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Abstract

Background: Surgically induced weight loss is a treatment option for the management of obe-
sity and the related common disorders. This study evaluated the beneficial effects of bariatric
surgery on metabolic profile and the prevalence of metabolic syndrome (MetS) among Iranian
patients. Materials and Methods: A prospective observational study was performed on 26
morbidly obese patients scheduled for bariatric surgery, using laparoscopic Roux-en-Y gastric
bypass (LRYGB). The parameters of hypertension, type 2 diabetes mellitus (T2DM), hyperlip-
idemia, MetS prevalence, and anthropometric measurements of Iranian patients, were recorded,
at the preoperative visit and in follow-ups. The follow-up was performed for a median of 12
months, and the change in MetS prevalence and its componnts were assesed. Results: LRYGB
induced a mean weight loss of 69.0+21.2%, after 12 months. Preoperative MetS was diagnosed
in 21 patients (84%) and decreased to 6 patients (24%) after LRYGB (P=0.001). Likewise, the
prevalence of hypertension was significantly decreased from 76% (pre-LRYGB values) to 20%
(post-LRYGB values) (P=0.001). The prevalence of T2DM was also decreased from 20% to 8%
(P=0.5).Conclusion: According to our results, RYGB produced a rapid and significant weight
loss and improvement in hypertension and MetS within one year but there was a cont roversy about
the improvement of T2DM, in Iranian morbidly obese patients.[GMJ.2014;3(3):167-75]
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Introduction

besity has become a major global con-

cern around the world and is associat-
ed with mortality and also a wide variety of
morbidities [1]. According to thereport of
Kilpi and colleagues, obesity and future obe-
sity-related diseases for nine countries in the
Middle-East are growing in this region which
requires governmental strategic planning for
primary prevention of obesity [2]. In Iran as a
developing country, the overall rate of obesity
was reported about 20% and obesity is more
frequent in women rather than men (30% vs.
17%) [3].
The association of obesity, particularly central
obesity, and increasing risk of cardiovascular
diseases and diabetes mellitus, hasbeen con-
firmed. This association leads to the concept
of metabolic syndrome (MetS) which is a
group of metabolic abnormalities including
hypertension, dyslipidemia, abdominal obe-
sity, and glucose intolerance [4]. Also, mor-
bid obesity which defined as body mass index
(BMI) greater than 40.0 kg/m2, is associated
with MetS. There is a wide variety of treat-
ment modalities for MetS, which will cause
a decrease in morbidity and mortality indices
of morbid obese patients. Lifestyle modifica-
tion is the first step of MetS management but
the bariatric surgery is shown to be the only
sustainable and long-term effective treatment
[6]. In addition, despite the variety of ap-
proaches and techniques for bariatric surgery,
Roux-en-Y gastric bypass (RYGB) is the most
effective bariatric surgery approach [7]. The
RYGB is a combination of both restrictive and
malabsorptive techniques. In this procedure,
the surgeon creates a gastric pouch (25+5 ml),
a 100 cm alimentary limb, a 60 cm biliopan-
creatic loop, and a common loop [8]. Lapa-
roscopic adjustable gastric banding and lapa-
roscopic Roux-en-Y gastric bypass (LRYGB)
are two common types of bariatric surgery.
The prevalence of MetS in Iranian adults is
higher than many countries [9], and according
to the different responses indifferent ethnic-
ities to weight loss strategies, in the present
study we evaluated the impact of LRYGB in-
duced weight loss on improvement of anthro-
pometric characteristics, hypertension, type 2
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diabetes Mellitus (T2DM), and also MetS.
Materials and Methods

Study Setting

This prospective study was performed on
obese patients who were admitted for bar-
iatric surgery, using LRYGB, referring to a
private general hospital, Erfan Hospital, Teh-
ran, Iran, between December 2009 and March
2010. The local Ethics Committee of Tehran
University of Medical Sciences approved the
study protocol. All patients gave their written
informed consent prior to entering the study.
All patients with the age of 18-55 years old,
BMI>40 kg/m?, and those with 35<BMI<40
kg/m? who had an obesity related comorbidity
[10] were included. The patients with previ-
ously proved hepatic diseases (hemochro-
matosis, Wilson’s disease, etc), consumer of
more than 200 cc alcohol weekly, subjects
with positive viral markers (HBsAg positive,
anti-HCV Ab positive and anti-HIV Ab pos-
itive), positive antinuclear antibody (ANA)
(>1:160 cutoff), and those who were on medi-
cations that were related to fatty liver disease,
such as tamoxifen, valproate, amiodarone,
diltiazem, estrogens, corticosteroids, and
methotrexate, were excluded.

Study Protocol

Anthropometric indices (waist circumstance,
hip circumstance, height, and weight), blood
pressure, and biochemical tests were recorded
for all subjects, before bariatric surgery. Bio-
chemical tests were fasting blood sugar (FBS),
glycatedhaemoglobin or hemoglobin Alc
(HbAlc), high-density lipoprotein (HDL),
low-density lipoprotein (LDL), triglyceride
(TG), total cholesterol, and uric acid. Blood
samples were collected under 12 hours fasting
conditions.

The operations were performed by a single
surgeon. The surgeon used five-port technique
for LRYGB surgery. Initially, in supine posi-
tion, the greater omentum was dissected up to
the transverse colon. Subsequently, the small
intestine was transected about 35 cm down
the Treitz ligament to create the biliopancreat-
ic limb. The jejunojejunostomy was made by
anastomosis of the proximal transected head
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to the small intestine, using the side-to-side
technique. The length of the Roux limb was
100-150 cm according to the patient’s obesity
severity. In the next step, the lesser sac was
dissected from the origin of the third artery
in the lesser curvature and the stomach was
transected 4-6 cm down the gastroesopha-
geal junction with 3.5 mm staplers, and then
the trans-section was continued vertically to
the angle of His. The gastrojejunostomy was
made by end-to-side anastomosis and antecol-
icapproach [8].

We followed up the patients for 9 to 18 months
after the surgery.Every month in post opera-
tive visits, the patients were evaluated with
similar tests before the surgery. The last ob-
tained anthropometric indices, physical exam-
ination and laboratory results were considered
as follow-up results.

Medical Definitions

BMI was calculated as the weight (kilograms)
divided by the square of the height (meters).
Excess weight was calculated as preoperative
weight minus ideal weight. Percentage of ex-
cess weight loss (EWL%) was calculated as
[(preoperative weight—postoperative weight)/
(preoperative  weight—ideal weight)]x100
[11]. Diagnosis of MetS was made according
to the International Diabetes Federation (IDF)
definition (Central obesity plus any two of the
following four factors: Hypertriglyceridemia
(TG > 150 mg/dL) or specific treatment for
this lipid abnormality, low HDL levels (val-
ues < 40 mg/dL in males and < 50 mg/dL in
females) or specific treatment for this lipid ab-
normality, systolic blood pressure (SBP)>130
mmHg or diastolic blood pressure (DBP)>85
mmHg or treatment of previously diagnosed
hypertension, fasting plasma glucose>100mg/
dL or previously diagnosed T2DM [12]. Ac-
cording to the latest study on optimal cut-off
points for the diagnosis of MetS in Iran, waist
circumference of 90 cm was considered for
both genders [13]. Normal values for uric acid
were considered up to 7 mg/dL [10].

Statistical Analysis

The Statistical Package of Social Science ver-
sion 16.0 (SPSS, Chicago, Illinois, USA) was
used for data analysis. Student’s Paired T-test
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and McNemar’s test were used for compari-
son between operative measures for continu-
ous and categorical variables, respectively. A
two-sided P value less than 0.05 was consid-
ered as statistically significant for all tests. All
Data are expressed as mean£SD.

Results

At first, twenty six morbidly obese patients
were included. One patient excluded from
the study because of diagnosis of new onset
hepatitis C during follow-up visits. Finally,
25 patients including 20 females (80%) and
five males (20%) with mean age of 35.0+£10.9
years old recruited in the study. The patients
were followed up for 9 to 18 months with the
median follow-up duration of 12 months. The
baseline characteristics and obesity related
comorbidities of the patients are shown in Ta-
ble-1.

The preoperative and postoperative changes
in weight, anthropometric indices, metabol-
ic parameters and MetS, hypertension and
T2DM, were presented in Table-2.

Table 1. Baseline characteristics and obesity relat-
ed comorbidities.

Characteristic Value
Age (yr) 35.0+10.9
Female/Male ratio 20/5
Weight (kg) 123.5+30.2
Excess body weight (Kg) 55.3+24.8
BMI (kg/m?) 449+74
Waist circumferences (cm) 128.9+20.3
Hip circumferences (cm) 143.2 £16.7
Hyperuricemia(n), % 4 (16%)
Hypertriglyceridemia (n), % 14 (56%)
Hypercholesterolemia (n), % 11 (44%)
Low HDL (n), % 16 (64%)
Metabolic syndrome (n), % 21 (84%)
Hypertension (n), % 19 (76%)
Diabetes Mellitus (n), % 5 (20%)

BMI: Body Mass Index
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After LRYGB surgery, mean percentage of
body weight loss (BWL), was 28.8 + 8.2% (P
<0.001) and mean EWL% was 69.0 + 21.2%.
Before Surgery, mean plasma levels of HbAlc
in diabetic patients were 7.0 + 0.8% and have
shown significant postoperative reduction, 5.7
+ 0.8% (P=0.003).

Postoperative changes in the prevalence of
obesity related comorbidities, at the end of
follow-ups, were represented in Table-2.
Before and after the surgery, respectively, four
patients (16%) and 12 patients (48%) had two
criteria of MetS, 10 patients (40%) and four
patients (16%) had three criteria, seven pa-
tients (28%) and two patients (8%) had four,
and four patients (16%) and two patients(8%),
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met complete five IDF criteria of MetS. The
MetS significantly reduced after surgically
induced weight loss (P=0.001). After surgery,
five patients had only one criterion (20%) of
MetS.

Discussion

The present study showed that weight loss
induced by LRYGB improves hypertension,
T2DM, metabolic parameters and also reduc-
es the prevalence of MetS in morbidly obese
patients.

By conventional treatments for obesity (diet
therapy, exercise, behavioral modification,
and drug induced weight loss) more than

Table 2. Preoperative and Postoperative Changes in Weight, Anthropometric Indices, Metabolic Parameters

and the Prevalence of Obesity Related Comorbidities.

Before Surgery After surgery

Metabolic Parameters (Mean + SD) (Mean = SD) P value*
Weight (kg) 123.5+£30.2 86.9+17.7 <0.001
BMI (kg/m?) 449+ 74 31.8+4.8 <0.001
Waist Circumference (cm) 128.9+£20.3 983+11.8 <0.001
Hip Circumference (cm) 143.2+16.7 1143+11.3 <0.001
SBP (mm Hg) 1348 £19.7 121.5+14.2 <0.001
DBP (mm Hg) 84.3+20.0 75.3+£10.2 0.005
FBS (mg/dL) 101.4+£13.5 91.5+17.3 0.001
HbAlc 59+0.8 53+0.5 0.001
LDL Cholesterol (mg/dL) 110.3+22.0 97.9+14.5 0.016
HDL Cholesterol (mg/dL) 449+173 49.4+57 <0.001
Triglyceride (mg/dL) 169.9 +78.9 138.9 £ 36.8 0.017
Total Cholesterol (mg/dL) 194.9 +£33.6 164.6 +£24.6 <0.001
Prevalence of Obesity Related Comorbidities N (%) N (%) P value*
Metabolic Syndrome 21 (84%) 7 (28%) 0.001
Hypertension 19 (76%) 5(20%) 0.001
Diabetes Mellitus 5(20%) 2 (8%) 0.5
Hyperuricemia 4 (16%) 2 (8%) 0.625
Low HDL Cholesterol 16 (64%) 11 (44%) 0.125
Hypercholesterolemia 11 (44%) 3 (12%) 0.031
Hypertrigeliceridemia 14 (56%) 11 (44%) 0.625

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; FBS: fasting blood
sugar, HbA1c:Hemoglobin A1c, LDL: low-density lipoprotein, HDL: high-density lipoprotein.

* P<0.05
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95% of patients cannot maintain the optimal
weight and any changes drop back to the pre-
vious weight in long-term [14-17]. Treatment
of obesity should lead to achieve and maintain
a clinically meaningful weight loss as well as
reducing risk and severity of obesity related
disorders and also reduced the metabolic im-
pairments [18]. Bariatric surgery is the only
long-term effective approach for weight loss
in severely obese patients which provides
improvement or complete resolution of obe-
sity related comorbidities such as diabetes,
hypertension, and dyslipidemia in many pa-
tients.Nowadays, Many surgeons consider
the LRYGB to be the bariatric procedure of
choice. [19].

Weight loss

Adequate BWL after LRYGB was reported
from 35% after 6 months to 65% to 75% of
EWLY%, between 12 and 18 months postop-
eratively. Our results showed a reduction of
69.0% of EWL% in a median follow-up time
of 12 months. DeMaria et al. reported 70%
reduction of EWL% one year after LRYGB
[20], and Higa et al. study showed 69% reduc-
tion of EWL% one year after LRYGB [21].
Another study reported excess BMI loss per-
centage of 72.2%, one year after LRYGB [22].

Metabolic syndrome

Prevalence of the MetS in obese people varies
a lot mostly because of ethnicity differences
[23]. Our data have shown the high prevalence
of MetS among morbidly obese individuals
from Iran, in comparison with other countries’
studies [4, 24-26]. Recent studies appraise the
higher prevalence of MetS in Middle-East re-
gion [27]. Prevalence of MetS in general pop-
ulation of Iran is 29% [13], which in our study,
LRYGB caused a statistically significant re-
duction in prevalence of MetS from 84% to
28% of patients. In concert with our finding,
Rossi et al. in a study on140 patients found a
42.8% decrease in MetS prevalence 6 months
after LRYGB [24]. In a 12-months follow-up
of twenty morbidly obese women after gastric
banding, none of 11 patients diagnosed with
MetS before surgery, met the criteria at the
end of follow-up time [28].

In another study by Madan et al., on 53 pa-
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tients with MetS who underwent a laparo-
scopic gastric bypass procedure, only one pa-
tient had MetS after one year follow-up [4].
In addition to overall obesity, central adipos-
ity (or abdominal obesity) is an important
cause of metabolic profile impairment and
leads to raised blood pressure, raised fasting
plasma glucose, and dyslipidemia, that char-
acterize the MetS [29-30]. Several studies
demonstrated that waist circumference and
high level of visceral fat are strongly asso-
ciated with deterioration of SBP, fasting and
2-hour postprandial plasma glucose, HDL,
LDL, TG, and insulin resistance [31-32]. Pre-
viously, it has been presumed that improve-
ments in the metabolic profile are a secondary
consequence of the bariatric surgery, resulting
from reduction in adiposity. However, recent
observations of dramatic resolution of clinical
and biochemical manifestations of MetS have
given raise to the postulation of the hypothesis
that the effects of bariatric operations are not
only stemming from forced caloric restriction
and weight reduction but more sophisticated
neurohormonal mechanisms are also at work.
Indeed, bariatric surgery is now believed to be
a metabolic surgery [33-34].

Hypertension

Our results showed a 56% rate of resolution
of high blood pressure after surgery. Along
with our observations, several studies have
demonstrated the effect of gastric bypass on
normalizing blood pressure and specifically
SBP in hypertensive obese patients in all age
groups [35-36]. A meta-analysis by Buchwald
et al. in 2004 demonstrated a 61.4% rate of
resolution of high blood pressure and 78.5%
improvement in high blood pressure after
bariatric surgery [19]. In a study on 140 mor-
bidly obese patients, the prevalence of high
blood pressure reduced from 47.1% to 15%,
just six months after LRYGB [37].A number
of hormonal and anti-inflammatory pathways,
induced by reduction of adipose tissue, have
been considered to play role in normalizing
the high blood pressure after bariatric surgery
[38].

Diabetes mellitus and hyperglycemia
Resolution of T2DM after bariatric surgical
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procedures has been subjected to expensive
research in the past decade and generally, trials
reported favorable rapid results. In the present
study, 5 patients were diagnosed with T2DM
before surgery, and although not statistically
significant, but only two patients had T2DM
postoperatively, at the end of follow-ups.
The mean FBS level of patients significantly
dropped from 101.4 to 91.5 mg/dL 12 months
after LRYGB. In a meta-analysis of 22,094
morbidly obese patients, Buchwald et al. re-
ported that T2DM was resolved in 77% of pa-
tients [19]. Moreover, in analysis of the bar-
iatric outcomes longitudinal database in the
United States, remission of diabetes occurred
in 62.2% of patients diagnosed with MetS 12
months after gastric bypass [39]. Additionally,
in a 5-year follow-up of 191 morbidly obese
patients with T2DM or impaired fasting glu-
cose, a significant decrease in fasting plasma
glucose from 187 to 100 mg/dL was reported
[40]. Probablyin the present study, our fol-
low-up duration was short to find a significant
reduction in prevalence of T2DM.

The exact mechanisms responsible for gluco-
secontrol after bariatric surgery are not still
clearly identified. The percentage of T2DM
resolution is directly associated withpercent-
age of loss of excess body weight [41], how-
ever, T2DM can be resolved after intestinal
surgery with minimal or no weight loss [42-
43]. Of course, evidence suggests that alter-
ations in the secretion of intestinal hormones
play an important role in control of plasma
glucose levels and resolution of T2DM after
bariatric and metabolic procedures [33].

Dyslipidemia

The loss of weight, after bariatric surgery
is accompanied by improvement of obesi-
ty related comorbidities including dyslipid-
emia [44]. Any techniques of gastric bypass
procedure, breaks the enterohepatic cycle
of cholesterol and biliary salts and increas-
es the cholesterol synthesis and cholesterol
turn over. Finally, there is a decrease in the
plasma cholesterol levels [45]. In our study,
12 months after LRYGB, the prevalence of
hypertriglyceridemia, hypercholesterolemia,
and low HDL levels, decreased 12%, 32%,
and 20%, respectively. Along with our results,
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a study of 140 morbidly obese individuals,
showed a 39.3% decrease in hypercholester-
olemia and 36.4% decrease in hypertriglycer-
idemia, after six months from LRYGB [24].
A meta-analysis in 2004 revealed a 79.3%
overall improvement in dyslipidemic patients,
following bariatric surgery [19]. According to
bariatric outcomes longitudinal database, pa-
tients with MetS showed a 44.9% remission
of dyslipidemia, after 12 months from gastric
bypass [39].

Cardiovascular disease (CVD) is another re-
lated comorbidity of morbid obesity which
the present study did not assess the impact
of LRYGB on that. According to recent de-
cade studies, increased inflammation could be
considered to play a key rolein the pathophys-
iology of atherosclerosis and CVD and sev-
eral large-scale studies have documented that
C-reactive protein (CRP) is a strong indepen-
dent predictor of future CVD and/or stroke
and demonstrated that raised CRP in associ-
ation with hyperinsulinemia is a risk factor
for CVD [46,47]. According to Koppeet al.,
weight loss can decrease the insulin resistance
and hyperinsulinemia; moreover,the decrease
in BMI is associated with the decrease in CRP
[48]. According to our knowledge, there was
not any evaluation on the impact of LRYGB
on the prevalence of CVD. It is seems valu-
able to considertheeffects of bariatric surgery
on CRP levels and insulin resistance inmor-
bidly obese patients as the future studies.
Moreover the nutritional status, physical ac-
tivity and the socioeconomic status of the pa-
tients was not considered in the present study.
Mentioned criteria can modify the indices of
postoperative MetS in morbid obese patients.

Conclusion

Our results suggest that LRYGB leads to a sig-
nificant improvement in anthropometric mea-
surements and metabolic profile of morbidly
obese patients from Iran. The potential effect
of bariatric surgery on resolution of metabol-
ic disturbances canplay an important role in
treatment of MetS and not only the morbid
obesity. Longer follow-up is needed in order
to evaluate the long-term effects of LRYGB
on weight loss maintenance, the possibility of
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weight regain, and also the improvement of
metabolic profile.
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