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Abstract

Objective: To evaluate the effects of one anastomosis gastric bypass (OAGB), Roux-en-Y gastric

bypass (RYGB), and sleeve gastrectomy (SG) on cardiometabolic risk factors (CMRFs) in patients

with severe obesity.

Methods: This retrospective cohort study included patients with severe obesity who had under-

gone OAGB, RYGB, or SG between 2015 and 2017 and follow-up assessments over 12-months.

Results: Among 485 included patients, anthropometric measurements, body composition, fast-

ing blood glucose (FBG), lipid profile, and comorbidities were significantly improved for all three

procedures throughout the follow-up period. Weight, % total weight loss (%TWL), body mass

index, fat mass and fat mass to fat-free mass ratio improvements were higher with RYGB and

OAGB than SG. There were no significant differences between procedures in all other variables.

A significant trend toward remission rate of dyslipidemia and type 2 diabetes mellitus was

observed with all three procedures, with no significant difference between the three groups. %

TWL statistically correlated with fat mass, FBG, and triglycerides.

Conclusions: OAGB, RYGB, and SG had a beneficial impact on CMRFs and comorbidities during

12 months of follow-up. Of note, RYGB and OAGB may result in better outcomes, particularly

anthropometric and body composition indices. Further large-sample, long-term follow-up studies

are required to expand on the present findings.
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Introduction

Obesity has become a major public health
problem with drastic social and economic
consequences requiring the development of
effective treatment strategies to control this
complex disease and its comorbidities.1

Severe obesity, diagnosed as body mass
index (BMI) � 40, or BMI � 35 with
obesity-related comorbidity, is generally
accepted to be a main cardiometabolic
risk factor (CMRF) for chronic diseases,
such as type 2 diabetes mellitus (type 2 dia-
betes), cardiovascular disease (CVD), non-
alcoholic fatty liver disease (NAFLD) and
certain cancers.2,3 Thus, ascertaining the
most efficient strategies to treat severe obe-
sity and control CMRFs may enhance clin-
ical and public health outcomes in this
population.

Bariatric surgery has been proposed as
the most effective therapy for achieving
and maintaining weight loss in the long

term, and has been shown to have signifi-

cant therapeutic effects on obesity-related

comorbidities, such as dyslipidemia, type 2

diabetes, CVD events, and mortality.3–5

Moreover, the long-term improvement in

CMRFs following bariatric surgery is pro-

posed to be partially attributable to the

reduction of body fat mass.6

Among the variety of bariatric surgery

procedures currently available, sleeve gas-

trectomy (SG) and Roux-en-Y gastric

bypass (RYGB) are the most widely used

worldwide.7 SG is a restrictive surgical pro-

cedure with high safety and effectiveness,

leading to weight loss due to favorable hor-

monal changes, caloric restriction, and

appetite suppression; while RYGB has

been regarded as the gold standard for

treating metabolic abnormalities in patients

with severe obesity.8 However, the one

anastomosis gastric bypass (OAGB) proce-

dure has attracted considerable recent
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attention. This procedure was first intro-
duced by Rutledge in 1997 and was
reported to have higher efficiency and
fewer complications versus other bariatric
surgeries.9,10 Despite all the available bar-
iatric surgery procedures and their positive
outcomes, few studies have compared the
impact of different bariatric surgeries on
weight loss and CMRF. Moreover, the lim-
ited research conducted to date has yielded
contradictory findings.11,12 Of note, not
only the procedure but also the patient’s
geographical region appears to play a pivot-
al role in the effectiveness of bariatric sur-
gery,13 and most research has been
conducted in the USA and Europe, with
the effects on populations from other areas
of the world remaining under-investigated.
Therefore, the main aim of the present study
was to evaluate the effects of OAGB,
RYGB, and SG on CMRFs (weight loss,
body composition, blood glucose, and lipid
profile) during 12 months of follow-up in
Iranian patients with severe obesity. A fur-
ther study aim was to evaluate the correla-
tion between the percentage of total weight
loss (%TWL) and changes in CMRFs.

Patients and methods

Study population

Patients with severe obesity were sequen-
tially recruited from Doctors’ referrals and
from The Governmental Hospital of
Tehran University of Medical Science,
Tehran, Iran. The inclusion criteria were
as follows: 18–60 years of age, undergoing
bariatric surgery for the first time, and
having a BMI � 40 or BMI � 35 with
obesity-related comorbidities. Exclusion
criteria comprised taking any medicines
that may affect study variables, including
glucose-lowering and anti-obesity agents,
corticosteroids, and lipid-lowering medica-
tions. Additionally, patients with known
CVD, hypothyroidism, hyperthyroidism,

cancer, liver disease, renal failure, or who

were diagnosed with type 1 or type 2 diabe-

tes mellitus, or dyslipidemia prior to the

study, or other diseases that affect lipid

and glucose metabolism, were excluded.

Study design

This non-randomized retrospective cohort

trial included patients with severe obesity

who had undergone bariatric surgery

between 2015 and 2017 and had been

followed-up for 12 months. Patients were

referred to a medical team that included the

surgeon, endocrinologist, nutritionist, and

psychologist, for bariatric surgery as well as

for routine consultation and assessment.
At 1 month prior to the surgery, all

patients underwent a 1200–1500Kcal/day

diet, based on weight and physical activity

level, to attain a weight loss of 5–10%.

During the first month following surgery,

patients were educated about having a

high protein, low-calorie liquid diet (600–

800Kcal/day). In the second month, solid

ingredients were gradually added to their

diet (800–1000Kcal/day). After that, partic-

ipants were on a low fat, low carbohydrate,

and high protein diet (1000–1200Kcal/

day).14 A trained nutritionist provided

nutritional counseling and education for

bariatric surgery, based on American

Society for Metabolic and Bariatric

Surgery (ASMBS) guidelines.15,16 Patients

received an oral multivitamin, daily, for 3

months and were supplemented with iron,

folate, vitamin B12, and vitamin D accord-

ing to ASMBS guidelines and their require-

ments. Additionally, patients were asked to

undertake walking exercise for 1 month

after surgery and to gradually raise their

speed as tolerated. According to the

American College of Sports Medicine

(ACSM) recommendations, participants

were first asked to walk 150 min/week

and to increase their total walking time to

Tabesh et al. 3



150–200min spread over 3–5 days/week
after 2 months.17

All participants who met the eligibility
criteria were invited to the nutrition clinic
for evaluation of demographic information,
dietary intake, physical activity, biochemical
assessments, comorbidities, anthropometric
measurement, and body composition imme-
diately prior to surgery. Follow-up visits
were scheduled at 1, 3, 6, and 12 months
after surgery. Written informed consent
was obtained from all participants at the
beginning of the study. Ethics approval for
the study was obtained from the Shahid
Beheshti University of Medical Science and
the study was conducted in accordance with
the declaration of Helsinki.

Data collection

Anthropometric measurement and body

composition. Measurements were obtained
at baseline (prior to surgery) and during
the 12-month follow-up period. Weight,
fat mass (FM), and fat-free mass (FFM)
were obtained in light clothes and without
shoes utilizing an Inbody 370 body imped-
ance analyzer (Biospace; Urbandale, IA,
USA) following standard guidelines.18

Patients were asked to fast for 4–5 h,
avoid alcohol for at least 24 h, avoid exer-
cise for at least 12 h, maintain balanced
hydration, and lie down for at least 5 min
prior to measurement. Height was measured
without shoes by a stadiometer (Seca;
Hamburg, Germany) to the nearest 0.5 cm.
BMI was determined as weight (kg) divided
by height squared (kg/m2). Fat mass to fat-
free mass ratio (F2FFMR) was calculated as
FM (kg) divided by FFM (kg). The %
excess weight loss (EWL) and %TWL was
calculated by the following formulas:

%EWL ¼ ð½preoperative weight kgf g
–weight at 12�month follow� up�=
½preoperative weight kgf g
–ideal weight kgf g�Þ � 100

%TWL ¼ ð½preoperative weight kgf g
–weight at 12�month follow� up�=
½preoperativeweight kgf g�Þ � 100

Physical activity. To assess physical activity
levels, an in-person interview was con-
ducted to obtain information from the
daily activity log books at baseline (prior
to surgery) and at 12 months after bariatric
surgery. Exercise intensity was evaluated
using the Borg Scale, a relative scale that
ranges from 6 to 20, in which 6–11 is cate-
gorized as ‘low’, 12–16 as ‘moderate’, and
17–20 as ‘high’ intensity.19

Biochemical assessments. Blood samples (5ml)
were collected in the early morning after 12
hours of fasting, at baseline, and postopera-
tively at 6 and 12 months. Serum was sepa-
rated from whole blood by centrifugation at
1533 g for 10 min, and serum samples were
stored at –80 �C prior to use. Total cholester-
ol (TC), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholester-
ol (LDL-C), and triglycerides (TG) were
determined by standard enzymatic methods
using Pars Azmoon test kits (Parsazmoon,
Tehran, Iran), according to the manufac-
turer’s instructions. Fasting blood glucose
(FBG) was determined by a glucose oxi-
dase–peroxidase method using a Pars
Azmoon test kit (Parsazmoon).

Comorbidities. Type 2 diabetes was defined
as FBG � 126mg/dl, and FBG < 100mg/
dl was defined as healthy. Dyslipidemia
was defined as the presence of the following
criteria: TG > 150mg/dl, LDL-C > 130 mg,
and HDL-C < 40mg/dl in men and
< 50mg/dl in women.20

Statistical analyses

Data were analyzed using SPSS software,
version 20 (IBM; Armonk, NY, USA).
The normality of data distribution was

4 Journal of International Medical Research



assessed by Kolmogorov–Smirnov test.
Descriptive statistics are presented using
mean�SD and frequency (%) for numeric
and categorical data, respectively. Baseline
characteristics were compared between the
three study groups using analysis of vari-
ance (ANOVA) for continuous variables
and v2-test for categorical variables.
Pairwise between-group comparisons were
performed using Tukey’s honestly signifi-
cant difference (HSD) test. One-way repeat-
ed measures ANOVA or Friedman test was
used to compare the mean of markers
between different time categories.
Bonferroni test was used for pairwise com-
parisons between time-points. Baseline
means of markers were compared between
different bariatric surgery procedures using
ANOVA. The linear mixed-effect model
was used to evaluate the impact of opera-
tion type on markers over the study period.
The relationship between %TWL and
CMRF was assessed by Spearman’s corre-
lation coefficient. A P-value < 0.05 was
considered to be statistically significant.

Results

Patient recruitment and baseline
characteristics

Among 647 patients who underwent initial
screening, 162 patients were excluded from
the study due to incomplete records, not
meeting the inclusion criteria, or having
undergone other types of bariatric surgery.
Consequently, a total of 485 patients (394
female and 91 male) were included in the
present study, and 12-month follow-up
records were complete for all patients.

Baseline characteristics are summarised
in Table 1. The overall mean age was
41.66 years, and the mean BMI was
46.06 kg/m2. Of the three different types of
bariatric surgery procedures included in the

study, 244 patients (50.3%) underwent SG,

95 (19.6%) underwent RYGB, and 146

(30.1%) underwent OAGB. There were no

statistically significant differences in demo-

graphic and clinical variables between the

surgery groups at baseline, except patients

who underwent SG had lower weight

(P¼ 0.002), BMI (P¼ 0.01), and FFM

(P¼ 0.006) versus patients in the RYGB

and OAGB groups.

Anthropometric and clinical

characteristics of all patients who

underwent bariatric surgery

Compared with baseline, all patients who

underwent bariatric surgery experienced sig-

nificant reductions in anthropometric and

body composition measurements at 12

months following surgery, including

weight, BMI, %TWL, %EWL, FM, FFM,

and F2FFMR (P< 0.001; Table 2).

Furthermore, lipid profile and FBG signifi-

cantly improved at 12 months after bariatric

surgery compared with baseline (P< 0.001;

Table 2).
Regarding clinical characteristics, 103

patients (21.23%) had type 2 diabetes at base-

line, which dropped to 3 (0.6%) after 12

months. Additionally, 30 patients (6.2%)

had dyslipidemia at baseline, which reduced

to 6 (1.23%) at the 12-month time-point

(Figure 1). Thus, bariatric surgery signifi-

cantly improved hyperglycemia and dyslipi-

demia after 12 months of follow-up

(P< 0.001).
The duration, intensity, and the number

of physical activity sessions per week were

significantly increased after 12 months

(P< 0.05), although this improvement was

not significantly different between the

groups. These results remained significant

after adjustment for sex, age, and physical

activity.
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Changes in anthropometric and clinical
characteristics after different bariatric
surgery procedures

Analyses of the alterations in anthropomet-
ric and body composition variables are
summarized in Table 3, as well as lipid pro-
file and FBG, between SG, RYGB, and
OAGB groups at 12 months following sur-
gery. Reductions in mean weight, BMI,
FM, and F2FFMR at the 12-month
follow-up were significantly different
between the SG group versus the RYGB

and OAGB groups (P< 0.05). Only FM

was significantly different between RYGB

and OAGB (P¼ 0.032). Additionally, %

TWL was significantly higher following

RYGB than SG and OAGB procedures.

The beneficial effects of bariatric surgery pro-

cedures on lipid profile and FBG were not

significantly different between procedures.

Furthermore, the proportions of patients

with remission of dyslipidemia (SG, 2

[0.81%]; RYGB, 2 [2.1%]; and OAGB, 2

[1.36%]) and type 2 diabetes (SG, 1 [0.4%];

Table 1. Baseline characteristics of patients with severe obesity who underwent SG, RYGB or OAGB.

Surgery group

Variable SG RYGB OAGB

Statistical

significance

Sex, male 38 (15.6) 18 (18.9) 35 (24.0) NS

Age, years 41.42� 11.77 43.27� 9.57 41.54� 11.20 NS

Height, m 1.62� 0.09 1.63� 0.09 1.63� 0.10 NS

Weight, kg 118.88� 18.97a 126.90� 20.58 122.97� 18.87 P¼ 0.002

BMI, kg/m2 45� 5.71a 47.07� 5.06 46� 6.15 P¼ 0.010

FM, kg 58.31� 11.44 61.46� 12.12 59.57� 11.93 NS

FFM, kg 60.56� 11.87a 65.43� 13.36 63.40� 15.46 P¼ 0.006

F2FFMR 0.98� 0.19 0.96� 0.26 0.98� 0.24 NS

FBG, mg/dl 113.54� 36.17 110.40� 29.91 112.36� 32.77 NS

TG, mg/dl 160.54� 76.66 149.67� 59.50 168.54� 98.19 NS

TC, mg/dl 200.15� 37.17 197.24� 36.50 201.75� 40.25 NS

LDL-C, mg/dl 110.28� 29.46 110.44� 30.92 114.22� 30.04 NS

HDL-C, mg/dl 49.40� 10.58 49.65� 12.04 49.30� 11.58 NS

Type 2 diabetes (%) 51 (20.9) 17 (17.9) 35 (24.0) NS

Dyslipidemia (%) 15 (6.14) 4 (4.21) 11 (7.5) NS

S/w of physical activity 2.13� 1.07 2.23� 1.27 2.31� 1.11 NS

Min/day of physical activity 18.15� 7.86 16.84� 7.47 17.74� 7.61 NS

Intensity of physical activity (%)

Low 187 (76.64) 69 (72.63) 101 (69.18) NS

Moderate 57 (23.36) 26 (27.37) 45 (30.82)

High 0 (0) 0 (0) 0 (0)

Data presented as mean� SD or n (%) prevalence.

SG, sleeve gastrectomy; RYGB, Roux-en-Y gastric bypass; OAGB, one anastomosis gastric bypass; BMI, body mass index;

FM, fat mass; FFM, fat-free mass; F2FFMR, fat mass to fat-free mass ratio; FBG, fasting blood glucose; TG, triglyceride; TC,

total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; S/w, sessions

per week; Min/day, minutes per day.

Differences in means between the three groups were assessed by analysis of variance. All pairwise between-group

comparisons were performed using Tukey’s honestly significant difference (HSD) test.
aP< 0.05, SG versus RYGB.

NS, no statistically significant between-group differences (P> 0.05).
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RYGB,0 [0%]; and OAGB, 2 [1.36%]) were
not significantly different between the bariat-
ric surgery types (Figure 1). The differences
remained statistically significant after adjust-
ment for sex, age, and physical activity.

Correlations between %TWL and CMRFs

High %TWL was significantly related to
reductions in FM (r¼ 0.120, P¼ 0.008),
FBG (r¼ 0.106, P¼ 0.019), and TG
(r¼ 0.095, P¼ 0.037) in the total study pop-
ulation at 12 months following bariatric sur-
gery (Table 4). In the SG group, statistically
significant correlations were observed
between %TWL and FM (r¼ 0.151,
P¼ 0.018), FFM (r¼ 0.154, P¼ 0.016),
and FBG (r¼ 0.155, P¼ 0.015). No statisti-
cally significant relationships were found
between %TWL and other variables.

Discussion

To the best of our knowledge, this study is
the first to compare the efficacy of OAGB,
RYGB, and SG procedures in the manage-
ment of CMRFs in Middle Eastern popu-
lations. The study revealed that bariatric
surgery procedures may improve obesity-
related risk factors, at least partially, via
modulation of anthropometric and body
composition indices, as well as

improvement in blood glucose and dyslipi-

demia. RYGB and OAGB were shown to be

more effective at reducing weight, BMI,

FM, and F2FFMR compared with SG.

Moreover, RYGB led to greater changes in

FM and%TWL than the OABG procedure.

Additionally, %TWL was shown to be sig-

nificantly correlated with FM, FBS, and TG

over 12 months following bariatric surgery.
At 12 months following surgery, the

mean %TWL was increased by 32% in

the overall study population. Additionally,

the mean weight, BMI and FM were signif-

icantly reduced in the RYGB and OAGB

groups compared with SG at the 12-

month follow-up. The findings of the cur-

rent study are consistent with several stud-

ies that showed RYGB and OAGB may

lead to a more prominent weight loss than

SG. For instance, significantly greater

improvements in %EWL have been

reported after RYGB (77.5%) than SG

(74.8%) after 12 months of follow-up.21

Furthermore, %TWL has been shown to

be significantly higher following OAGB

(38.7%) than following SG (35.7%).22

Despite the increasing use of different bar-

iatric surgery procedures, the main mecha-

nisms behind their effectiveness have not

yet been fully clarified.23 Malabsorption

and calorie intake restriction are not the

Figure 1. Comparison of the proportion of patients with type 2 diabetes mellitus or dyslipidemia following
sleeve gastrectomy (SG), Roux-en-Y gastric bypass (RYGB), or one anastomosis gastric bypass (OAGB) over a
12-month follow-up. Type 2 diabetes mellitus was defined as fasting blood glucose > 126mg/dl; Dyslipidemia
was defined as triglycerides > 150mg/dl, low-density lipoprotein cholesterol > 130mg/dl, and high-density
lipoprotein cholesterol > 40mg/dl in men and > 50mg/dl in women. *P< 0.05, statistically significant differ-
ence versus baseline in each group.
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Table 3. Comparison of cardiometabolic risk factors at a 12-month follow-up between patients with severe
obesity who underwent OAGB, RYGB, or SG.

Statistical significance

Variable

SG versus

RYGB

SG versus

OAGB

RYGB versus

OAGB

SG versus

RYGB

SG versus

OAGB

RYGB versus

OAGB

Weight, kg 5.74� 1.34 4.24� 1.16 –1.49� 1.46 P< 0.001 P< 0.001 NS

BMI, kg/m2 1.87� 0.45 1.43� 0.39 –0.43� 0.49 P< 0.001 P< 0.001 NS

FM, kg 5.69� 1.17 2.94� 2.94 –2.75� 1.28 P< 0.001 P¼ 0.004 P¼ 0.032

FFM, kg –0.05� 0.91 1.30� 0.78 1.35� 0.99 NS NS NS

F2FFMR 0.09� 0.02 0.04� 0.01 –0.04� 0.02 P< 0.001 P¼ 0.029 NS

%EWL –1.62 (1.16) –1.85 (1.01) –0.22 (1.26) NS NS NS

%TWL –2.33� 3.51 –0.68� 0.60 1.65� 0.74 P¼ 0.001 NS P¼ 0.028

FBG, mg/dl –1.38� 3.51 –1.19� 3.04 0.19� 3.83 NS NS NS

TG, mg/dl –11.71� 8.52 5.68� 7.38 17.40� 9.29 NS NS NS

TC, mg/dl –5.62� 4.38 –4.06� 3.79 1.55� 4.77 NS NS NS

LDL-C, mg/dl –5.18� 4.03 0.39� 3.48 5.57� 4.39 NS NS NS

HDL-C, mg/dl –1.14� 1.57 –1.84� 1.35 –0.69 �1.71 NS NS NS

Data presented as mean� SD.

SG, sleeve gastrectomy; RYGB, Roux-en-Y gastric bypass; OAGB, one anastomosis gastric bypass; BMI, body mass index;

FM, fat mass; FFM, fat-free mass; F2FFMR, fat mass to fat-free mass ratio; %EWL, % excessive weight loss; %TWL, % total

of weight loss; FBG, fasting blood glucose; TG, triglyceride, TC, total cholesterol; LDL-C, low-density lipoprotein cho-

lesterol; HDL-C, high-density lipoprotein cholesterol.

NS, no statistically significant between-group difference (P >0.05). Adjusted parameter estimates of operation type using

linear mixed effects model. All parameters adjusted by age and sex.

Table 4. Correlation between %TWL and cardiometabolic risk factors in patients with severe obesity at 12
months following bariatric surgery.

Variable

Total SG RYGB OAGB

r

Statistical

significance r

Statistical

significance r

Statistical

significance r

Statistical

significance

FM –0.120 P¼ 0.008 –0.151 P¼ 0.018 0.165 NS –0.042 NS

FFM 0.024 NS –0.154 P¼ 0.016 –0.064 NS 0.085 NS

F2FFMR –0.079 NS –0.065 NS 0.139 NS –0.086 NS

FBG –0.106 P¼ 0.019 –0.155 P¼ 0.015 –0.194 NS 0.011 NS

TG –0.095 P¼ 0.037 –0.070 NS –0.196 NS –0.154 NS

TC –0.041 NS –0.083 NS 0.090 NS –0.113 NS

LDL-C 0.042 NS –0.041 NS 0.134 NS –0.071 NS

HDL-C 0.009 NS 0.122 NS –0.078 NS –0.141 NS

SG, sleeve gastrectomy; RYGB, Roux-en-Y gastric bypass; OAGB, one anastomosis gastric bypass; FM, fat mass; FFM,

fat-free mass; F2FFMR, fat mass to fat-free mass ratio; %TWL, % total weight loss; FBG, fasting blood glucose; TG, triglyceride;

TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

NS, no statistically significant correlation (P> 0.05; Spearman’s correlation coefficient).
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only effects of bariatric surgery on weight
loss.24,25 Changes in eating behaviors, appe-
tite, taste, olfactory senses, food aversion,
and hormonal changes may cause energy
restriction, which is an important factor in
weight loss after surgery.26,27 However,
according to the present results, RYGB
and OAGB were more effective compared
with SG in terms of anthropometric and
body composition, including weight loss,
BMI, and FM, which may be due to the
malabsorption effects of these two
procedures.11,28

The present study also showed that bar-
iatric surgery could significantly reduce
F2FFMR, and this decrease was greater
in patients who underwent RYGB and
OAGB compared with SG. Moreover,
reductions in F2FFMR were close to statis-
tical significance between RYGB and
OAGB (P¼ 0.061). Because there were no
significant differences in FFM changes
between bariatric surgery procedures,
improvements in F2FFMR may be related
to FM decrements. Indeed, RYGB was
more effective at decreasing FM that the
other surgery types, which may explain
potentially greater improvements in
F2FFMR. Importantly, emerging evidence
indicates that the fat-to-muscle ratio may
predict the risk of diabetes.29

Consequently, the drop in F2FFMR after
bariatric surgery may improve hyperglyce-
mia remission rates.

In the present study, blood glucose con-
centration decreased significantly over 12
months of follow-up. In contrast to our
expectations, no statistically significant dif-
ferences were observed between the three
procedures. There is much evidence to sup-
port the view that, regardless of procedure
type, bariatric surgery is an important strat-
egy for treating diabetes and glycemic con-
trol in patients with severe obesity. In an
investigation of 150 patients with diabetes,
glycemic control in patients who underwent
bariatric surgery was observed to be

significantly greater than in those who
received medical interventions.30

Additionally, no significant difference in
glycemic control was found between SG
and RYGB.30 In a study of 498 patients,
no significant differences were found
between SG, RYGB, and OAGB in terms
of diabetes remission after a 5-year follow-
up.22 In contrast to the present findings,
there is evidence to show that OAGB may
be more beneficial to glucose control than
other procedures.11,31,32 Results of a study
showed that OAGB had higher efficiency in
diabetes treatment and blood sugar control
compared with RYGB after a 6-year
follow-up,32 and in another study, OAGB
was more efficient than SG in terms of dia-
betes remission after 1 year.31 These dis-
crepancies may be associated with
population type, study design, local pattern
of procedure and duration of follow-up.

The question here is whether improve-
ment in blood glucose concentrations is
related to weight loss. According to the pre-
sent results, %TWL and FBG improve-
ment were significantly correlated,
indicating that weight loss has a potential
effect on the improvement of glucose con-
trol. Evidence suggests that weight loss may
improve glucose control and insulin sensi-
tivity, but other mechanisms are implicated.
Indeed, postoperative changes in the gas-
trointestinal tract anatomy may reduce
blood glucose by activating several
gastrointestinal-dependent mechanisms.33

Dyslipidemia is well-established as a
common feature of patients with severe
obesity, and is considered to be the main
CMRF.34 The results of the present study
suggested that lipid profile levels improved
significantly at 12 months after surgery.
However, no significant differences were
observed between the three groups.
Consistent with the present outcomes, the
YOMEGA clinical trial, that investigated
the efficiency of OAGB and RYGB,
showed no significant difference between

10 Journal of International Medical Research



RYGB and OAGB in terms of lipid pro-
file.12 Moreover, similar dyslipidemia
remission rates have been shown between
SG and RYGB after 12 months.35

However, previous studies have indicated
that various bariatric surgery procedures
have different effects on lipid profiles,
where malabsorptive procedures consider-
ably affect LDL-C and TC more than
restrictive procedures.36,37 Indeed, malab-
sorptive procedures may reduce TC and
LDL-C concentrations by decreasing the
absorption area and increasing the choles-
terol turnover.37,38 Furthermore, malab-
sorptive procedures have been claimed not
to affect HDL-C and to even reduce it.39

These procedures have been proposed to
reduce the synthesis of apolipoprotein A1
by increasing the circulation of bile acids
and bypassing the duodenal and part of
jejunum.39

It should be noted that improvements in
glucose hemostasis and lipid profile may be
partially influenced by physical activity.
However, given that physical activity was
similar between the three procedures in
the current study, the probability of bias
by this factor is low. In the present study,
%TWL was found to have an inverse cor-
relation with FM, FBG, and TG, indicating
that weight loss is a potential mechanism in
remission of dyslipidemia in these patients.
Besides weight loss, improved glycemic con-
trol is another important factor presumed
to improve the lipid profile in the present
study. Changes in bile acid metabolism and
intestinal microbiome composition are the
other suggested mechanisms of this
improvement.27

The results of the current study may be
limited by several factors. First, the retro-
spective study design prevented access to
relevant data, such as hemoglobin A1C,
dietary intake, and blood pressure.
Secondly, patients were non-randomly
divided into groups, which may have intro-
duced selection bias. Thirdly, consecutive

sampling led to inconsistency of the propor-

tions between the groups. However, the pre-

sent investigation also had several

strengths. First, patients’ physical activity

was controlled during the follow-up

period, and these confounding factors did

not affect the results of the study. Secondly,

the patients participating in the study did

not take glucose- or lipid-lowering medica-

tions, which reduces potential bias in the

study results.

Conclusion

This study showed that bariatric surgery

resulted in significant improvements in

weight loss, body composition, blood glu-

cose, lipid profile, and comorbidities at 12

months following the procedure. SG,

RYGB and OAGB were all found to be

effective and durable strategies for weight

loss and treatment of comorbidities in

severely obese patients. However, RYGB

and OAGB procedures may be related to

better outcomes in anthropometric and

body composition indices than SG, and

consequently may be considered a favorable

option for patients with severe obesity.

Further studies are required with large

sample sizes and long-term follow-up to

evaluate the efficiency of these procedures

and their outcomes.
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