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Abstract Background: The low-grade inflammatory condition present in morbid obesity is thought to play a
causative role in the pathophysiology of insulin resistance (IR). Bariatric surgery fails to improve this
inflammatory condition during the first months after surgery. Considering the close relation between
inflammation and IR, we conducted a study in which insulin sensitivity was measured during the first
months after bariatric surgery. Different methods to measure IR shortly after bariatric surgery have given
inconsistent data. For example, the Homeostatic Model Assessment of Insulin Resistance (HOMA-IR)
levels have been reported to decrease rapidly after bariatric surgery, although clamp techniques have
shown sustained insulin resistance. In the present study, we evaluated the use of steady-state plasma
glucose (SSPG) levels to assess insulin sensitivity 2 months after bariatric surgery.

Methods: Insulin sensitivity was measured using HOMA-IR and SSPG levels in 11 subjects before
surgery and at 26% excess weight loss (approximately 2 months after restrictive bariatric surgery).
Results: The SSPG levels after 26% excess weight loss did not differ from the SSPG levels before
surgery (14.3 £ 5.4 versus 14.4 = 2.7 mmol/L). In contrast, the HOMA-IR values had decreased
significantly (3.59 % 1.99 versus 2.09 * 1.02).

Conclusion: During the first months after restrictive bariatric surgery, we observed a discrepancy
between the HOMA-IR and SSPG levels. In contrast to the HOMA-IR values, the SSPG levels had
not improved, which could be explained by the ongoing inflammatory state after bariatric surgery.
These results suggest that during the first months after restrictive bariatric surgery, HOMA-IR might
not be an adequate marker of insulin sensitivity. (Surg Obes Relat Dis 2010;6:340-346.) © 2010
American Society for Metabolic and Bariatric Surgery. All rights reserved.
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Bariatric surgery is considered to be the best treatment of but also reduces the low-grade inflammatory condition as-
morbid obesity and its co-morbidities [1]. In the long term, sociated with morbid obesity [2]. Extensive evidence has
bariatric surgery not only results in improved body weight, shown that this low-grade inflammatory condition plays a

causative role in the pathophysiology of insulin resistance
(IR) [3-7]. For example, treatment of subjects with IR
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616, Maastricht 6200 MD, The Netherlands. sulted in improved insulin sensitivity [8,9]. In addition,
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and reduced inflammation in the long term after bariatric
surgery [10,11].

However, previous data have shown that despite substan-
tial weight loss, several parameters of the low-grade inflam-
matory condition did not decrease during the first months
after bariatric surgery. The plasma levels of acute phase
proteins and the tumor necrosis factor (TNF)-« receptor, as
well as markers of endothelial activation and adiponectin
and resistin levels, remained unchanged at 3 months after
surgery [10,12]. Therefore, IR is not expected to decline
during the first months after bariatric surgery.

Insulin sensitivity can be measured using clamp tech-
niques, intravenous or oral glucose tolerance tests, and val-
idated models such as the Homeostatic Model Assessment
of Insulin Resistance (HOMA-IR) and Quantitative Insulin
Sensitivity Check Index. The euglycemic hyperinsulinemic
clamp technique is the reference standard, but other tech-
niques such as the steady state plasma glucose (SSPG) test
have been developed that are less likely to result in hypo-
glycemia. Measuring the SSPG levels is a well-validated
alternative introduced by Shen et al. [13] and Reaven and
Olefsky [14]. It is a method that has been used for >35
years to measure insulin sensitivity and correlates strongly
(r >.90) with the more commonly used euglycemic hyper-
insulinemic clamp technique. The SSPG test is an insulin
suppression test that determines a steady state of plasma
glucose concentration as a measure for insulin-mediated
glucose uptake [13,14].

Many studies have shown that the HOMA-IR values
decrease in the first months after bariatric surgery [15-17].
However, studies using the clamp techniques directly after
bariatric surgery have been limited and inconsistent, show-
ing both decreased IR and no change in IR [18,19]. This led
us to investigate insulin sensitivity before and approxi-
mately 2 months after bariatric surgery, when patients had
lost 26% of their excess weight, using both the HOMA-IR
and SSPG levels.

Methods

A total of 11 consecutive patients who were admitted to
the surgical department of the University Hospital Maas-
tricht for restrictive surgical treatment of morbid obesity
participated in the present study. Of the 11 patients, 7
underwent vertical banded gastroplasty and 4 underwent
LapBand surgery. The patients were otherwise healthy ac-
cording to their history, clinical examination, and routine
laboratory test findings. In particular, none of the studied
patients had evidence of diabetes mellitus or inflammatory
disease or were taking medications known to influence the
glucose metabolism or inflammation. The morbidly obese
patients underwent the SSPG test before gastric restrictive
surgery (baseline) and after 26% excess weight loss (EWL).
During the 2-month period, no significant band adjustments
were performed in the LapBand patients. The characteristics

Table 1
Characteristics of study population
Variable Preoperative At 26% EWL
(n=11) (n = 11)

Gender

Female 9 9

Male 2 2
Age (yr) 404 7.6 404 =76
Body mass index (kg/m?) 44,6 =33 39.4 + 3.4%
Waist/hip ratio 0.97 £0.08 093 £0.1
Weight loss (kg) 149 £33
Fasting glucose (mmol/L) 54=*0.6 55=*0.7
Fasting insulin (mU/L) 148 £7.8 7.4 = 4.5%
HOMA-IR 3.59 £ 1.99 2.09 = 1.02*
Postoperative interval (d) 53 26

EWL = excess weight loss; HOMA-IR = Homeostatic Model Assess-
ment of Insulin Resistance.
* P <.05 compared with preoperatively.

of the study population are presented in Table 1. The ethical
committee of the University Hospital Maastricht (Maas-
tricht, The Netherlands) approved the study. All patients
gave written informed consent.

SSPG test and HOMA-IR

Insulin sensitivity was studied by determining the SSPG
levels. First, the endogenous insulin production by the pan-
creas was suppressed using octreotide (Sandostatin, Novar-
tis Pharma B.V., Arnhem, The Netherlands), given as bolus
followed by a continuous infusion. Next, glucose and insu-
lin were infused at a fixed rate. At 150—180 minutes, the
plasma insulin and glucose levels had reached a steady state.
These levels are termed the steady state plasma insulin
(SSPI) and SSPG levels. The SSPG level is a reflection of
insulin-mediated glucose uptake and a marker of insulin
sensitivity. Thus, it is essential for the preoperative SSPI
levels to be comparable to the SSPI levels at 26% EWL.

After a 12-hour overnight fast, the body weight and body
height were measured. The patients were measured in the
supine position in a hospital bed. Catheters were placed in
both antecubital veins to enable infusion of glucose, insulin,
and octreotide, as well as venous blood sampling. During an
acclimatization period of 30 minutes, an automatic blood
pressure measurement (Dinamap, Criticon, Tampa, FL) was
taken. Octreotide, a somatostatin analogue, was adminis-
tered intravenously using a syringe infusion pump (Treonic
IP4, Vickers Medical, Sidcap Kent, England) at 5.0 pg/min,
preceded by a bolus of 25 ug. In both the pre- and postop-
erative measurements of SSPG, the same octreotide concen-
tration was used, decreasing the chance of confounding the
results from high octreotide plasma concentrations. Insulin
(Actrapid, Novo-Nordisk, Bagsard, Denmark) was infused
at a rate of 25 mU/m*/min using a second syringe pump.
Glucose was infused using a volumetric pump (IVAC 591,
IVAC, San Diego, CA) at 240 mU/m?/min. Before the test
and at different points during the test, venous blood samples
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were taken. The mean plasma glucose level at 150, 160,
170, and 180 minutes was defined as the SSPG level. The
SSPG levels provide an indirect measure of IR [20].

Plasma glucose was determined using a glucose oxidase
method (YSI model 2300 Stat, Yellow Springs Industries,
Yellow Springs, OH). The blood samples for determining
the inflammatory mediators and insulin were immediately
put on melting ice, and the plasma was prepared by centrif-
ugation at 1400g for 10 minutes at 4°C. The plasma was
centrifuged again at 2700g for 10 minutes at 4°C, and the
recovered plasma was stored in aliquots at —80°C until
measurement.

HOMA-IR is a mathematical model by which insulin
sensitivity can be assessed using the fasting glucose and
insulin plasma levels [21].

Reagents, materials, and assays

The plasma concentrations of soluble TNF-a receptors,
leptin, lipopolysaccharide-binding protein, C-reactive pro-
tein, «;-acid glycoprotein, and insulin were measured
using sandwich enzyme-linked immunosorbent assays.
The TNF-a receptors (55 and 75), leptin, lipopolysaccha-
ride-binding protein, C-reactive protein, and «,-acid glyco-
protein were measured, as described previously [10]. The
plasma insulin concentrations were measured using a com-
mercially available enzyme-linked immunosorbent assay
(Mercodia AB, Uppsala, Sweden).

All plasma samples were measured in the same run,
except for the plasma insulin concentrations. When the
plasma concentrations exceeded the upper detection limit of
the assay, the samples were diluted more and analyzed in a
separate run with an overlap. The intra- and interassay
coefficients of variance of the assays were <10%.

Statistical analysis

The data are expressed as the mean * standard deviation.
The Wilcoxon sign-rank test was used to analyze the dif-
ferences. P <.05 was considered statistically significant.

Results

Effect of weight loss on metabolic and
inflammatory mediators

After bariatric surgery, 26% * 4% EWL was reached
within 53 = 26 days, resulting in a body mass index de-
crease from 46.2 + 5.6 kg/m? (preoperatively) to 40.7 *+ 4.1
kg/m? postoperatively. The mean percentage weight loss
was 11.6% = 1.6% for the study subjects.

As listed in Table 1, the fasting plasma glucose levels
before surgery were in the normal range (<5.6 mmol/L),
with increased fasting plasma insulin levels (14.8 = 7.8
mU/L; normal <12 mU/L ) resulting in an increased
HOMA-IR (3.59 £ 1.99). The fasting plasma glucose levels
at 26% EWL were similar to the preoperative values. In
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Fig. 1. Pre- and postoperative SSPI and SSPG levels. (A) Preoperative
SSPI values did not significantly differ from those measured at 26% EWL
(14.4 = 2.7 versus 14.3 = 5.4 mmol/L). Therefore, pre- and postoperative
SSPG levels could be compared. (B) SSPG levels did not decrease in first
months after restrictive bariatric surgery, indicating that during the first
months after surgery, insulin sensitivity did not improve.

contrast, the fasting insulin plasma levels and HOMA-IR
decreased after surgery (7.4 £ 4.5 mU/L and 2.09 = 1.02,
respectively; P <.05).

Fig. 1 shows the pre- and postoperative SSPI and SSPG
levels. Because the SSPI levels were not significantly dif-
ferent pre- and postoperatively (P = .76), the pre- and
postoperative SSPG levels could be compared. Preopera-
tively, the glucose levels were increased during the SSPG
test to reach an SSPG concentration of 14.4 * 2.7 mmol/L.
This concentration was much greater than the SSPG levels
found in healthy subjects (4.1 = 0.4 mmol/L), indicating
reduced preoperative insulin sensitivity in our morbidly
obese subjects. These data represent the lower 30th percen-
tile of IR as measured by Yeni-Komshian et al. [22] in 490
healthy volunteers.

The mean SSPG concentration before surgery was not
significantly different from the mean SSPG concentration
after bariatric surgery at 26% EWL (14.3 = 5.3 mmol/L),
suggesting sustained IR.

Because inflammation is known to contribute to IR, we
also investigated the plasma levels of inflammatory mole-
cules before and after surgery. In line with earlier data [10],
the plasma leptin levels had decreased significantly, but the
circulating levels of acute phase proteins (C-reactive pro-
tein, o -acid glycoprotein, and lipopolysaccharide-binding
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Table 2

Levels of inflammatory mediators at t = 0 during SSPG test

Variable Preoperatively At 26% EWL
(n=11) (n=11)

Leptin (ng/mL) 67.0 = 31.5 26.9 + 14.3%*

CRP (ug/mL) 20.3 = 12.1 219 + 17.1

AGP (ng/mL) 121 7.7 103 £5.2

LBP (ug/mL) 36.2 = 16.9 351+ 11.6

Soluble TNFRSS (ng/mL) 0.6 = 0.21 0.67 £0.2

Soluble TNFR75 (ng/mL) 1.07 = 0.43 1.34 =047

SSPG = steady-state plasma glucose; EWL = excess weight loss;
CRP = C-reactive protein; AGP = o -acid glycoprotein; LBP = lipopo-
lysaccharide-binding protein; TNF = tumor-necrosis factor.

* P <.05 compared with preoperatively.

protein) and TNF-« receptors had not changed, despite the
substantial weight loss at 26% EWL (Table 2). A separate
analysis of the LapBand and vertical banded gastroplasty
study subjects did not show differences in outcome.

Discussion

Considering the close relationship between inflammation
and IR, the insulin sensitivity was measured during the first
months after surgery, which is characterized by ongoing
inflammation. Previous data published by our group have
indicated that in the long term after bariatric surgery (3
years postoperatively, 70% EWL), the SSPG levels improve
[23]. However, the results of the present study have shown
that the SSPG levels had not decreased at 2 months after
surgery, indicating that the patients still experienced IR
despite their substantial weight loss. Similar results were
obtained in a study using the euglycemic hyperinsulinemic
clamp technique to measure insulin sensitivity after gastric
bypass surgery and biliopancreatic diversion (BPD) [18].
Approximately 5 months postoperatively, the IR had not
decreased in the gastric bypass group. In contrast, insulin
sensitivity had significantly improved at 5 months after
BPD. Insulin sensitivity will have already been ameliorated
within 4 weeks after BPD [19]. Because gastric bypass
surgery is considered restrictive, with only a minor malab-
sorptive component [24], the results of the present study
support the concept that techniques mainly using restriction,
unlike malabsorptive procedures, do not immediately re-
duce peripheral insulin sensitivity. It is thought that incre-
tins such as glucagon-like peptide-1 (GLP-1) and gastroin-
testinal polypeptide play a central role in the observed
differences [19]. Malabsorptive surgery results in bypass of
the foregut, as well as exposure of the distal ileum to
undigested food. Consequently, the secretion of gastrointes-
tinal polypeptide and GLP-1 is altered [25]. Both gastroin-
testinal polypeptide and GLP-1 are known to increase insu-
lin sensitivity and secretion [26]; therefore, malabsorptive
surgery is thought to be more effective in increasing insulin
sensitivity than purely restrictive procedures. This has been

illustrated by Laferrere et al. [27], who compared the oral
glucose tolerance after gastric bypass surgery to the glucose
tolerance after a 1 month of a very low calorie diet. Gastric
bypass resulted in lower postprandial glucose levels, despite
comparable weight loss. This difference could be explained
by the greater levels of GLP-1 after gastric bypass surgery.

A possible explanation for the unchanged SSPG levels in
the first months after bariatric surgery, such as were ob-
served in the present study, could be insufficient weight
loss. At 26% EWL, the subjects had lost approximately 15
kg, but the body mass index remained in the morbid obese
spectrum (39.4 kg/m?). Thus, it appears that peripheral
insulin sensitivity only starts to improve after a certain set
point, which was not reached in our study population. How-
ever, studies of obese individuals restricted to a very low
calorie diet have shown increased insulin sensitivity using
clamp techniques. These subjects lost a significant amount
of weight, although not as much as our study population. An
explanation for this effect could be that the major surgical
procedure influences insulin sensitivity, for example, by
provoking other inflammatory processes. In line with pre-
vious studies from our group, the inflammatory condition
did not improve during the first 2 months after bariatric
surgery in the present study [10,12]. Another explanation
relates to the severe catabolic state associated with substan-
tial weight loss in the first months after bariatric surgery.
Thus, several studies have shown decreased insulin sensi-
tivity in adipose tissue during fasting [28,29]. The incon-
sistency of restrictive versus malabsorptive bariatric proce-
dures with respect to their early effects on insulin sensitivity
should be the subject of future research.

In contrast to the unchanged insulin sensitivity as mea-
sured by SSPG testing in the first months after surgery, the
HOMA-IR levels had decreased significantly at that point.
This was mainly because of reduced fasting plasma insulin
levels after surgery, although the circulating fasting plasma
glucose levels had not changed significantly during the
2-month period. These results indicate that during the first
months after bariatric surgery, the HOMA-IR index might
not be valid as a marker of insulin sensitivity.

The observed differences between HOMA-IR and SSPG
might be explained by the storage capacity of the liver for
macronutrients. In insulin-resistant morbidly obese patients
without type 2 diabetes, increased fasting plasma insulin
levels and normal or slightly increased fasting plasma glu-
cose levels will be found. This is thought to be related to the
increased gluconeogenesis during the fasting period in in-
sulin-resistant hepatocytes and results in elevated insulin
production by the pancreas [30]. We suggest that during
rapid weight loss, the hepatocytes might lose the stored
macronutrients earlier than do the skeletal muscle cells or
adipocytes, leading to increased hepatic insulin sensitivity
compared to the skeletal muscle or adipocytes, resulting in
reduced fasting plasma insulin levels. Perhaps this could
also explain the difference observed after BPD and gastric
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bypass with respect to the improvement of insulin sensitiv-
ity postoperatively. The more rigorous weight loss occur-
ring after BPD could force triglycerides out of the muscle
and adipose tissue more rapidly compared with other types
of bariatric surgery. The SSPI levels did not decrease, in-
dicating that the insulin clearance capacity of the liver was
still impaired and, thus, not paralleling the decline in glu-
coneogenesis. Unpublished data from our group have indi-
cated decreased SSPI levels at 50% EWL, demonstrating
increased insulin clearance by the liver.

Conclusion

In the present small study of nondiabetic, insulin-resistant
patients, we found that IR as measured by SSPG did not
improve, despite substantial weight loss, in the first months
after restrictive bariatric surgery, paralleling the sustained low-
grade inflammatory condition. In contrast, the HOMA-IR val-
ues decreased during the first months after restrictive bariatric
surgery, suggesting that the HOMA-IR index is not an ade-
quate marker of insulin sensitivity after restrictive bariatric

surgery.
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