensive. 
Aim: To analyze the dynamics of T2DM remission in patients with BMI < 35 kg/m2 and > 35 kg/m2 after Roux-en-Y 
gastric bypass (RYGB). 
Material and methods: Data of 30 patients with BMI < 35 kg/m2 and 82 with BMI > 35 kg/m2 who underwent RYGB 
between 2007 and 2010 were collected from a prospectively designed database. The laboratory resolution of T2DM 
was determined by fasting plasma glucose (FPG ≤ 100 mg/dl) and glycosylated hemoglobin (HbA1c ≤ 6%).
Results: The T2DM regression was observed in 80% of the patients with BMI < 35 kg/m2 and 83% in a group with 
BMI > 35 kg/m2 1 year after RYGB and about 80% 2 and 3 years after the operation in both groups. Normalization of 
average HbA1c and FPG was observed in the BMI > 35 kg/m2 group after 3 months, while in the BMI < 35 kg/m2 group 
it was reached 6 months postoperatively. Changes in main markers of T2DM were parallel with the BMI decrease 
3–12 months after RYGB, but early resolution in some patients was observed independently of weight loss.
Conclusions: The mid-term observation of patients after RYGB revealed the laboratory remission of T2DM. Ultimate 
evaluation of T2DM markers 3 years after surgery demonstrates high effectiveness of RYGB in managing T2DM in 
both groups.

Key words: type 2 diabetes mellitus, remission, Roux-en-Y gastric bypass, surgical treatment, body mass index  below 
35 kg/m2.
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complications are projected to exceed USD 490 bil-
lion by the year 2030 [1, 2, 4]. 

These alarming data call for more intensive di-
abetes management and encourage the search for 
new alternatives to current sub-effective therapies 
[5]. The observation of the postoperative course of 
bariatric patients with concomitant T2DM demon-
strated a  very high rate of long lasting resolution 
of type 2 diabetes already in the late nineties [6, 
7]. What was recognized as potentially curative for 
pathologically obese diabetics could also be ben-
eficial for patients with mild obesity or even over-
weight, ineffectively treated for T2DM [8]. In March 
2011 during the 2nd Congress on Interventional Ther-
apies for T2DM in 2011 in New York, a  multidisci-
plinary team of reputable specialists developed an 
agenda of research priorities to set a new consensus 
on the role of gastrointestinal surgery in T2DM treat-
ment in obese and non-obese patients [9].

Since the results of the two most important ran-
domized trials comparing conservative with surgi-
cal treatment of T2DM were published in 2012, the 
number of bariatric procedures for diabetic patients 
with different body mass index (BMI) has increased 
worldwide [8–11]. 

Aim

The aim of the study was to evaluate the impact of 
Roux-en-Y gastric bypass(RYGB) on diabetes resolution 
in patients with BMI < and > 35 kg/m2 in a 3-year ob-
servation period. We attempted to define the dynam-
ics of change of the main diabetic laboratory markers 
glycated hemoglobin (HbA1c) and fasting plasma glu-
cose (FPG) during weight loss following surgery.

Material and methods

Data of 112 patients with T2DM who underwent 
RYGB between September 2007 and December 2010 

were collected in a prospectively designed database. 
Eighty-two of them had BMI higher than 35 kg/m2 
(mean BMI = 44.2 kg/m2), and 30 had BMI lower than 
35 kg/m2 (mean BMI = 29.1 kg/m2). The BMI value 
was calculated during the initial visit. Patients were 
followed up 3, 6, 12, 24 and 36 months postopera-
tively. There were 21 women and 9 men in the group 
with BMI < 35 kg/m2 and 50 women and 32 men 
in the group with BMI > 35 kg/m2. The procedure 
of RYGB was chosen for all of the patients because 
of its potential curative metabolic effect in T2DM. 
Diabetic patients with BMI lower than 35 kg/m2  
were referred for surgery by diabetologists due to in-
effective conservative treatment of T2DM, while the 
dominant indication in group BMI > 35 kg/m2 was 
obesity. The indication criteria for RYGB for morbid-
ly obese individuals are well established worldwide 
[12]. The conditions that should be met to select 
patients below 35 kg/m2 BMI for surgical treatment 
within a clinical study are listed in Table I, following 
the IDF statement [13]. The preoperative period last-
ed 3–4 months and was based on cooperation with 
a psychologist, dietician, diabetologist and bariatric 
surgeons. During this period at least 2 visits with 
each of the specialists were obligatory to optimize 
general conditions of the patients at the time of sur-
gery and prepare them to follow the postoperative 
dietary indications.

At each follow-up point apart from the BMI, the 
most significant markers of glycemia control ac-
knowledged by leading diabetes associations were 
assessed – glycosylated hemoglobin (HbA1c %) and 
fasting plasma glucose (FPG mg%) [14]. In all cases, 
the preoperative HbA1c and FPG were determined. In 
addition, the type and dose of the antidiabetic drugs 
and the duration of the disease were noted. HbA1c 
and FPG levels were measured 3, 6, 12, 24 and 36 
months after the surgery. Many other laboratory pa-
rameters were estimated regularly after the opera-

Table I. Inclusion/exclusion criteria for patients with BMI < 35 kg/m2

Inclusion criteria Exclusion criteria

• Unregulated T2DM
• HbA1c > 7% (3 × 3 months)
• ΔFPG > 250 mg%
• C-peptide > 1 ng
• Duration of disease > 15 years
• Multi-disciplinary team approval

• Uncontrolled psychiatric disease
• Age < 18 and > 65 years
• Alcohol  or drug abuse
• Anti-GAD (+)
• GI inflammatory diseases
• Pregnancy
• Cancer history > 5 years
• Renal, liver failure
• Serious cardiovascular complications 
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tion to estimate the efficacy of the treatment and 
prevent nutritional deficiencies, but have not been 
presented here not to blur the basic idea of the study.

All patients underwent RYGB. Sixty-five of them 
underwent a  laparoscopic procedure (LRYGB) and 
47 an open procedure (ORYGB). Regardless of the 
approach, the technical aspects of the procedures 
were the same. The size of the pouch was mea-
sured during the obligatory methylene blue test and 
ranged from 35 ml to 45 ml. Intestinal anastomosis 
was performed after the exclusion of biliopancreatic 
limb (BPL) average 109 cm with digestive limb (DL) 
154 cm in the BMI > 35 kg/m2 group, and the propor-
tion BPL/DL in the BMI < 35 kg/m2 group was close 
to the average of 100/100 cm. The size of the limbs 
was adjusted to the BMI of the patients with BMI  
> 35 kg/m2 but in some cases the anatomical condi-
tions played the deciding role. Hence the main goal 
in BMI < 35 kg/m2 patients was not intense weight 
loss, and the length of both loops was set at about 
100 cm.

The follow-up visits were executed by a multidis-
ciplinary team at the above-mentioned time points. 
The glycemia markers were all assessed in the same 
laboratory. The National Institutes of Health (NIH) 
guidelines define normal FPG as ≤ 100 mg% and the 
“nondiabetic” range of HbA1c as 4.0–6.0% [15]. The 
laboratory T2DM remission has been established 
following NIH criteria for patients who discontinued 
using diabetic medications.

Group characteristics are summarized in Table II.

The spectrum, methodology and assumptions of 
the study were accepted by a local bioethical com-
mittee at the Medical University of Gdansk, Poland.

Statistical analysis

Statistical analysis was performed with Statisti-
ca software licensed for the Medical University of 
Gdansk. Data at individual time points were com-
pared using t-tests. Statistical significance was con-
sidered for p < 0.05.

Results

All 112 patients were followed up according to the 
schedule of the study. There were no intra- or post-
operative deaths. Gastrointestinal leak as the most 
serious complication was observed in 2 patients from 
the BMI > 35 kg/m2 group. The first leak was localized 
in the site of the staple line of the remnant stomach. 
It required reoperation and closure on the second 
postoperative day. The stenosis of the pouch-jejunal 
anastomosis 12 months after the procedure was the 
reason of late pouch – cutaneous fistula in another 
case. Endoscopic dilatation of the anastomosis with 
self-expanding stent implantation and intense par-
enteral nutrition for 6 weeks was safe and effective in 
fistula closure. Control endoscopy 1 year after RYGB 
showed ulceration in the region of anastomosis in 
6% to 10% of patients in both groups, which were 
successfully treated conservatively. All the postoper-
ative complications and the most common adverse 

Table II. Group characteristics

Base conditions BMI < 35 kg/m2 BMI > 35 kg/m2 Value of p

Number of cases 30 82

Male/female 9/21 32/50

Average age [years] 46.4 ±11.2 48.5 ±10.9 0.3920

Patients on insulin therapy [%] 46.6 39.0

Average disease duration [years] 7.9 ±3.91 6.8 ±3.63 0.1678

Average HbA1c [%] 8.9 ±0.81 8.8 ±1.01 0.6269

Average FPG [mg%] 199 ±34.47 190 ±41.91 0.3112

Average C-peptide level [μg/l] 1.9 ±0.89 2.5 ±1.02 0.0053

Average BMI [kg/m2] 29.1 ±2.15 44.2 ±5.49 < 0.00001

Mean size of pouch [ml] 45 ±0.99 38.5 ±1.02 0.0001

Average length of BP/digestive loop [cm] 98.4/105.9 ±12.53/14.12 108.6/154.2 ±13.19/18.20 0.004/ < 0.0001
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events reported during the postoperative follow-up 
visits are listed in Table III. 

About 40% of the patients in both groups report-
ed clinical symptoms of hypoglycemic episodes but in 

only 2 patients who required intensive medical treat-
ment accidental plasma glucose was below 50 mg%. 

The laboratory regression of T2DM based on HbA1c 
during the first follow-up visit (3 months after surgery) 
was observed in 27% of the BMI < 35 kg/m2 group and 
in 52% of the BMI > 35 kg/m2 group (p = 0.0162). In 
the vast majority of these patients an FPG level lower 
than 100 mg% was observed during the hospital stay 
after surgery. The average HbA1c during the first fol-
low-up visit was 6.1% and 6.0% in the group with BMI 
< 35 kg/m2 and the group with BMI > 35 kg/m2 respec-
tively (p = 0.362). The decrease of the FPG from the 
baseline was statistically more significant in the group 
of patients with BMI > 35 kg/m2: 17% vs. 50% of the 
cases (p = 0.028). A further decrease in both parame-
ters was observed in both groups at the next follow-up 
visit 6 months after surgery; statistically significant 
differences were noted between groups. At this point 
laboratory regression of T2DM was observed in close 
to 80% of patients from the BMI > 35 kg/m2 group, 
while still 13/90 (43%) patients from the BMI < 35 kg/
m2 group had HbA1c higher than 6%. 

Delayed improvement in HbA1c in relation to FPG 
seems to reflect the fact that it illustrates glycemia 
control from previous weeks, rather than the current 
status as FPG. The values of HbA1c and FPG at the 
next follow-up visits, 1, 2 and 3 years postoperative-
ly, demonstrated further decrease or stabilization 
and did not differ between the studied groups. About 
80% of all cases presented HbA1c and FPG below or 
equal to the threshold established as non-diabetic. 
The average of HbA1c and FPG in both groups did not 
differ significantly in the two final follow-up visits. 
The values of the above-mentioned parameters are 
detailed in Tables IV–VI. 

Table III. Adverse events and complications

Variables BMI  
< 35 kg/m2

BMI  
> 35 kg/m2

Number of cases 30 82

Gastrointestinal leak or fistula 0/30 2/82 (2.4%)

Anastomotic stenosis 1/30 1/82 (1.2%)

Ulceration in anastomosis 3/30 (10%) 5/82 (6.1%)

Wound infection 1/30 (3%) 4/82 (4.9%)

Incisional hernia 0/30 2/82 (2.4%)

Anemia Hb < 10 g% 0/30 2/82 (2.4%)

Pneumonia 0/30 1/82 (1.2%)

Hypoglycemic episode 12/30 (40%) 31/82 (37.8%)

Reoperation 0/30 3/82 (3.6%)^

Endoscopic intervention 1/30 (3%) 2/82 (2.4%)

Intens. conservative treatm. 1/30 (3%)* 2/82 (2.4%)*,#

Extensive vomiting 0/30 1/82 (1.2%)

Dumping 1/30 (3%) 6/82 (7.3%)

Reflux symptoms 0/30 1/82 (1.2%)

Prolonged diarrhea 0/30 4/82 (4.9%)

Malnutrition 0/30 1/82 (1.2%)#

*Patients experienced symptomatic hypoglycemia episode with glucose level 
< 50 mg/dl and required iv fluid administration and diet correction during 
1-day hospital stay; #1 patient required re-hospitalization and parenteral 
and enteral feeding due to symptomatic hypoproteinemia. ̂ One reoperation 
due to leak, 2 due to incisional hernia

Table IV. Glycated hemoglobin (HbA1c) change

HbA1c  –%Δ HbA1c

BMI < 35 
kg/m2

SD BMI > 35 
kg/m2

SD BMI < 35 kg/m2  

vs.  
BMI > 35 kg/m2

p

BMI < 35 
kg/m2

SD BMI > 35 
kg/m2

SD BMI < 35 kg/m2  

vs.  
BMI > 35 kg/m2

p

Base 8.9 0.81 8.8 1.01 0.6269

3 M 6.1 0.49 6.0 0.52 0.3623 31.5 3.58 31.2 2.84 0.5630

6 M 6.0 0.26 5.6 0.24 < 0.0001 32.5 3.41 36.4 3.40 < 0.0001

12 M 5.9 0.15 5.7 0.29 0.0068 33.7 3.20 35.2 3.12 0.0272

24 M 6.0 0.49 5.9 0.37 0.2498 32.5 3.58 33.0 3.58 0.5267

36 M 6.0 1.21 5.8 0.81 0.3222 32.5 4.78 34.1 4.22 0.0893
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The dynamics of change in both diabetic mark-
ers observed in all patients after RYGB paralleled the 
progress in change of BMI. More severe BMI reduc-
tion was obviously observed in the group of individ-
uals with morbid obesity. None of treated patients 
reached the BMI delimited for the underweight (Ta-

ble VII). The dynamics of change in the investigated 
parameters are shown in Figures 1–3.

Discussion

Type 2 diabetes mellitus is supposed to be the 
most rapidly expanding disease worldwide that sig-

Table V. Fasting plasma glucose (FPG) change

FPG  –%Δ FPG

BMI < 35  
kg/m2

SD BMI > 35 
kg/m2

SD BMI < 35 kg/m2  

vs.  
BMI > 35 kg/m2

p

BMI < 35 
kg/m2

SD BMI > 35 
kg/m2

SD BMI < 35 kg/m2  

vs.  
BMI > 35 kg/m2

p

Base 199.1 34.47 190.4 41.91 0.3112

3 M 127.7 24.41 113.4 28.17 0.0154 35.9 3.91 40.4 2.82 0.0010

6 M 111.6 17.48 91.6 8.78 0.0001 43.9 3.30 51.8 3.24 < 0000.1

12 M 98.5 12.47 93.4 10.86 0.0368 50.5 3.40 50.9 3.41 0.5833

24 M 98.4 11.99 96.5 10.18 0.3824 50.6 4.11 49.4 3.82 0.1517

36 M 98.9 14.73 95.2 12.75 0.1950 50.3 5.35 50.0 4.87 0.7791

Table VI. Percentage of patients in laboratory T2DM remission

3 months 6 months 12 months 24 months 36 months

BMI < 35 
kg/m2

BMI > 35 
kg/m2

BMI < 35 
kg/m2

BMI > 35 
kg/m2

BMI < 35 
kg/m2

BMI > 35 
kg/m2

BMI < 35 
kg/m2

BMI > 35 
kg/m2

BMI < 35 
kg/m2

BMI > 35 
kg/m2

FPG < 100 
mg%

5/30 
(16.6%)

41/82 
(50%)

15/30 
(50%)

65/82 
(79.3%)

24/30 
(80%)

68/82
(82.9%)

23/30
(76.6%)

64/82
(78.1%)

23/30
(76.6%)

64/82
(78.1%)

t-Test 0.0028 0.006 0.376 0.387 0.387

HbA1c < 6% 8/30 
(26.7%)

43/82 
(52%)

17/30 
(56.7%)

66/82 
(81%)

24/30 
(80%)

68/82 
(82.9%)

24/30 
(80%)

66/82 
(80.5%)

24/30
(80%)

64/82 
(78.1%)

t-Test 0.0162 0.008 0.376 0.460 0.282

Table VII. Body mass index (BMI) change

BMI  –%Δ BMI

BMI < 35 
kg/m2

SD BMI > 35 
kg/m2

SD BMI < 35 kg/m2  

vs.  
BMI > 35 kg/m2

p

BMI < 35 
kg/m2

SD BMI > 35 
kg/m2

SD BMI < 35 kg/m2  

vs.  
BMI > 35 kg/m2

p

Base 29.1 2.15 44.2 5.49 < 0.00001

3 M 25.8 2.04 36.8 3.98 < 0.00001 11.3 1.89 16.7 1.77 < 0.00001

6 M 24.4 1.78 31.2 4.05 < 0.00001 16.5 1.48 29.4 3.17 < 0.00001

12 M 24.0 1.74 29.1 4.05 < 0.00001 17.5 1.32 34.2 4.37 < 0.00001

24 M 24.9 1.84 28.9 4.54 < 0.00001 14.4 1.34 34.6 4.52 < 0.00001

36 M 25.0 2.11 29.4 5.42 < 0.00001 14.1 2.01 33.5 5.62 < 0.00001
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nificantly impacts morbidity and mortality [2]. Cur-
rently approximately 250 million affected individuals 
require tight glycemic control to minimize the risk of 
consequences of macro- and microvascular changes 
[16, 17]. That number is expected to extend to near-
ly 300 million in the next 20 years [1, 2]. Moreover, 
in the general population the lifetime risk of devel-
oping T2DM is predicted to rise to 20% [2]. Despite 
intense research in pharmacology and introduction of 
advanced multi-agent management, a  large number 
of patients cannot be optimally treated [5, 9, 18, 19]. 
Furthermore, T2DM is usually considered a relentless 
chronic and progressive disease because pharma-
cological treatment cannot ensure a  cure, but only 
a delay in the development of its consequences. The 
alarming prognosis necessitates the search for more 
effective anti-diabetic treatment and the introduction 
of new, promising methods into international guide-
lines to offer potentially complete remission [20]. 

A  significant amount of evidence demonstrates 
that bariatric operations, particularly methods by-
passing the duodenum and part of the jejunum such 
as gastric bypass (RYGB) and biliopancreatic diver-
sion (BPD), rapidly and significantly ameliorate T2DM, 
leading to remission of disease in a majority of cases. 
These observations are not limited to pathologically 
obese patients [21–25]. The results of the two most 
important randomized studies, published in 2012 by 
Schauer et al. and Mingrone et al., highlighted the 
great curative potential of bariatric procedures – 
RYGB and BPD – to be far more effective than tradi-
tional medical treatment [10, 11]. Patients enrolled in 
the studies represented not only the morbidly obese 
diabetics, but also individuals with BMI < 35 kg/m2. 
Although the rate of laboratory remission of treated 
patients with BMI between 25 kg/m2 and 55 kg/m2 

was 50–75%, the dynamics of change in HbA1c and 
FPG were presented as a  cumulative value without 
presenting the results of patients with BMI < 35 kg/m2  

and BMI > 35 kg/m2 [10, 11].
In our study, extraction of the BMI < 35 kg/m2 

group (mean BMI value = 29.1 kg/m2 vs. 44.2 kg/m2 

in BMI > 35 kg/m2 group) allowed us to expose the 
differences in dynamics of change of T2DM resolu-
tion parameters. Although the dynamics of decrease 
of HbA1c and FPG were initially significantly more in-
tense in BMI > 35 kg/m2patients (corresponding with 
higher weight loss), this difference ceased 1 year 
after RYGB. Considering the relatively high percent-
age of patients who demonstrated rapid laboratory 
glycemic control and improvement during hospital 
stay after surgery, it seems that weight loss is not 
the only factor influencing T2DM remission. Bariatric 
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Figure 1. Dynamics of HbA1c change
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surgery therefore seems to have metabolic effects 
independent of weight loss induced changes. The ul-
tra-low caloric diet and the effect of incretins were 
indicated as the most important mechanisms of ear-
ly resolution of hyperglycemia after RYGB unrelated 
to weight loss [26, 27]. The incretins represented 
mainly by glucagon-like peptide 1 (GLP-1) are sup-
posed to be responsible for increase of native insulin 
secretion, suppression of glucagon, improvement of 
peripheral insulin susceptibility and slowed down 
motility of the stomach with concomitant appetite 
reduction [28]. The shortened alimentary tract and 
accelerated passage of non-absorbed nutrients after 
RYGB and BPD induce the activity of these intesti-
nal hormones [27]. Apart from that, the hypothesis 
of anti-incretins inactivation by duodenum bypass 
should also be considered as one of the mechanisms 
leading to resolution of T2DM [26–29].

About 80% of all studied cases regardless of 
BMI demonstrated laboratory complete resolution 
of T2DM 1–3 years after surgery. It means that the 
strict diabetes remission criteria recommended 
by ADA for HbA1c ≤ 6% and FPG ≤ 100 mg% were 
achieved without anti-diabetic medications [14, 15]. 
In the remaining group of patients it was still neces-
sary to continue oral medical treatment or (in only  
3 cases) insulin therapy, but with significantly reduced 
doses. Those patients had initially long-lasting T2DM 
with long-lasting insulin or combined therapy up to  
15 years. One female with BMI 28 kg/m2 in conse-
quence of unintended pregnancy restored the glucose 
intolerance and required insulin therapy 24 months 
after RYGB. However, a few months after delivery the 
glycemia control improved and HbA1c was 6.5% with 
only per oral medications at the last follow-up visit.

Another interesting correlation observed in the 
study was faster and more pronounced remission 
of T2DM in patients with longer biliopancreatic limb 
[30]. This will be a subject of a separate study requir-
ing a larger group of patients. This observation has 
already been addressed by other researchers, but 
the ultimate conclusion is not definitive [8, 9]. 

As found by Fried et al. in a  meta-analysis or 
previously in a reputable SOS study, we believe that 
laboratory remission of T2DM after bariatric surgery 
not only results in normalization of glycemia but 
also prevents complications induced by diabetes 
and reduces the mortality [8, 19, 21].

Presented postoperative complications and ad-
verse effects were analyzed by the surgical team 

progressively. In the last consecutive 60 cases there 
was no complication observed at all. In the BMI < 35 
kg/m2 group no serious complications were noted in 
the perioperative period. That would be consistent 
with the observation that a high BMI is correlated 
with a higher rate of major complications after bar-
iatric procedures [31, 32]. The postoperative hypo-
glycemic episodes reported by almost 40% of pa-
tients were easily controlled with the help of simple 
dietary methods. Only 2 patients (one in each group) 
required 1-day hospital admission with intense in-
travenous glucose supplementation in the early 
postoperative period. Nevertheless, the frequency 
of severe hypoglycemia after RYGB was lower than 
in the same individuals during insulin therapy. Addi-
tionally, the episodes qualitatively compared favor-
ably with the previous events and were described by 
the patients as milder, shorter and easier to control 
with sweet snacks. In the STAMPEDE trial 56% of pa-
tients reported hypoglycemia episodes after RYGB, 
while they were observed in 81% of patients in the 
group treated pharmacologically [10, 33]. 

Even though the mechanism of glycemia regula-
tion after RYGB still seems to be unclear, the clin-
ical observations proved its unquestionable effec-
tiveness with acceptable safety [9, 16, 22, 34–36]. 
It seems certainly that surgical treatment of T2DM 
particularly engaging gastrointestinal bypassing 
methods should not only be the subject of further 
studies but also be considered as a valid therapeutic 
option for mild and morbidly obese diabetic patients.

Conclusions

The short- and mid-term observation of patients 
after RYGB revealed significant weight/BMI reduc-
tion accompanied with T2DM laboratory remission 
of different dynamics in the groups of patients with 
BMI < 35 kg/m2 and BMI > 35 kg/m2. The evalua-
tion of laboratory type 2 diabetes mellitus measures  
3 years after surgery demonstrates high effectiveness 
of surgical treatment in managing T2DM regardless of 
BMI. Considering high both social and economic costs 
of life-long medical treatment of type 2 diabetes and 
its complications, surgical metabolic intervention may 
become a new therapeutic approach. 
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