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Introduction

Metabolic/bariatric surgery has been developing 
intensely as a  method of treating obesity and its 

systemic consequences. Among available surgical 
approaches, laparoscopic sleeve gastrectomy (LSG) 
is worth attention due to satisfactory body mass 
reduction and amelioration of co-morbidities. It is 
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A b s t r a c t

Introduction: Laparoscopic sleeve gastrectomy (LSG) is recently a leading method in surgical treatment of morbid 
obesity. The metabolic outcome of intervention may be a result of many factors such as age, gender, preoperative 
weight loss and dietary restrictions.
Aim: To evaluate gender-related differences in the results of LSG in 6-month follow-up.
Material and methods: The study included 101 patients who underwent LSG at the University Clinical Hospital of 
Bialystok. Patients were divided and analyzed in 2 groups: males (n = 48) and females (n = 53). The primary analysis 
included the influence of gender on postoperative weight loss calculated using the percentage of excess weight loss 
(%EWL) and excess BMI loss (%EBMIL). For secondary outcomes the levels of glucose, insulin, glycated hemoglobin, 
aspartate transaminase, alanine transaminase, total cholesterol, high-density lipoprotein (HDL), low-density lipopro-
tein (LDL), triglycerides and C-reactive protein were analyzed.
Results: A significant influence of patients’ gender was proved for both %EWL (p = 0.026) and %EBMIL (p = 0.001). 
Females had significantly higher %EWL in 6-month follow-up than males (p = 0.0034). The analysis also showed 
significantly higher %EBMIL for women at 3 and 6 months observation (p = 0.022 and p < 0.001 respectively).
Conclusions: Laparoscopic sleeve gastrectomy is an effective method of obesity treatment especially in terms of 
postoperative weight loss. Females seem to benefit more from the procedure when analyzing the parameters of body 
mass reduction. However, further research is needed to provide strong evidence of an association between gender 
and the results of LSG.
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the most common bariatric procedure performed in 
Poland [1]. The final effect of treatment is a  result 
of stomach volume reduction and, in consequence, 
restriction of food intake. Furthermore, recent re-
search suggests that resection of the major part of 
a stomach (the fundus and body) leads to significant 
changes in gastrointestinal tract peristalsis, as well 
as neurohormonal and carbohydrate-fat balance 
[2–4]. Long-term metabolic effects depend on many 
factors and most of them are still unknown. The 
differences in outcomes of bariatric surgery may be 
the results of the patients’ gender, age, physical ac-
tivity, preoperative weight loss and compliance with 
dietary recommendations. However, no clear conclu-
sions regarding factors influencing the effect of LSG 
have been established. 

Aim

The research has been conducted to evaluate 
gender-related differences in the results of laparo-
scopic sleeve gastrectomy in 6-month follow-up. 

Material and methods

The study group included 101 patients who un-
derwent surgery between January 2012 and Decem-
ber 2014. All patients provided written informed 
consent prior to the study and additional written 
informed consent was obtained before the surgical 
procedure. The study was approved by the Ethics 
Committee of the Medical University of Bialystok, 
Poland (No. R-I-002/438/2014) in accordance with 
the guidelines of the Helsinki Declaration and its lat-
er amendments.

Inclusion criteria for the surgical procedure were 
failure of weight loss after conservative treatment, 
body mass index (BMI) ≥ 40.0 kg/m2 or ≥ 35.0 kg/m2 
with the presence of obesity-related co-morbidities, 
no alcohol or drug abuse as well as no active psy-
chosis. All qualified patients underwent laparoscopic 
sleeve gastrectomy performed by the same operating 
team – the operator and 2 assistants. The procedure 
included dissection of the major curvature that start-
ed 2 or 6 cm from the pylorus and continued toward 
the left crus of diaphragm. 32 Fr or 40 Fr calibrating 
tubes were used to control the diameter of the re-
maining stomach. As the final step the leak test was 
performed using a 5% glucose solution and air.

The primary endpoint of the study was the in-
fluence of patient’s gender on postoperative weight 

loss. Secondary outcomes were differences in labo-
ratory test results observed in the postoperative pe-
riod with regard to patient’s gender. Patients were 
divided and analyzed in two groups: males vs. fe-
males.

Data were collected before the surgery, as well 
as 1, 3 and 6 months postoperatively. The measure-
ments included body mass, BMI, fasting glucose 
and insulin concentrations, glycated hemoglobin 
level (HbA1c), alanine aminotransferase (ALT), as-
partate aminotransferase (AST), total cholesterol 
and its fractions, triglycerides, and C-reactive pro-
tein (CRP).

The calculation of the percentage of excess 
weight loss (%EWL), the percentage of excess BMI 
loss (%EBMIL) and the homeostatic model assess-
ment of insulin resistance index (HOMA-IR) was per-
formed using the following formulas:
1)  %EWL = (body mass before the surgery – body 

mass during follow-up)/(body mass before the 
surgery – ideal body mass) × 100.
 In order to calculate ideal body mass, the follow-
ing formulas were applied:

–  Ideal body mass for woman = (height in cm – 100) – 
((height in cm – 150)/2),

–  Ideal body mass for man = (height in cm – 100) – 
((height in cm – 150)/4).

2)  %EBMIL = (BMI before the surgery – BMI during 
follow-up)/(BMI before the surgery – 25) × 100.

3)  HOMA-IR = glucose level (mg/dl)* insulin concen-
tration (mU/l)/405; result > 2.6 confirmed insulin 
resistance.

Statistical analysis

Data analysis was conducted using Statistica 
v13.5 (StatSoft Inc., Tulsa, Oklahoma, USA). Con-
tinuous variables with normal distribution are pre-
sented as mean, standard deviation (SD) and 95% 
confidence interval (95% CI). Skewed variables are 
presented as median with inter-quartile range (IQR). 
Student’s t test was used to compare continuous 
variables between groups or the Mann-Whitney 
test for skewed ones. Dichotomous variables were 
analyzed with Pearson’s c2 test. For repetitive ob-
servations, the repetitive measurements ANOVA 
with post-hoc Tukey’s test was used. In the case of 
skewed variables, Friedman’s ANOVA with its post-
hoc test was used. A p-value of < 0.05 was consid-
ered to be statistically significant.
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Results
Material

The cohort included 101 patients with the av-
erage age of 43 years. Women accounted for 
52% of the cohort (n = 53), men for 48% (n = 48).  
The characteristics of the groups are presented in 
Table I. Patients reported a  number of co-morbidi-
ties preoperatively, of which the most common were: 
type 2 diabetes (6 women – 11%, 11 men – 23%), 
depression (14 women – 26%, 7 men – 15%), hy-
pertension (13 women – 25%, 12 men – 25%) and 
dyslipidemia (5 women – 9%, 7 men – 15%). 

Preoperative differences

As presented in Table I, age did not differ between 
males and females. Males had significantly higher 

body mass and BMI. Operative technique distribu-
tion was comparable between groups in Pearson’s 
c2 test. Males presented with significantly higher 
glucose and insulin level; therefore also HOMA-IR 
was higher in male patients. Median triglycerides, 
ALT and AST were also significantly higher in male 
patients (Table I).

Primary outcome

The influence of patient’s gender and operative 
technique was examined in repetitive measure-
ments ANOVA of %EWL and %EBMIL, as presented in 
Table II. Main effects of repetitive measures ANOVA 
showed significant changes between measures both 
for %EWL (p < 0.001) and %EBMIL (p < 0.001), as 
well as a significant influence of patient’s gender on 
it (for %EWL p = 0.026, and for %EBMIL p = 0.001). 

Table I. Characteristics of group differences at the time of LSG

Parameter Females Males P-value

N (%) 53 (52%) 48 (48%) n/a

Age, mean ± SD [years] 40.8 ±11.24 43.48 ±10.16 0.216

Body weight, mean ± SD [kg] 124.70 ±17.94 155.48 ±24.86 < 0.001

BMI, mean ± SD [kg/m2] 45.75 ±7.16 50.05 ±7.75 0.005

Operative technique, n (%): 0.387

2 cm and 32 Fr 14 (26%) 12 (25%)

2 cm and 40 Fr 9 (17%) 15 (31%)

6 cm and 32 Fr 15 (28%) 11 (23%)

6 cm and 40 Fr 15 (28%) 10 (21%)

Insulin, median (IQR) [µU/dl] 16.80 (12.70–26.40) 23.10 (16.00–41.30) 0.007

Glucose, median (IQR) [IU/l] 102.00 (95.00–108.00) 112.00 (99.00–130.50) 0.002

HOMA-IR, median (IQR) 4.10 (3.11–6.58) 6.49 (3.99–12.81) 0.001

CRP, median (IQR) [mg/l] 6.40 (3.60–9.30) 7.92 (4.10–13.20) 0.535

HbA1c, median (IQR) % 5.60 (5.40–5.90) 5.80 (5.40–6.13) 0.285

Cholesterol, mean ± SD [mg/dl] 203.89 ±34.42 203.40 ±37.55 0.540

LDL, mean ± SD [mg/dl] 138.60 ±34.25 138.5 ±36.11 0.708

HDL, median (IQR) [mg/dl] 45.00 (38.00–54.00) 43.00 (36.50–50.50) 0.081

Triglycerides, median (IQR) [mg/dl] 126.00 (101.00–191.00) 165.50 (136.50–207.00) 0.021

ALT, median (IQR) [IU/l] 25.00 (20.00–33.00) 35.00 (29.50–46.00) 0.001

AST, median (IQR) [IU/l] 22.00 (19.00–28.00) 27.50 (20.50–41.00) 0.013

ALT – alanine transaminase, AST – aspartate transaminase, BMI – body mass index, CRP – C-reactive protein, HbA1c – glycated hemoglobin, HDL – high-density 
lipoprotein, HOMA-IR – Homeostatic Model Assessment of Insulin Resistance Index, LDL – low-density lipoprotein.
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Furthermore, post-hoc Tukey’s test was conducted. 
%EWL in 1 month and 3 months did not differ sig-
nificantly between males and females (p = 0.904 
and p = 0.335 respectively). Females had significant-
ly higher %EWL after 6 months (p = 0.034). Means 
of %EWL with 95%CI are presented in Figure 1.  
%EBMIL did not differ between males and females at  
1 month (p = 0.572). Females had significantly high-
er %EBMIL at 3 months and 6 months than males  
(p = 0.022 and p < 0.001 respectively). Operative 
technique did not change %EWL with significant-
ly regard to patients’ gender as a predicting factor  
(p = 0.678). The same was for %EBMIL (p = 0.728) 
(Figure 2).

Secondary outcomes

The analysis of carbohydrate profile showed 
a  statistically significant decrease in glucose lev-
el in both men and women (median value after  
6 months: female – 90 mg/dl, male – 93.00 mg/dl;  
p = 0.001). Among all analyzed additional parame-
ters, the insulin and glucose levels showed statisti-

cally significant changes between  men and women 
(p = 0.031 and p = 0.012 respectively). The assess-
ment of lipid profile indicated statistically signifi-
cant decreases in total cholesterol (p < 0.001), tri-
glycerides (p < 0.001), and LDL (p = 0.05) and an 
increase in HDL level (p < 0.01). The total results 
of repetitive measurements of selected laboratory 
tests are presented in Table III.

Discussion

Due to the fact that obesity is not only a meta-
bolic but also a social and economic issue, the world 
of medicine has been intensively looking for the 
best methods to cope with this problem [5]. World-
wide studies have repeatedly proven that bariatric 
surgery is the most effective treatment of morbid 
obesity and its co-morbidities in both short- and 
long-term observations. Implementation of bariatric 
procedures allows surgeons to achieve satisfactory 
weight loss and improvement in insulin, glucose and 
lipid metabolism [6].

Table II. Repetitive measurements of %EWL and %EBMIL

Gender %EWL 1 month %EWL 3 months %EWL 6 months P-value

Females 21.14 ±7.78 38.64 ±10.84 56.32 ±15.93 0.026

Males 18.61 ±7.19 33.76 ±12.06 49.09 ±16.25

Gender %EBMIL 1 month %EBMIL 3 months %EBMIL 6 months P-value

Females 25.80 ±11.24 47.17 ±15.62 68.73 ±22.98 0.001

Males 20.64 ±8.26 37.33 ±13.47 54.30 ±18.22

%EBMIL – percentage of excess BMI loss, %EWL – percentage of excess weight loss.

%
EW

L

70
65
60
55
50
45
40
35
30
25
20
15
10

 1 3 6
Follow-up [months]

 Males, means with 95% CI     Females, means with 95% CI

Figure 1. Means %EWL with 95%CI in follow-up
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The research examined metabolic differences af-
ter LSG according to the patients’ gender. 

Postoperative dynamics of body mass reduction 
and BMI changes over the examined period were 
calculated using the %EWL and %EBMIL indicators. 
Significant weight loss calculated by %EWL and de-
crease in BMI estimated by %EBMIL were recorded 
in both groups during the observation period. Fe-
males had significantly higher %EWL and %EBMIL 
at 6 months postoperatively than males. Perrone  
et al. described better outcomes in terms of %EB-
MIL in males than in females after LSG in 5-year fol-
low-up, which is opposite to our results. However, we 
observed our patients for a shorter time and the male 
group had a higher BMI preoperatively [7]. Study con-
ducted by Binda et al. showed that lower age and 
preoperative weight loss are conducive to achieving 
higher %EWL, but no differences between genders 
have been found to be essential for the results [8].

A study published by Yuval et al. compared the 
dynamics of changes in body mass of patients af-
ter sleeve gastrectomy with the division into two 
groups depending on the size of the calibrating tube 
(< 40 Fr vs. ≥ 40 Fr) and found no statistically sig-
nificant difference in %EWL [9]. Unsatisfactory body 
mass loss frequently forces surgeons to convert 
the surgical technique to more restrictive one [10]. 
However, there is a lack of clear proof in the world-
wide literature for the statement that application of 
a  smaller calibrating tube is associated with high-
er body mass. Regardless of the technique of LSG, 
lifestyle changes and following doctor’s recommen-
dations result in satisfactory weight loss. Lombardo 
et al. proved that the weight regain rate was lower 
in patients who more frequently participated in fol-
low-up visits [11]. According to the study conducted 
by Stroh et al., men present with higher incidence 
of co-morbidities such as type 2 diabetes, hyperten-
sion and dyslipidemia, which subsequently reduces 
the rate of postoperative amelioration [12]. In our 
study, we observed higher incidence of type 2 diabe-
tes and dyslipidemia in males.

Alignment of disorders of carbohydrate metabo-
lism coexisting with obesity after sleeve gastrecto-
my is mainly related to the reduction of body weight 
[13]. However, it has been proved that the improve-
ment of the glycemic profile, insulin concentration 
or the level of glycated hemoglobin is observed be-
fore significant changes in weight and body com-
position. In our study, the dynamics of changes in 

insulin levels and HOMA-IR were examined, useful 
in the assessment of insulin resistance of peripheral 
tissues and the function of pancreatic beta cells. In 
our study, the largest decrease in insulin level was 
noted after the first month of observation (16.80 
µU/dl vs. 9.00 µU/dl in women and 23.10 µU/dl vs. 
10.85 µU/dl in men). The assessment of HOMA-IR 
between males and females showed normalization 
(values < 2.6) 6 months postoperatively, reaching 
a  median of 1.35 for females and 1.63 for males. 
Rizello et al. observed a  significant decrease of in-
sulin resistance in some patients after sleeve gas-
trectomy 3 days after the surgery [14]. Thus, 15 days 
after the surgery in all patients glucose and insulin 
concentrations in serum as well as HOMA-IR signifi-
cantly decreased before the occurrence of changes 
in body mass. Similar results were obtained by Catoi 
et al., who described a similar decreasing tendency 
in insulin concentration and HOMA-IR 7 days post-
operatively. In their study, statistical significance was 
reached 30 days after the surgery [15]. Sharma et al. 
described a case of a 49-year-old obese patient (BMI 
59 kg/m2) who had shown a fast (14 days after the 
surgery) decrease of insulin concentration, from the 
initial value of 49.5 µU/ml to 16.5 µU/ml. What is 
more, HOMA-IR was 4.6 after 14 days (initial value 
8.82) and after 7 months it normalized to 2.4 [16].

Improvement of carbohydrate profile after sleeve 
gastrectomy is strictly connected with body mass 
reduction and changes in volume of fat tissue. How-
ever, recent studies prove that amelioration occurs 
in the early postoperative period. The explanation of 
this mechanism is probably connected with neuro-
hormonal balance of the gastrointestinal tract. Re-
section of the majority of the stomach is connect-
ed with removal of cells producing ghrelin, which 
occur mostly in the fundus. According to different 
publications, the concentration of this hormone 
decreases after the surgery by 40–50% in compar-
ison to the initial value [17–19]. Research conduct-
ed by Dardzinska et al., who compared the pre- and 
post-prandial changes in both isoforms of ghrelin 
in obese patients showed that sleeve gastrectomy 
leads to a decrease in des-acyl ghrelin levels [20]. In 
consequence, it reduces appetite and glucose con-
centration in serum, increases secretion of insulin 
and lowers insulin resistance. A further mechanism 
explaining the process of carbohydrate metabolism 
improvement is regulation of incretin hormones. The 
influence of bariatric surgery on normalization of 
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glycemia probably explains the hindgut hypothesis, 
which is connected with accelerated contact of food 
with the distal part of the small bowel and as a re-
sult increases secretion of glucagon-like peptide-1 
(GLP-1) and peptide YY (PYY).

It is believed that sleeve gastrectomy is associ-
ated with accelerated stomach emptying from undi-
gested food and its fast passage through the duode-
num and initial part of the small intestine [21, 22]. 
Moreover, after the surgery, decreased secretion of 
hydrochloric acid is observed, which directly stimu-
lates secretion of PYY as well as the peptide releas-
ing gastrin and as a consequence release of GLP-1 
[23]. Karamanakos et al. reported that after sleeve 
gastrectomy both fasting and postprandial concen-
tration of PYY increases significantly and ghrelin 
concentration decreases [19]. Basso et al. observed 
increases of GLP-1 and PYY in the early postopera-
tive period, which is similar to the results of Peterli 
et al. [24, 25]. Increase of PYY and GLP-1 concen-
tration is responsible for reduction of appetite and, 
most importantly, decrease of glucose, restoration 
of insulin sensitivity, glucagon secretion inhibition 
and as a consequence inhibition of hepatic glucone-
ogenesis, which beneficially influences parameters 
of carbohydrate balance until a body mass reduction 
occurs. Wroblewski et al. observed that weight loss 
rather than type of procedure is mostly responsible 
for hormonal variation in obese patients and indi-
cates the leptin level as the best indicator of body 
mass changes [26].

Research has shown that even in 60% of pa-
tients, obesity is connected with steatosis, including 
55% of the pediatric population [27–30]. Despite 
routine abdominal ultrasonography, which accord-
ing to different authors has low sensitivity and spec-
ificity in recognition of liver steatosis, measures of 
aminotransferases activity have been performed in 
all patients [31]. 

In our study group, changes regarding lipid me-
tabolism included increase of HDL and decrease of 
total cholesterol, LDL and triglycerides 6 months 
postoperatively. The increase of HDL cholesterol lev-
el has also been proved in the studies of Zhang et al. 
[32] and Wong et al. [33]. However, there is no rela-
tionship between cholesterol increase and changes 
in body weight.

It is now assumed that fat tissue is responsible 
for homeostasis of the human organism and it is 
an important metabolic organ. Furthermore, in the 

occurrence of insulin resistance, fat tissue macro-
phages play a  significant role and are the source 
of pro- and anti-inflammatory cytokines. A  strong 
correlation was demonstrated in obese patients 
between C-reactive protein concentration in serum 
and BMI, and furthermore, body mass loss causes 
CRP decrease [33–35]. Moreover, a rapid increase of 
CRP in the early postoperative period is a marker of 
complications after LSG [36]. In our examined group, 
the concentration of CRP did not exceed laboratory 
norms in any observation period.

The limitation of our study was selection bias. 
Patients were not matched with respect to baseline 
body mass and BMI, which were significantly high-
er in males. The distribution of coexisting diseases 
was also not comparable. Males were diagnosed 
with type 2 diabetes in 11 (23%) cases, and females 
in 6 (11%) cases, whereas dyslipidemia occurred in 
5 (9%) women and 7 (15%) men. These differenc-
es may affect weight loss outcome and changes in 
metabolic profile parameters after LSG.

Conclusions

Essential changes of %EWL and %EBMIL as well 
as the influence of patients’ gender on the postop-
erative weight loss parameters were observed in 
the study. According to our research, obese females 
benefit more after LSG than obese males in the 
terms of postoperative body mass reduction. The 
study reveals that patients’ gender may be a  pre-
dictor for LSG outcomes. However, further research 
with a larger group and better patients’ selection is 
needed to provide strong evidence of an association 
between gender and results of laparoscopic sleeve 
gastrectomy.
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