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Abstract: The constantly growing incidence of obesity represents a risk of health complications 

for individuals, and is a growing economic burden for health care systems and society. The 

aim of this study was to evaluate the efficacy of bariatric surgery, specifically laparoscopic 

greater curve plication, laparoscopic sleeve gastrectomy, and Roux-en-Y gastric bypass, in 

patients with type 2 diabetes mellitus. The effect of bariatric surgery on the changes in blood 

pressure before, and 12 months after, surgery and in pharmacotherapy in the 12 months after 

surgery was analyzed. For achieving this purpose, 74 patients from the Obesity and Surgery 

Department of Vitkovice Hospital in Ostrava in the Czech Republic, were monitored. They 

were operated in 2011 and 2012. The Bonferroni method was used to test hypotheses about the 

impact of surgery on blood pressure and pharmacotherapy. One year after the surgery, systolic 

and diastolic blood pressure values decreased, both with no statistically significant difference 

between surgery types. Improvement was observed in 68% of cases, with 25% of patients 

discontinuing pharmacotherapy entirely.
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Introduction
There are more than 2.1 billion obese people worldwide, amounting to approximately 

30% of the world population. Further increases are expected in the future, with an 

estimated 50% of the population becoming obese by 2030. Body weight is generally 

assessed with the body mass index (BMI). Excess body weight is defined as a BMI 

between 25.0 and 29.9 kg/m2. A BMI of 30 or higher is considered obesity. Obesity 

affects 2.5 times as many people as malnutrition. Obesity is responsible for 5% of all 

deaths, and its economic impact corresponds to 2.8% of the gross domestic product, 

making its effects comparable to those of smoking, war, and terrorism.1 Obesity not 

only increases the risk of health complications for the individual but increasing obesity 

rates also represent a significant and steadily growing burden for health care systems 

and society as a whole.

Maglione et al2 investigated the outcomes of four surgical procedures in patients 

with a BMI over 30 kg/m2: laparoscopic adjustable gastric banding (LAGB), Roux-en-Y 

gastric bypass (RYGB), biliopancreatic diversion with duodenal switch, and laparo-

scopic sleeve gastrectomy (LSG). These studies confirmed the high efficacy of these 

methods compared to conventional methods and the greater efficacy of RYGB and 

LAGB in providing significant, relatively permanent weight loss. Fried et al3 also 

confirmed the effect of surgical procedures on obesity. Surgery resulted in long-term 

success (ie, lasting 5 years or longer) in over 80% of patients, whereas conservative 

treatment failed in approximately 80% of patients. It has also been shown that metabolic 

surgery significantly decreases mortality among obese patients and also decreases the 
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risk of obesity-related comorbidities.4 The current standard 

therapy for type 2 diabetes mellitus (T2DM) is pharma-

cotherapy. Several randomized controlled trials (RCTs) 

performed in obese patients showed remission of T2DM 

after bariatric surgery. Recent RCTs have shown bariatric 

procedures to produce a similar effect in nonmorbidly and 

nonseverely obese insulin-dependent T2DM patients, sug-

gesting the procedures currently used in bariatric surgery as 

new therapeutic approaches in patients with T2DM.5 Obesity 

is considered a risk factor for the development of T2DM.6 

For patients with class 2 obesity (BMI 35 kg/m2) with 

comorbidities and patients with class 3 obesity (BMI 40 

kg/m2), bariatric surgery is recommended when conservative 

attempts do not result in substantial weight loss. Existing 

evidence, such as that of the DiaSurg study suggest that 

bariatric surgery not only leads to substantial weight loss but 

also to T2DM remission in 42%–78% of patients who have 

undergone bariatric surgery.7,8

The aim of this study is to evaluate the therapeutic effi-

cacy of three bariatric surgery procedures, the laparoscopic 

greater curve plication (LGCP), LSG, and RYGB methods, 

in obese patients with T2DM. The following variables were 

assessed 12  months after surgery and compared to those 

values preoperatively: changes in blood pressure; the effect 

of bariatric therapy on pharmaceutical therapy; and the effect 

of bariatric therapy on T2DM.

Methods
This study evaluated outcomes in 74 patients with T2DM 

who underwent LGCP, LSG, or RYGB in 2011 and 2012 at 

the Obesitology Outpatient Unit and Department of Surgery 

at the Vítkovice Hospital in Ostrava, Czech Republic. Patient 

selection for the surgical treatment of obesity followed 

guidelines of the International Federation for the Surgery of 

Obesity, ie, BMI 40 kg/m2, BMI 35 kg/m2 with associ-

ated comorbidities, or BMI 35 kg/m2 and a medical history 

of weight loss after intensive obesity treatment, followed by 

weight regain.3 For each of the procedures, the following 

hypotheses were tested:

•	 Hypothesis 1: Blood pressure will decrease 12 months 

after surgery, without a significant difference among 

individual procedure groups. The dose of antihyperten-

sive medication will be reduced, commensurate with the 

decrease in blood pressure.

•	 Hypothesis 2: T2DM will improve 12  months after 

surgery, with commensurate dose reduction of oral 

hypoglycemic agents and insulin.

The hypotheses were tested with the Bonferroni method.9 

This method compares the means of all possible pairs, ie, it 

compares I(I–1)/2 pairs. Two median values µ
i
 and µ

j
 then 

differ at the significance level a, if it holds true that:
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where t N Imα ( )−  is the Student distribution quantil and m rep-

resents the number of all possible comparisons, m = I(I–1)/2.

Normality of data distribution was assessed on the basis 

of skewness and kurtosis. Data with normal distribution were 

tested with the paired t-test, while data without normal distri-

bution were tested with the paired Wilcoxon test. The statisti-

cal tests were evaluated at a 5% level of significance.

The research set included 74 patients, 23 men and 51 

women. Patient age ranged from 33 to 70 years, with a mean 

of 52.7±9.12 months. The mean age of the men was 54.2 years 

and that of the women was 52.0 years. The most populous 

group was the 51–60-year bracket, which reflects the fact that 

people of this age are often obese. Moreover, most patients 

who undergo bariatric procedures have obesity of a higher 

class. There were no patients under 30 years of age in the 

study, which corresponds with the fact that occurrence of 

T2DM in the population increases with age. Approximately 

39% of the patients underwent LGCP, 38% underwent RYGB, 

and 23% underwent LSG. The study was approved by the 

ethical committee at the Faculty of Medicine, University 

of Ostrava, in accordance with the ethical standards of the 

Helsinki Declaration of 1975, as revised in 2000. All subjects 

were carefully instructed both verbally and in writing about the 

aims of the study and provided written, informed consent.

Results
The impact of bariatric surgery on T2DM, changes in 

hypertension, and changes in pharmaceutical therapy are 

described.

Changes in hypertension
Blood pressure was recorded before surgery for all patients; 

however, values 12  months after surgery were recorded 

for less than half of them. Average systolic blood pressure 

before surgery for the entire set was 141 mmHg (σ=16.21). 

By 12 months after surgery, blood pressure had decreased 

by 16 mmHg, on average (σ=8.99). One year after LGCP 

and RYGB surgery, the average systolic blood pressure was 

127.9 mmHg (σ=6.99–8.99). LGS patients had an average 

blood pressure of 117.5 mmHg 12  months after surgery 

(σ=8.86). According to the Czech Diabetes Society (CDS),10 

a decrease in blood pressure to below 130/80 mmHg is 
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considered a success in the treatment of hypertensive diabetic 

patients. Average systolic blood pressure values 12 months 

after surgery were below 130 mmHg for all procedure groups. 

Diastolic pressure was 80 mmHg on average (Figure 1).

Blood pressure in 11 of 17 patients (65%) was below 

130/80, and was below 140/90 in an additional five patients 

(29%). Bonferroni comparisons revealed no statistically 

significant differences among individual procedure types in 

blood pressure reduction after surgery.

Changes in pharmaceutical therapy
The last area we investigated was the effect of bariatric 

surgery on pharmaceutical therapy of patients. The research 

set included 74 patients, both men and women. Fifty patients 

had been taking medication for high blood pressure, and 

data about the course of their treatment was recorded 

12 months after surgery for 44 patients. Within the entire set, 

medication was reduced in 68% of cases, and 25% of patients 

discontinued medication altogether. Grouped by surgery type, 

LGCP resulted in medication reduction in 53% of patients, of 

whom 20% discontinued medication altogether. After LSG, 

medication was reduced in 70% of patients, of whom 30% 

discontinued medication altogether. As for RYGB, 79% of 

patients had reduced medication 12 months after surgery, 

and 26% of these had discontinued medication altogether 

(Table 1).

Figure 1 Comparison of average blood pressure values before, and 12 months after surgery.
Abbreviations: LGCP, laparoscopic greater curve plication; LSG, laparoscopic sleeve gastrectomy; RYGB, Roux-en-Y gastric bypass; SBP, systolic blood pressure; DBP, 
diastolic blood pressure.

Table 1 Overview of changes in antihypertensive pharmacotherapy 12 months after the surgery

Type of surgery Changes in antihypertensive pharmacotherapy

0% 49% 50%–99% 100% Total

LGCP
n 7 2 3 3 15
% 46.7 13.3 20.0 20.0 100.0

LSG
n 3 1 3 3 10
% 30.0 10.0 30.0 30.0 100.0

RYGB
n 4 1 9 5 19
% 21.1 5.3 47.4 26.3 100.0

Total
n 14 4 15 11 44
% 31.8 9.1 34.1 25.0 100.0

Symmetry test, P0.001

Notes: Overall, there was a statistically significant difference in the doses of drugs before and after treatment (P,0.001). When evaluating various types of operations, the 
difference in doses of drugs before and after treatment was not significant in LSG (P=0.072), a statistically significant difference was found in other types of operations (LGCP, 
P=0.046; RYGB, P=0.002). In case of types of surgery detected a statistically significant difference (LGCP, P=0.046; RYGB, P=0.002).
Abbreviations: LGCP, laparoscopic greater curve plication; LSG, laparoscopic sleeve gastrectomy; RYGB, Roux-en-Y gastric bypass.
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Of the 74 total patients, 64 used oral hypoglycemic agents 

and 23 used insulin. Data on the use of oral hypoglycemic 

agents 12 months after surgery were recorded for 56 patients. 

Within this set, 82% had reduced medication, and 39% 

had discontinued medication altogether. The CDS (2012)10 

considers a 50% reduction in the use of oral hypoglycemic 

agents a therapeutic success. This reduction was achieved 

by 90%, 81%, and 82% of LGCP, LSG, and RYGB patients, 

respectively (Table 2).

Twenty-three patients in the research set used insulin. All 

of these patients experienced improvement 12 months after 

surgery, and more than half of them had discontinued insulin 

altogether. A 25% reduction in the use of insulin, considered 

a therapeutic success by the CDS (2012), was achieved in all 

patients, regardless of procedure. The RYGB group contained 

the largest proportion of patients using both insulin and oral 

hypoglycemic agents (Table 3).

RYGB yielded a less prominent reduction in oral hypo-

glycemic agents compared to the other procedures. It should 

be noted, however, that discontinuation of insulin alone 

should be considered a success.

Impact of bariatric surgery on T2DM
This section summarizes the results of previous measure-

ments independent of type of surgery. Patients selected for 

the research were diabetics treated with diet, oral antidiabetics 

(OADs), or insulin. The outcome of the treatment was seen 

in only 57 patients 12 months after surgery. Twenty-three 

patients were treated with a combination of insulin and OADs, 

and 34 received only OADs. A complete withdrawal of drugs 

Table 2 Overview of changes taking oral antidiabetic drugs 12 months after surgery

Type of surgery Change in oral antidiabetic 12 months after surgery

0% 49% 50%–99% 100% Total

LGCP
n 2 0 9 10 21
% 9.5 0.0 42.9 47.6 100.0

LSG
n 2 0 6 3 11
% 18.2 0.0 54.5 27.3 100.0

RYGB
n 6 0 9 9 24
% 25.0 0.0 37.5 37.5 100.0

Total
n 10 0 24 22 56
% 17.9 0.0 42.9 39.3 100.0

Symmetry test, P0.001

Notes: The results of statistical calculations show statistically significant differences in all surgery types of P0.001, P0.011, and P0.001 for LGCP, LSG, and RYGB, 
respectively.
Abbreviations: LGCP, laparoscopic greater curve plication; LSG, laparoscopic sleeve gastrectomy; RYGB, Roux-en-Y gastric bypass.

Table 3 Overview of changes in the insulin therapy 12 months after the surgery

Type of surgery Change in insulin 12 months after surgery

0% 49% 50%–99% 100% Total

LGCP
n 0 1 1 2 4
% 0.0 25.0 25.0 50.0 100.0

LSG
n 0 0 2 2 4
% 0.0 0.0 50.0 50.0 100.0

RYGB
n 0 0 7 8 15
% 0.0 0.0 46.7 53.3 100.0

Total
n 0 1 10 12 23
% 0.0 4.3 43.5 52.2 100.0

Symmetry test, P0.001

Abbreviations: LGCP, laparoscopic greater curve plication; LSG, laparoscopic sleeve gastrectomy; RYGB, Roux-en-Y gastric bypass.
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was registered in 19 patients (33.3%), four patients completely 

stopped taking insulin and OADs. Fifteen patients taking 

OADs before surgery stopped taking these drugs 12 months 

from the surgery. Only one diabetic who was taking OADs 

had no changes in health. About 82% of the entire sample 

showed changes in OADs to 50% of the original dose before 

the surgery. About 60% of patients showed changes in insulin 

dose to 25% of the OADs and insulin.

Serum glucose concentration was evaluated in 60 patients 

before and 12 months after surgery. Physiological glucose 

values (,6 mmol/L) were reached by 40 patients, ie, 67% 

of this group, 12 months after surgery. The value of HbA1c 

12  months after the surgery was analyzed in 46 patients, 

values 4.8% were achieved by 38 patients (83%). Approxi-

mately 77% (24 patients out of 31) of the patients achieved 

blood glucose values 6 mmol/L and HbA1c 4.8%. The 

HbA1c values, 12 months after the surgery were 4.8%, 

thus leading to withdrawal of the OADs and insulin in 80% 

of patients (8 out of 10). Nine patients from the complete set 

of ten (90%) achieved remission of diabetes.

Summary
In evaluating the study hypotheses, we can say that 

Hypothesis 1 and 2 showed differences among individual 

bariatric procedures.

Hypothesis 1
Blood pressure will decrease 12 months after surgery, without 

a significant difference among individual procedure groups. 

The dose of antihypertensive drugs will be reduced com-

mensurate with the decrease in blood pressure.

This hypothesis cannot be rejected. One year after sur-

gery, both systolic and diastolic blood pressure values had 

decreased, without a statistically significant difference among 

individual procedure types. For all procedures, blood pres-

sure values remained below 130/80 mmHg 12 months after 

surgery. Within the entire set, 68% of cases had reduced 

their medication, and 25% had discontinued medication 

altogether.

Hypothesis 2
T2DM will improve 12 months after surgery, with a com-

mensurate dose reduction of oral hypoglycemic agents and 

insulin.

One year after surgery, 33% of patients had discon-

tinued oral hypoglycemic agents and insulin altogether. 

Approximately 79% of patients experienced improvement. 

Eighty-three percent of patients had attained the target value 

of HbA
1c

 (4.8%). If discontinuation of insulin and oral 

hypoglycemic agents concurrent with HbA
1c

 levels below 

4.8% are the criteria for diabetes remission, then T2DM 

remission was achieved in eight of ten patients for whom 

data were available. Average HbA
1c

 values decreased below 

4.5% (σ=0.76). T2DM improved. Thus, the hypothesis was 

not rejected.

Discussion
In addition to T2DM and dyslipidemia, many of the patients in 

this study had hypertension. The average systolic blood pres-

sure values 12 months after surgery did not represent a critical 

cardiovascular system load, ie, they had decreased below the 

130 mmHg criterion proposed by the CDS (2012). There was 

no statistically significant difference in mean systolic blood 

pressure change among the individual procedure types. One 

year after surgery, 65% of the set had attained optimal val-

ues (130/80 mmHg), and an additional 29% of the set had 

attained improvement of hypertension (140/90 mmHg). 

These values correlate with the findings of a meta-analysis 

by Buchwald et al,11 who authors reported that optimum 

blood pressure values were attained by 62% of patients  

after bariatric surgery and that an additional 17% improved. 

Sugerman et al12 researched the effect of gastric bypass 

on hypertension. The authors reported that blood pressure 

had returned to normal in 69% of patients 12 months after 

surgery. DePaula et al13 researched the relationship between 

sleeve gastrectomy and hypertension. Their study found that 

88% of patients attained normal blood pressure. Based on 

the abovementioned studies, there exists a correlation, albeit 

slight, between blood pressure values after surgery and the 

type of procedure performed. The fact that no significant dif-

ferences were found between individual procedure groups in 

this study may result from the small number of patients whose 

blood pressure was recorded after bariatric surgery.

One year after surgery, 33% of patients had discontinued 

oral hypoglycemic agents and insulin altogether. Improve-

ment, ie, decrease of oral hypoglycemic agents by at least 

50% and decrease of insulin dose by at least 25% (according 

to the recommendations given by the CDS14), was reported in 

79% of patients. Normal HbA
1c

 levels (4.8%) were attained 

by 83% of patients. These results are similar to those of the 

meta-analysis by Buchwald et al.11 If discontinuation of insu-

lin and oral hypoglycemic agents concurrent with reducing 

HbA
1c

 below 4.8% are considered as the criteria for diabetes 

remission, then T2DM remission was achieved in eight out 

of ten patients for whom data were available. However, if 

remission is defined as HbA
1c

 decrease below 4.8% without 
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discontinuation of medication, as proposed by Svačina,15 

then T2DM remission was achieved by 83% of patients in 

this study. Svačina15 reported that 50% of gastric bypass 

and sleeve gastrectomy patients achieved T2DM remission. 

The other half of the patients experienced improvement in 

diabetes symptoms. All patients discontinued insulin. The 

majority, however, including patients with remission, con-

tinued metformin therapy. The decision not to discontinue 

oral hypoglycemic agents may be made because patients for 

whom surgical therapy is indicated often have diabetes with 

poorer compensation and of longer duration.15

The lack of data on the exact duration of diabetes is 

a disadvantage in this study, because the longer diabetes 

lasts, the lower the probability of remission.15 Adjustments 

in pharmaceutical therapy after surgery also depend on 

the willingness of the patient to address the issue with the 

attending physician. The difference between our results and 

those of Svačina15 could have been caused by this factor.  

A further challenge lies in the lack of consensus in the lit-

erature concerning the definition of T2DM.16

This study did not find statistically significant differences 

among individual procedure types regarding the effect on 

T2DM. However, previous studies have found differences 

among the procedures. Schauer et al17 described one such 

difference between LSG and RYGB. The target HbA
1c

 

value (6%) was attained by 37% patients after LSG and 

by 42% after RYGB. Although the authors stated that there 

was no significant difference between the patient groups for 

the two bariatric procedures, an important fact is that the 

RYGB patients attained this value without any medication, 

whereas 28% of the LSG patients used at least one oral 

hypoglycemic agent. And it was precisely the need for oral 

hypoglycemic agents that decreased significantly after both 

surgery types. There was a 4% decrease in the need for insulin 

in the RYGB group and an 8% decrease in the LSG group. 

From this viewpoint, gastric bypass was more effective for 

diabetes remission.

Boza et al18 studied the effect of gastric bypass on T2DM. 

They reported that 53% of patients achieved full remission, 

an additional 10% achieved partial remission, and 26% had 

an improvement in T2DM. Glycemia changes after LSG were 

described also by Vidal et al.19 More than 75% of patients 

in that study experienced improvement of T2DM within  

3 years of the procedure.

Surgical treatment of T2DM is a subject that has been 

discussed in depth in recent literature.20 Changes in the 

parameters of glucose metabolism in this study were not so 

surprising. Recently, many studies have shown a positive 

effect of LSG on the metabolism of glucose. Peterli et al21 

have proved that, 1 week following LSG, significant hormonal 

changes occur, which are accompanied by increased insulin, 

GLP-1, and PYY levels. Those changes, as well as decreased 

Ghrelin levels can be a guide to explain the changes after 

LSG.22 However, the precise mechanisms responsible for 

these changes have not yet been completely understood. One 

of the explanations for the LSG effect on glucose mechanism 

is its influence on the production of insulinotropic GLP-1 

hormone, secreted mainly by L and K intestinal cells in 

response to the presence of nutrients in the intestine lumina. 

Metabolic interventions (mainly malabsorption) dramati-

cally increase the secretion of certain hormones, usually in 

the proximal parts of intestines, also intervening with the 

enteroinsular axis.23 However, a mere impact of incretins is 

perhaps not the only mechanism of metabolic intervention 

effect. Vagal nerve stimulation is also highly accountable, as 

well as alterations of vagal signals, followed by the effects 

of gastric evacuation capability.

The effect of LGCP on T2DM in this study was described; 

18% of these patients achieved remission and 55% experi-

enced improvement (weight loss summary results). In view 

of the presented findings, and considering the various fac-

tors that influence the results, it is very difficult to make a 

definitive statement about the efficacy of individual bariatric 

procedure types in the treatment of T2DM.
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