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Abstract
Background & Aims—Visceral adipose tissue (VAT) is an important risk factor for the
metabolic complications associated with obesity. Therefore, a reduction in VAT is considered an
important target of obesity therapy. Therefore, we evaluated whether reducing VAT mass by
surgical removal of the omentum, improves insulin sensitivity and metabolic function in obese
patients.

Methods—We conducted: 1) a 12-month randomized controlled trial to determine whether
reduction in VAT by omentectomy in 22 obese subjects enhances Roux-en-Y gastric bypass
(RYGB) surgery-induced improvement in hepatic and skeletal muscle insulin sensitivity, assessed
by using the hyperinsulinemic-euglycemic clamp technique, and 2) a 3-month longitudinal single-
arm study to determine whether laparoscopic omentectomy alone in 7 obese subjects with type 2
diabetes mellitus (T2DM) improves insulin sensitivity, assessed by using the Frequently Sampled
Intravenous Glucose Tolerance Test.

Results—The greater omentum, weighing 0.82 kg (95% CI: 0.67–0.97) was removed from
subjects who had omentectomy in both studies. In study 1, muscle insulin sensitivity (relative
increase in glucose disposal during insulin infusion) approximately doubled and hepatic insulin
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sensitivity increased by ~4-fold at 12 months after RYGB alone and RYGB plus omentectomy
compared with baseline (P<0.001). There were no significant differences between groups
(P>0.87) or group×time interactions (P>0.36). In study 2, surgery had no effect on insulin
sensitivity (P=0.844) and use of diabetes medications.

Conclusions—These results demonstrate that decreasing VAT through omentectomy, whether
performed alone or in combination with RYGB surgery, does not improve metabolic function in
obese patients.
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INTRODUCTION
Increased visceral adipose tissue (VAT) is an important risk factor for many of the
metabolic complications of obesity, including insulin resistance, dyslipidemia, non-alcoholic
fatty liver disease, type 2 diabetes (T2DM) and cardiovascular disease.1–4 These
observations and the anatomical location of VAT, which releases free fatty acids (FFA) and
adipokines directly into the portal vein for delivery to the liver, have led to the concept that
VAT is a primary contributor to the metabolic abnormalities associated with obesity,
particularly insulin resistance.5,6 Therefore, a reduction in VAT has become a key
therapeutic goal in the management of obese patients.6,7 However, the association between
VAT and insulin resistance does not prove causality, and it is possible that the factors
responsible for obesity-related metabolic dysfunction also cause VAT accumulation.8

Surgical removal of the omentum provides an opportunity to directly evaluate the
importance of VAT in the pathogenesis of insulin resistance. VAT is predominantly
comprised of omental and mesenteric fat. Omental fat has the same or even greater potential
for inducing metabolic dysfunction than mesenteric fat. Lipolytic activity is the same or
greater in omental than mesenteric adipocytes9,10 and omental fat is more resistant to
insulin-mediated suppression of lipolysis and has greater gene expression of most pro-
inflammatory adipokines than mesenteric and subcutaneous fat.11,12 Data from studies
conducted in animal models indicate that VAT resection improves insulin sensitivity.13,14

However, two studies conducted in obese patients undergoing bariatric surgery report
contradictory results on the effect of omentectomy on insulin action.15,16 The reason for the
differences between studies could be due to the confounding effect of greater weight loss in
patients who had omentectomy in one study,15 or insensitive measures of insulin action in
the other.16

The purpose of the present study was to determine whether surgical reduction in VAT
through omentectomy has therapeutic metabolic effects in obese persons. Accordingly, we
conducted: 1) a randomized controlled trial to test the hypothesis that removal of omental fat
in obese subjects, in conjunction with Roux-en-Y gastric bypass surgery (RYGB), will cause
a greater improvement in hepatic and skeletal muscle insulin sensitivity than RYGB surgery
alone, and 2) a longitudinal single-arm study to test the hypothesis that removal of omental
fat alone in obese subjects with T2DM will improve insulin sensitivity, β-cell function and
glucose homeostasis.
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METHODS
Participants

Obese men and women between 18 and 60 years old, with or without T2DM, with a body
mass index (BMI) ≥40 kg/m2 or ≥35 kg/m2 plus a co-morbid complication (study 1) or
between 30 and 50 kg/m2 and T2DM (study 2), were recruited from the Center for Surgical
Weight Loss and the Endocrinology clinics at the Vanderbilt University Medical Center
(VUMC), to participate in one of two study protocols conducted between March, 2005 and
December, 2008. In both study protocols, the primary outcome was insulin sensitivity;
secondary outcomes included cardiovascular risk factors and use of diabetes medications.

In study 1, 22 obese adults with a body mass index (BMI) between 39 and 69 kg/m2 were
randomly assigned to undergo standard RYGB surgery (2 men and 9 women, 35–58 years
old, 7 with T2DM, 9 Caucasian and 2 African-American) or RYGB surgery plus
omentectomy (2 men and 9 women, 28–58 years old, 7 with T2DM, 9 Caucasian and 2
African-American), by using a computer-generated randomization code with a permuted
block size of four (supplementary Figure 1). All recruited participants and researchers
involved in the conduct of the study were blinded to treatment.

In study 2, 10 obese adults with T2DM were screened and agreed to have laparoscopic
omentectomy. However, only 7 of these participants (2 men and 5 women, 37–54 years old,
6 Caucasian and 1 Hispanic, BMI between 32 and 43 kg/m2) maintained a stable body
weight (<5% change) and completed the follow-up metabolic studies at 3 months after
surgery; 2 subjects lost and 1 gained more than 5% of body weight and were excluded from
the study because of the confounding effect of this weight change on insulin action.

All participants completed a comprehensive medical evaluation. None had any history or
evidence of metabolic acidosis, positive pregnancy test, or took medications that can affect
metabolism other than diabetes medications. Participants who had T2DM were being treated
with oral hypoglycemic agents; none were taking insulin. All subjects provided written
informed consent before participating in this study, which was approved by the Health
Science Committee of the Institutional Review Board at VUMC (Nashville, TN) and the
Human Research Protection Office of Washington University School of Medicine (St.
Louis, MO).

Study protocol
Study 1: RYGB surgery with or without omentectomy—Body composition
analyses and hyperinsulinemic-euglycemic clamp procedures with isotope tracer infusion
during the basal stage were performed in each subject 10–14 days before RYGB surgery,
and within 11 days of the 6-month and 12-month post-surgery time points. Participants
taking oral diabetes medications were asked to stop taking their medications for 5 days
before admission to the Clinical Research Center (CRC) on each of the three study
occasions. Participants were admitted to the CRC in the evening before the study and given
a standard meal. The following morning, after they fasted overnight, body composition was
assessed by using dual-energy X-ray absorptiometry (GE Lunar Prodigy, Madison, WI).
Total fat mass and fat-free mass were extrapolated from half-body scans17 in subjects who
were wider than the scanning area. A catheter was then inserted into a forearm vein to infuse
high-performance liquid chromatography (HPLC)-purified [3-3H]glucose (PerkinElmer,
Waltham, MA), potassium, dextrose and insulin, and a second catheter was inserted into a
contralateral superficial forearm or hand vein, which was heated to 55°C, by using a
thermostatically controlled box, to obtain arterialized blood samples. A primed, continuous
infusion of [3-3H]glucose (0.14 μCi/min; priming dose: 33 μCi), dissolved in 0.9% NaCl
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solution, was started and maintained for 2.5 h, until the end of the basal period to evaluate
basal glucose kinetics and hepatic insulin sensitivity. Thereafter, an insulin infusion was
started and continued for 2 hours to evaluate muscle insulin sensitivity. The rate of insulin
infusion during the clamp procedure performed before surgery was 2 mU/kg body weight
per min (initiated with a priming dose of 4 mU/kg body weight per min for 8 min). To
account for the surgical weight loss-induced decrease in basal plasma insulin concentration
and increase in insulin clearance,18 the rate of insulin infusion during the clamp procedures
performed after surgery was empirically adjusted upwards in an effort to achieve similar
total insulin infusion rates and plasma insulin concentrations in all studies, in order to
evaluate the effect of surgery on insulin sensitivity independent of changes in insulin
concentrations. Insulin was infused at a rate of 2.75 mU/kg body weight per min (initiated
with a priming dose of 5.5 mU/kg body weight per min for 8 min) at 6 months and 3.1 mU/
kg body weight per min (initiated with a priming dose of 6.2 mU/kg body weight per min
for 8 min) at 12 months after surgery. Euglycemia (~95 mg/dL if fasting blood glucose was
≤110 mg/dL or ~110 mg/dL if fasting blood glucose was >110 mg/dL) was maintained by a
variable infusion of 20% dextrose. Blood samples were obtained every 5 min during the
final 30 min of the basal period to determine plasma glucose specific activity (SA), and
every 15 min (3 samples) during the last 30 min of each stage of the clamp to determine
plasma substrate and insulin concentrations.

After completing the first clamp procedure, subjects underwent laparoscopic RYGB surgery.
The study coordinator notified the surgeon of the randomization assignment (omentectomy
or no omentectomy) at the beginning of the procedure. A small (~25 mL) gastric pouch was
created by using a linear cutting stapler. The vagus nerve trunks were preserved. A Roux-en-
Y gastrojejunostomy with a 30–50 cm biliopancreatic limb and a 100–200 cm Roux limb
was constructed.

Study 2: Omentectomy alone—A frequently sampled intravenous glucose tolerance
test (FSIVGTT) was performed in each subject before and 3 months after laparoscopic
omentectomy. Subjects were asked to stop all medications used to treat lipid disorders and
diabetes for 1 month and 4 days before the study, respectively, on each of the two study
occasions. Participants were admitted to the CRC in the evening before the study and given
a standard meal. The following morning, after an overnight fast, an intravenous catheter was
inserted into each antecubital vein, and a bolus of glucose (0.3 g/kg body weight) was
administered over 1 min. At 20 min after the glucose bolus, a bolus of regular insulin (0.03
U/kg) was given over 5 min. Blood samples were obtained at 15, 10, 5, and 1 min before
and at 2, 3, 4, 5, 6, 8, 10, 14, 19, 22, 25, 30, 50, 70, 100, 140 and 180 min after the glucose
bolus. Immediately after the first FSIVGTT, subjects were transported to the hospital and
underwent laparoscopic omentectomy.

Sample collection and analysis
Blood samples were collected in chilled tubes containing sodium ethylenediamine-tetra-
acetate and placed on ice. Plasma was separated by centrifugation within 30 min of
collection and stored at −80°C until final analyses were performed. Glucose was measured
at bedside by using the glucose oxidase method (Beckman Glucose Analyzer, Fullerton,
CA). Glycosylated hemoglobin was determined immediately after blood collection by using
HPLC and the Variant II Hemoglobin Testing System (Bio-Rad Laboratories Diagnostic
Group, Hercules, CA). Plasma concentrations of insulin and leptin were determined by
radioimmunoassay (Millipore, St. Charles, MO). A multiplex immunoassay based on
Luminex xMAP technology was used to measure plasma adiponectin (Millipore). C-reactive
protein concentrations were determined by a high sensitivity enzyme-linked immunosorbent
assay (Helica Biosystems, Fullerton, CA). FFA concentrations were quantified by using a
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colorimetric assay (Wako Chemicals, Richmond, VA). Serum total cholesterol, low-density
lipoprotein and high-density lipoprotein cholesterol, and triglyceride concentrations were
assayed immediately with ACE reagents and instrumentation (Alfa Wassermann, Caldwell,
NJ). Plasma glucose SA ([3H]glucose/glucose) was determined by measuring glucose
radioactivity in plasma on Symogyi filtrate (1:10 with 4.5% barium hydroxide and 4.5%
zinc sulfate) after evaporation to remove radioactive water.

Calculations
The computerized, updated homeostasis model assessment, based on fasting plasma glucose
and insulin concentrations and improved modeling algorithms, was used to provide an index
of whole-body insulin resistance (HOMA2-IR).19

Study 1—Hepatic insulin sensitivity was assessed by using the Hepatic Insulin Sensitivity
Index (HISI), as the inverse of the product of basal hepatic glucose production rate and
fasting plasma insulin concentration, which has been used as a surrogate measure of insulin-
mediated suppression of endogenous glucose production (EGP) during low-dose insulin
infusion.20 Steady-states were achieved during the last 30 min of the basal period and during
insulin infusion of the clamp procedure. During basal conditions, EGP, i.e., the rate of
appearance of glucose into plasma, was calculated as tracer infusion rate/tracer SA.21

During insulin infusion, glucose disposal is reported as the glucose infusion rate (GIR)
needed to maintain euglycemia, during the last 30 minutes of the clamp procedure. In
addition, the M-value, (glucose disposal rate per kg of body weight), an insulin sensitivity
index (M/I; M-value per unit of plasma insulin) and the metabolic clearance rate (MCR) of
glucose (rate of glucose clearance from plasma) were also calculated to account for
variations in body weight, steady-state insulinemia and glycemia, respectively. Skeletal
muscle insulin sensitivity was determined as the increase in glucose disposal (above basal)
induced by insulin infusion.22

Study 2—The insulin sensitivity index (Si), glucose effectiveness (Sg), and β-cell function
were determined by minimal modeling of the data collected during the FSIVGTT
(MINMOD Millennium, version 5.10; University of Pennsylvania School of Veterinary
Medicine, Kennett Square, PA).23

Statistical analysis
Study data were collected and managed by using REDCap, a research electronic data
capture tool.24 Based on in-house data on the intra-individual variability of glucose kinetics
in the basal state and during insulin infusion in obese persons, a sample size of 11 subjects
per group in Study 1 and 7 subjects in Study 2 would allow us to detect a difference of 22–
25% (effect size: 0.42–0.48) in skeletal muscle insulin sensitivity (i.e., relative increase in
glucose disposal during insulin infusion) and a difference of 20–23% (effect size: 0.47–0.54)
in hepatic insulin sensitivity (i.e., HISI), with an alpha value of 0.05 and power of 80%
(beta = 0.2) for two-sided tests. A difference of this magnitude represents the lower end of
the clinically meaningful observed effect of current treatment strategies for insulin
resistance, such as moderate weight loss25–28 and thiazolidinedione therapy29–31 which
increase hepatic and skeletal muscle insulin sensitivity by 25–50%.

Analyses were carried out with Predictive Analytics Software (PASW), version 18.0.0
(SPSS, Chicago, IL). All data sets were tested for normality according to the Kolmogorov-
Smirnov procedure. Non-normally distributed variables were log-transformed to achieve
normality before all subsequent analyses. Results are reported as means with 95%
confidence intervals. A P value < 0.05 was considered statistically significant.
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The effect of omentectomy in study 1 was assessed by using two-way repeated measures
analysis of variance for fixed effects; group served as the between-subjects factor (RYGB
alone vs. RYGB plus omentectomy) and time served as the within-subjects factor (before vs.
6 vs. 12 months after surgery); differences between time points were assessed with statistical
contrasts. To ensure data were missing at random, key variables and covariates were
evaluated in completers and non-completers at baseline, 6 months and 12 months; no
variables were significantly different between completers and non-completers and the values
were similar in both groups (supplementary Tables 1–3). All drop-outs were due to personal
life issues, and were not related to treatment group, weight loss or clinical outcome,
supporting the assumption that data were missing at random. The effect of omentectomy in
study 2 was evaluated by using Student’s t test for paired samples.

RESULTS
Study 1: RYGB surgery with or without omentectomy

Subjects in the RYGB plus omentectomy group had their greater omentum resected, which
weighed 774 g (570–979 g) or 1.2% (0.6–1.8%) of total body fat.

Body weight and composition—Body weight, BMI, and fat mass decreased after
surgery in both groups, but there were no significant differences between groups (Table 1).
Weight loss from baseline was 27% (25–29%) in both groups at 6 months, and 34% (30–
37%) and 34% (29–39%) in the RYGB alone and RYGB plus omentectomy groups,
respectively, at 12 months.

Metabolic variables and insulin sensitivity—All metabolic variables improved after
RYGB surgery in both groups, but there were no differences between groups or group×time
interactions (Table 1). No significant differences between groups or group×time interactions
were detected with respect to glucose kinetics and insulin sensitivity measures (Table 1 and
Figure 1). Compared with baseline, hepatic insulin sensitivity (HISI) increased ~4-fold, and
skeletal muscle insulin sensitivity (insulin-mediated glucose disposal and the relative
increase in glucose disposal) approximately doubled at 12 months after surgery in both
groups (all P<0.001), with most of the changes being already evident by 6 months (Table 1
and Figure 1). Plasma insulin concentration during the clamp procedure averaged 281 mU/L
(257–304 mU/L) among all studies, and was similar in studies performed before and at 6
and 12 months after surgery (P=0.508) and in both groups (P=0.369), with no significant
interaction (P=0.836).

All diabetes medications were discontinued after RYGB surgery-induced weight loss, with
or without omentectomy, in all subjects with diabetes.

Study 2: Omentectomy alone
The greater omentum was successfully resected in all subjects and weighed 887 g (593–
1181 g). Body weight, metabolic variables and minimal model-derived indices of insulin
sensitivity, glucose effectiveness and β-cell function did not change significantly 3 months
after omentectomy compared with baseline (Table 2 and Figure 2). All subjects were being
treated with diabetes medications before surgery, including metformin, sulfonylureas, and
thiazolidinediones, and remained on the same therapy for 3 months after surgery before the
follow-up metabolic studies were performed.
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DISCUSSION
Although an accumulation of VAT is linked with multiple cardiometabolic risk factors,
particularly insulin resistance,1–3,6 a cause-and-effect relationship has never been
established. Surgical removal of the greater omentum provided an opportunity to test the
hypothesis that omental fat itself contributes to insulin resistance. We found that
omentectomy did not enhance weight loss-induced improvement in hepatic or skeletal
muscle insulin sensitivity in obese subjects who underwent RYGB surgery, and did not
improve insulin sensitivity, glucose effectiveness or β-cell function in obese subjects with
T2DM who remained weight stable. Therefore, the results from the present study suggest
that increased VAT mass is not a major cause of metabolic dysfunction.

An increase in circulating FFA inhibits the ability of insulin to stimulate muscle glucose
uptake and suppress hepatic glucose production.32 Accordingly, it has been hypothesized
that FFA released from VAT, which are delivered directly to the liver, are responsible for
insulin resistance, particularly impaired hepatic insulin action, in patients with abdominal
obesity.6,33 However, only about 20% and 14% of total FFA delivered to the liver and
skeletal muscle, respectively, originate from lipolysis of VAT in obese adults.34,35 Most of
the FFA in the portal vein are derived from lipolysis of subcutaneous fat, which ultimately
enter the portal circulation after passage through the splanchnic bed.36 Therefore, VAT is
not a major source of FFA in either the portal or systemic circulations, and is unlikely to
cause insulin resistance by an FFA-mediated mechanism. These findings are consistent with
our observation that omentectomy does not improve insulin sensitivity or other metabolic
variables. The mechanism responsible for the relationship between VAT and metabolic
dysfunction is not known.

We are aware of two other studies conducted in obese persons that evaluated whether
removal of omental fat can enhance the metabolic benefits of bariatric surgery-induced
weight loss. One study showed no additional effect of omentectomy, compared with RYGB
surgery alone, on the prevalence of hyperglycemia and hyperinsulinemia, evaluated at 24
months after surgery.16 However, insulin sensitivity was not assessed, so it is possible that a
beneficial effect could have been missed within the overall robust effect of weight loss. The
second study found that compared with subjects who underwent open adjustable gastric
banding (AGB) alone, those who had open AGB plus omentectomy had a much greater
improvement in insulin sensitivity, assessed by using an oral glucose tolerance test and an
intravenous insulin tolerance test before and 24 months after surgery.15 In fact, removal of
~600 g of omental fat was associated with more than a 50% greater increase in insulin
sensitivity.15 However, the group who had AGB plus omentectomy experienced more than a
30% greater weight loss than the group who had AGB alone,15 which could have been
responsible for the additional benefit on insulin action. The present studies were designed to
overcome the limitations of previous investigations in order to resolve the controversy
regarding the potential therapeutic effects of omentectomy. In the first study protocol,
weight loss was carefully matched 12 months after surgery in subjects randomized to RYGB
surgery alone and those randomized to RYGB surgery plus omentectomy. In addition,
isotopically labeled glucose tracer infusion and the hyperinsulinemic-euglycemic clamp
procedure were used to provide a sensitive evaluation of hepatic and skeletal muscle insulin
sensitivity. In the second study protocol, the possibility that weight loss might mask a subtle
effect of omentectomy was addressed by evaluating subjects who maintained a stable body
weight for 3 months after the procedure.

An important limitation of our study is that we were only able to remove the greater
omentum, which weighed approximately 0.8 kg. Therefore, it is possible that removing a
greater amount of VAT could have resulted in beneficial metabolic effects. However, we
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believe this is unlikely because our results do not even show a slight improvement in
metabolic function after omentectomy, whereas only 15–25% diet-induced reduction in
VAT is associated with 25–50% increased insulin sensitivity in skeletal muscle and liver.26–
28 Moreover, removing more VAT than the greater omentum is technically difficult and
potentially dangerous. It is also possible that removal of mesenteric fat, rather than omental
fat, would have resulted in a therapeutic metabolic effect. However, data from studies
conducted in adipose tissue obtained from different intra-abdominal depots during surgery
suggest this is unlikely, because lipolytic activity is the same or greater in omental than in
mesenteric adipocytes,9,10 lipolysis is more resistant to suppression by insulin in omental
than mesenteric fat, and gene expression of many pro-inflammatory adipokines is greater in
omental fat than mesenteric and subcutaneous fat.11,12 Therefore, omental fat has the same
or even greater potential for inducing metabolic dysfunction than mesenteric fat. Another
potential limitation of our study is the high insulin infusion rate during the clamp procedure,
which resulted in near-maximal stimulation of glucose disposal; hence we cannot rule out
the possibility that differences in insulin sensitivity might manifest at submaximal insulin
infusion rates.

In conclusion, our data demonstrate that reducing VAT by omentectomy is not a useful
approach for improving insulin sensitivity or the metabolic complications associated with
obesity or diabetes. Our results challenge the notion that the small decrease in VAT that
occurs with weight loss is an important direct contributor to the observed improvement in
insulin sensitivity.6 These results suggest that increased VAT mass is not an important cause
of metabolic dysfunction in obese persons.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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HISI hepatic insulin sensitivity index
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HPLC high-performance liquid chromatography

MCR metabolic clearance rate

RYGB Roux-en-Y gastric bypass surgery

SA specific activity

T2DM type 2 diabetes

VAT visceral adipose tissue

VUMC Vanderbilt University Medical Center
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Figure 1. Effects of bariatric surgery with or without omentectomy on skeletal muscle and
hepatic insulin sensitivity
The relative increase (above basal) in glucose disposal during insulin infusion and the
hepatic insulin sensitivity index were determined at baseline (before surgery), and at 6 and
12 months after Roux-en-Y gastric bypass (RYGB) surgery alone (n=11) or RYGB surgery
plus omentectomy (n=11) in obese subjects with and without type 2 diabetes, by using the
hyperinsulinemic glucose clamp procedure with radioactive tracer infusion. Data for hepatic
insulin sensitivity were log-transformed for analysis. Values are shown as means with 95%
confidence intervals. There were significant main effects of time on skeletal muscle and
hepatic insulin sensitivity (both P<0.001) but no significant differences between groups
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(P=0.897 and P=0.874, respectively) or group×time interactions (P=0.959 and P=0.361,
respectively); *P<0.00002 vs. value before surgery.
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Figure 2. Effects of omentectomy alone on insulin sensitivity and glucose effectiveness
Insulin sensitivity (Si) and glucose effectiveness (Sg) were determined by using the
frequently sampled intravenous glucose tolerance test and minimal model in obese subjects
with type 2 diabetes (n=7) before and 3 months after laparoscopic omentectomy. Data for
glucose effectiveness were log-transformed for analysis. Values are shown as means with
95% confidence intervals. There were no significant differences in Si (P=0.844) or Sg
(P=0.663).
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Table 2

Effect of laparoscopic omentectomy alone on body weight and metabolic variables

Before omentectomy 3 months after omentectomy P value

Weight (kg) 111 (102–120) 110 (99–121) 0.662

Body mass index (kg/m2) 38.0 (33.9–42.2) 37.9 (33.3–42.4) 0.641

Glucose (mg/dL) 164 (128–200) 174 (121–228) 0.534

Insulin (mU/L) 21 (2–39) 19 (3–34) 0.197

HOMA2-IRa 1.9 (1.0–3.9) 1.9 (1.0–3.5) 0.811

Glycosylated hemoglobin (%) 7.0 (6.0–7.9) 7.4 (6.3–8.5) 0.287

Free fatty acids (mmol/L) 0.56 (0.43–0.69) 0.61 (0.47–0.75) 0.412

Total cholesterol (mg/dL) 210 (175–246) 191 (153–228) 0.122

LDL-cholesterol (mg/dL) 119 (87–151) 110 (87–134) 0.475

HDL-cholesterol (mg/dL) 45 (40–50) 41 (38–45) 0.135

Triglyceride (mg/dL) 233 (141–325) 196 (115–277) 0.076

C-reactive protein (μg/mL) 3.1 (0.8–5.4) 3.9 (1.1–6.8) 0.067

Total adiponectin (μg/mL) 9.7 (4.9–14.4) 9.2 (4.0–14.4) 0.457

β-Cell function (mU/mM)a 48 (11–206) 40 (10–159) 0.186

Values are shown as means with 95% confidence intervals for n=7.

a
Data were log-transformed for analysis.

Abbreviations: HOMA2-IR, updated homeostasis model assessment of insulin resistance; LDL, low-density lipoprotein; HDL, high-density
lipoprotein.

To convert the values for glucose to mmol/L, multiply by 0.05551. To convert the values for insulin to pmol/L, multiply by 6. To convert the
values for cholesterol to mmol/L, multiply by 0.0259. To convert the values for triglyceride to mmol/L, multiply by 0.0113.
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