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OBJECTIVE

It has been suggested that weight change–independent effects on fasting insulin
and glucose levels are present after gastric bypass (GBP) but not after banding and
vertical banded gastroplasty (VBG).We therefore evaluatedweight change–adjusted
effects of GBP, compared with restrictive surgical procedures, on long-term changes
in fasting levels of glucose, insulin, and homeostatic model assessment of insulin
resistance (HOMA-IR) in the Swedish Obese Subjects (SOS) study.

RESEARCH DESIGN AND METHODS

Participants who completed the 2-year (n = 1,762) and/or the 10-year (n = 1,216)
follow-upwere divided into threeweight change classes (weight loss >30%, 20–30%,
or £20%), and by surgical method (banding, VBG, or GBP). Glucose, insulin, and
HOMA-IR changes were analyzed in relation to weight change over 2 and 10 years.
Analyses were performed in the full cohort and also in subgroups based on baseline
glucose status.

RESULTS

Within weight change classes, reductions in glucose, insulin, and HOMA-IR were
similar in the three surgery groups both at 2 and at 10 years. Reductions in glucose,
insulin, and HOMA-IR increased with increasing weight loss, and changes were
typically related to weight change within each surgery group. Moreover, the
association between weight change and change in glucose, insulin, or HOMA-IR
did not differ between the surgery groups at 2 and 10 years. When patients were
subdivided also by baseline glucose status, similar relationships between weight
changes and changes in glucose, insulin, and HOMA-IR were observed.

CONCLUSIONS

Even though weight loss–independent effects are important for short-term di-
abetes remission, our results suggest that degree of weight loss is more important
for long-term reductions in fasting insulin and glucose than choice of bariatric
surgery procedure.
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Type 2 diabetes is related to obesity and
characterized by elevated fasting plasma
glucose concentrations (1,2) due to insu-
lin resistance, with high hepatic glucose
output and decreased glucose uptake in
peripheral tissues (3). Type 2 diabetes is
a chronic condition, but over the last 15
years it has been shown repeatedly (4–14)
that bariatric surgery is associated with a
high diabetes remission rate, and a system-
atic review concluded that 78% of pa-
tients with diabetes achieved resolution in
the first 2 years after surgery (rev. in 6).
Long-term results (10–15 years) also dem-
onstrate high remission rates as well as re-
duced incidence of diabetes complications
in surgery patients (15,16).
Gastric bypass (GBP) is associated

with more pronounced effects on glu-
cose homeostasis short term compared
with gastric banding and other restric-
tive procedures (6). It has been sug-
gested that early remission of diabetes
after GBP is caused by surgery-specific,
weight loss–independent effects on glu-
cose homeostasis (17,18). Changes in
the postprandial secretory pattern of in-
cretins, such as glucagon-like peptide 1,
are generally suggested as the major
component of this effect, although al-
terations in dietary habits, gastric emp-
tying, bile acids, and/or microbiota have
also been put forward as possible mech-
anisms that could explain this phenom-
enon (19). Indeed, remission of type 2
diabetes has been reported within days
to weeks after GBP surgery, before sub-
stantial weight reduction has occurred
(20,21).
The changes in the incretin secretion

patterns occur in the first few months
after surgery, but weight loss change
persists over a long time. In most stud-
ies, results suggest that GBP is more
effective for achieving major weight
reduction and higher rates of diabetes
remission compared with restrictive
procedures (5,8,10). However, adjust-
ments for degree of weight loss have
seldom been performed in these analy-
ses, and some reports indicate that
magnitude of weight loss is the major
determinant of whether obese patients
with diabetes achieve remission both
up to and after 2 years (6,12,22–24).
Furthermore, several recent studies
challenge the importance of the incretin
effect, implying that caloric restriction
could instead be a main explanatory
factor (25–29).

As part of the Swedish Obese Subjects
(SOS) study, we have previously published
several reports on the long-term (10–20
years) effects of bariatric surgery (4,15,30–
34). Similar to the reports referenced
above, our data suggest that weight loss
and risk factor changes aremost prominent
for patients treatedwith GBP (4). However,
whether weight loss–independent effects
on fasting insulin and glucose levels are
present after GBP but not after banding
and VBG procedures has not been ana-
lyzed. Therefore, in the current report
we evaluate weight loss–independent ef-
fects of GBP compared with restrictive
surgical procedures on changes in fasting
glucose and insulin levels over 2 and 10
years of follow-up.

RESEARCH DESIGN AND METHODS

General Study Design
The nonrandomized prospective SOS in-
tervention trial enrolled 4,047 obese sub-
jects (34,35). In brief, 6,905 subjects
participated in an initial matching exami-
nation. In this examination, 5,335 individ-
uals were found to be eligible. (See
below.) Among eligible patients, 2,010
choosing surgery formed the surgery
group and a contemporaneously matched
control group (n = 2,037) was created us-
ing 18 matching variables. The two study
groups had identical inclusion and exclu-
sion criteria. The inclusion criteria were
age 37–60 years and BMI $34 kg/m2 for
men and$38 kg/m2 forwomen before or
at the matching examination. The exclu-
sion criteria were few and were aimed at
obtaining operable subjects. Baseline ex-
aminations of subjects in both groups took
place 4 weeks before surgery. The inter-
vention began on the day of surgery for
subjects in the surgery group and for their
matched control subjects. Patients were
then re-examined after 0.5, 1, 2, 3, 4, 6,
8, 10, 15, and20 years (34). Seven regional
ethics review boards approved the study
protocol, and informed consent was ob-
tained from all subjects. Of the 2,010 sub-
jects in the surgery group, 376 underwent
nonadjustable or adjustable gastric band-
ing, 1,369 underwent vertical banded gas-
troplasty (VBG), and 265 underwent GBP.

Report Population, Examinations, and
Data Analysis
For the current report, only surgery pa-
tientswere included.Weusedbiochemical
examinations, body weights, and other
anthropometricmeasurementsatbaseline,

2 years, and 10 years. Fasting blood sam-
ples were obtained in themorning after an
overnight fast. Fasting glucose concentra-
tions were measured in venous whole
blood from 1987 to 2009. After 2009, ve-
nous plasma glucose was measured and
converted to blood glucose (conversion
factor 1.12, R2 = 98.9). Biochemical mea-
surements were undertaken at the Cen-
tral Laboratory, Sahlgrenska University
Hospital, Gothenburg, Sweden. The labora-
tory is accredited according to Interna-
tional Organization for Standardization/
International Electrotechnical Commis-
sion (ISO/IEC) 15189:2007 standards.

Type 2 diabeteswas defined as fasting
blood glucose $6.1 mmol/L (corre-
sponding to fasting plasma glucose
$7.0 mmol/L) and/or self-reported ther-
apy with glucose-lowering medications
at baseline. Impaired fasting glucose
was defined as fasting blood glucose$5.0
to,6.1mmol/L (fastingplasmaglucose$5.6
to ,7.0 mmol/L) (2). The study was initi-
ated before repeated measurements were
routinely used for the diagnosis of type 2
diabetes; therefore, single fasting glucose
determinations were used. Homeostatic
model assessment of insulin resistance
(HOMA-IR) was calculated as fasting
plasma insulin (pmol/L) 3 fasting plasma
glucose (mmol/L)/135.

We analyzed glucose and insulin
changes over 2 and 10 years in relation
to weight change.

Patients who had been converted
from the original to another surgical
method between baseline and 2 years
or baseline and 10 years were not in-
cluded in the calculations (n = 67 and
n = 307 patients were excluded from
2- and 10-year analyses, respectively).

Patients with missing values for body
weight, glucose, and insulin at baseline or
at the follow-up time points were ex-
cluded (a total of 29 and 30 patients for
2- and 10-year analyses, respectively). For
the main analysis, patients were divided
into three relative weight change classes
(designated by percent weight change
over 2 or 10 years: weight loss .30%,
between 20 and 30%, or #20%) and by
surgical method (banding, VBG, or GBP).
For the subgroup analysis, patients were
also subdivided by baseline glucose sta-
tus; one group consisted of patients with
normal fasting glucose at baseline, and
one group consisted of patients with im-
paired fasting glucose or type 2 diabetes
at baseline. The patients with impaired
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fasting glucose and patients with type 2
diabetes were pooled to obtain subgroups
large enough to allow subgrouping by
weight change class and surgery method.

Statistical Methods
Mean values, with SDs, and percentages
were used to describe the baseline char-
acteristics and changes over 2 and 10
years in different surgery groups. Changes
in fasting glucose, insulin, and HOMA-IR
were analyzed by ANCOVA in the three
surgery groups, adjusting for baseline
levels of respective variable, degree of
weight change, sex, and age. Statistical
analyses were performed with Stata soft-
ware (version 12.1; College Station, TX).
All P values are two sided, and P , 0.05
was considered statistically significant.

RESULTS

Baseline Characteristics and 2-Year
and 10-Year Weight Changes
Table 1 shows baseline characteristics
and weight change by weight change
class and type of surgery for all pa-
tients who completed the 2- and 10-year
follow-up, respectively. Within given
weight change classes, baseline glu-
cose, insulin, and HOMA-IR did not dif-
fer between the three surgery groups.
Supplementary Table 1 shows the base-
line data and 2-year and 10-year weight
changes separately for patients with
normal fasting glucose and with im-
paired fasting glucose/type 2 diabetes.
At the 2-year follow-up, ;20% of the
banding and VBG patients achieved
.30% weight loss compared with 59%
in the GBP group. After 10 years, the
percentages achieving .30% weight
loss were 25% in the GBP group com-
pared with 14% and 8% in the banding
and VBG groups, respectively. The
fractions of patients who completed
the 2- and 10-year follow-up were
88% and 60%, respectively.

Changes in Glucose, Insulin, and
HOMA-IR Over 2 and 10 Years
Within givenweight change classes, fasting
levels of glucose (Fig. 1A), fasting levels of
insulin (Fig. 1B), and HOMA-IR (Fig. 1C)
changes were similar after GBP, banding,
and VBG both at 2 and at 10 years. In prin-
ciple, the same was true within the nor-
mal fasting glucose and impaired fasting
glucose/type 2 diabetes groups, although
all changes were larger in the latter sub-
group (Supplementary Figs. 1–3).
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Figure 1A–C suggests that reductions in
glucose, insulin, and HOMA-IR increase
with increasing weight loss. Moreover,

the slopes of the regression analyses re-
vealed that weight changes at 2 and 10
years were, for all performed analyses,

associated with changes in glucose, insu-
lin, and HOMA-IR within each of the sur-
gery groups (Table 2). Furthermore,when
we specifically tested whether the associ-
ation between weight change (%) and
change in glucose, insulin, and HOMA-IR
differed between the three surgery
groups, we found that this was not the
case. The regression slope for GBP was
similar to the banding and VBG regression
slopes both at 2 and at 10 years (Table 2)
(P values for test of equal slopes all
nonsignificant).

We also performed a regression analy-
sis in the normal fasting glucose and im-
paired fasting glucose/type 2 diabetes
subgroups. In Supplementary Table 2,
slopes are shown separately for patients
with normal fasting glucose and those
with impaired fasting glucose/type
2 diabetes. For glucose, we were un-
able to detect a difference between
GBP versus banding and VBG slopes in
either group both at the 2-year and at
the 10-year follow-up (Supplementary
Table 2) (P values for test of equal
slopes all nonsignificant). The above
was true also for insulin and HOMA-IR
in the impaired fasting glucose/type 2
diabetes group (Supplementary Table 2).
In contrast, in the normal fasting glucose
group there were significant differences
both at 2 years (insulin, P = 0.025, and
HOMA-IR, P = 0.031) and at 10 years (in-
sulin, P = 0.045) (Supplementary Table 2).

CONCLUSIONS

This report suggests that within a given
weight change class, the changes in fast-
ing insulin and HOMA-IR over 2 and 10
years are similar with banding, VBG, and
GBP. In addition, changes in fasting glu-
cose within each weight change class
were either similar or even smaller after
GBP than after banding and VBG. The
glucose and insulin reductions increased
with increasing weight loss and were
larger in impaired fasting glucose/type 2
diabetes than in patients with normal
fasting glucose.

A large number of short-term reports
(0.1–4 years) suggest that GBP is more
efficient than banding in improving glu-
cose and insulin levels and that GBP
causes higher rates of type 2 diabetes
remission (reviewed in 6,8,10). Most
reports on weight loss–independent
effects of GBP on glucose and insulin
levels are based on observations a few
weeks postoperatively before major

Figure 1—Two-year and 10-year changes in fasting blood glucose (A), fasting serum insulin (B),
and HOMA-IR (C) by relative weight change class and type of bariatric surgery in all patients. Left
panels: 2-year changes. Right panels: 10-year changes.
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weight loss occurred (7,9). Weight re-
duction occurs faster after GBP than af-
ter banding or VBG (4), and even though
it is well established that postoperative
signaling patterns specific for GBP do
exist (19,36,37), a negative energy bal-
ance also exists soon after GBP surgery.
Indeed, several recent studies indicate
that, despite profound changes in gut
hormone patterns, pure caloric restric-
tion may cause the short-term meta-
bolic benefits of GBP in obese patients
(25,26,28). When comparing GBP to cal-
orie restriction, postprandial glucose
levels were improved to a similar extent
after both treatments (25,28) and treat-
ment with a very low-calorie diet was as
efficient as GBP for improving b-cell
function and insulin sensitivity after pa-
tients had lost the same amount of
weight (26). In patients without type 2
diabetes, it was shown that the im-
provement in insulin sensitivity was de-
termined by the amount of weight
lostdnot whether the patients had
been treated with GBP or caloric restric-
tion (29). Furthermore, another study
of patients without type 2 diabetes
showed that effects on insulin sensitiv-
ity and b-cell function were similar after
GBP and banding after 20% weight loss,
occurring after 16 and 22 weeks, respec-
tively (27). Consequently, it is important
to investigate whether long-term ef-
fects on risk factor changes are similar
after GBP compared with restrictive pro-
cedures when adequate adjustments
for degree of weight loss have been
performed.
In the current analyses of 2- and

10-year data from theSOS study,we found
that when weight change was adjusted
for, GBP was not associated with larger
long-term reductions in fasting glucose,

fasting insulin, or HOMA-IR than those
seen after banding or VBG. This was the
case both when analyzing the total co-
hort and when subgrouping individuals
by baseline glucose status. If anything,
the reductions in fasting glucose within a
given weight change class tended to be of
smaller magnitude after GBP. In the SOS
study, we previously showed that long-
term diabetes remission frequencies are
similar in GBP, VBG, and banding groups
and that short diabetes duration and high
baseline glucose are predictors for both
short- and long-term diabetes remission
(15). In the current report, we extend
our findings by showing that the associa-
tion between weight change and change
in risk factor is similar for the three surgery
techniques. However, as shown in the
SupplementaryData, the group of patients
with impaired fasting glucose or type 2
diabetes is responsible for the major
part of the metabolic risk factor changes,
whereas changes in the normal fasting
glucose group are more modest.

This study has limitations. First, we
cannot draw the conclusion that early
weight loss–independent effects on glu-
cose and insulin levels after GBP surgery
do not exist. In the acute postoperative
situation, changes in incretins, insulin,
and glucose are no doubt larger after
GBP than after banding (7,9). Unfortu-
nately, we are unable to analyze acute
weight loss–independent changes in the
SOS study, since the first biochemical
observations were not collected until 2
years after surgery. Second, different
mechanisms affect postprandial (as as-
sessed by glucose tolerance) and fasting
plasma glucose levels (38,39). Studies in
patients with impaired glucose tolerance
have shown that reduced second-phase
insulin release and peripheral insulin

resistance affect plasma glucose levels.
In contrast, patients with impaired fasting
glucose suffer from impaired basal insulin
secretion and preferential resistance of
glucose production to suppression by in-
sulin (38). However, glucose tolerance
tests or clamp examinations were not un-
dertaken within the SOS study, making it
impossible to draw conclusions on the
long-term postprandial effects. Hence,
we are unable to analyze whether post-
prandial glucose changes corrected for
weight change are influenced differently
by the three surgical techniques. Only
fasting measures of insulin and glucose
were available, and we therefore used
HOMA-IR to estimate insulin resistance.
For better understanding of the mecha-
nisms behind changes in insulin sensitivity
for different surgical techniques, long-
term clamp studies are needed. In the
group with normal fasting glucose at
baseline, we found that the association
between change in insulin and change in
weight differed between the surgical
groups. The reasons for this are not clear;
however, it is possible that the associa-
tion between insulin and weight is not
linear throughout the entire weight loss
range. If this were the case, the associa-
tion would also depend on the absolute
magnitudeofweight loss andmay thereby
be different for GBP, which on average
results in greater weight loss than the
other techniques. In addition, the low par-
ticipation rate in physical and laboratory
examinations at 10 years is a limitation.
Finally, the SOS study is a large prospec-
tive, controlled intervention study with
.2,000 participants in the surgical group.
This gives us a unique opportunity to per-
form detailed analyses on the long-term
effects of bariatric surgery. However, the
majority (68% [n = 1,369]) of the surgical
patients in the SOS study underwent VBG,
an operation that is rarely performed to-
day, whereas 13% (n = 265) of the patients
underwent the, at present, most common
surgical technique (i.e., GBP). Further-
more, 17% (n = 376) of the surgical group
underwent banding. This technique is still
widely used, but there has been a signifi-
cant decline in banding rates during the
past few years (40).

In conclusion, given the same degree
of weight loss after bariatric surgery,
there was no support for weight loss–
independent benefits of GBP over re-
strictive procedures on fasting glucose
and insulin levels or HOMA-IR over 2

Table 2—Regression slopes (b) for changes in glucose, insulin, and HOMA-IR by
5% weight change in the three surgical groups (banding, VBG, and GBP)

Variable
change/year

Banding
b-coefficient (95% CI)

VBG b-coefficient
(95% CI)

GBP b-coefficient
(95% CI)

P for test of
equal slopes

Glucose
2-year 0.10 (0.06–0.15) 0.13 (0.10–0.16) 0.09 (0.05–0.14) 0.139
10-year 0.17 (0.12–0.22) 0.19 (0.14–0.24) 0.21 (0.08–0.33) 0.787

Insulin
2-year 8.00 (5.41–10.60) 7.86 (6.97–8.75) 5.34 (3.51–7.17) 0.091
10-year 8.95 (6.86–11.04) 9.98 (8.20–11.76) 7.13 (2.10–2.17) 0.403

HOMA-IR
2-year 0.34 (021–0.47) 0.33 (0.29–0.38) 0.21 (0.13–0.28) 0.084
10-year 0.43 (0.32–0.53) 0.48 (0.38–0.58) 0.35 (0.15–0.55) 0.436
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and 10 years. Hence, even though
weight loss–independent effects that
differ between surgical procedures are
important for short-term remission, our
results suggest that degree of weight
loss is more important for long-term re-
ductions in fasting insulin and glucose
than choice of bariatric surgery procedure.
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4. Sjöström L, Lindroos AK, Peltonen M, et al.;
Swedish Obese Subjects Study Scientific Group.
Lifestyle, diabetes, and cardiovascular risk fac-
tors 10 years after bariatric surgery. N Engl J
Med 2004;351:2683–2693

5. Buchwald H, Avidor Y, Braunwald E, et al.
Bariatric surgery: a systematic review and
meta-analysis. JAMA 2004;292:1724–1737
6. Buchwald H, Estok R, Fahrbach K, et al.
Weight and type 2 diabetes after bariatric sur-
gery: systematic review and meta-analysis. Am J
Med 2009;122:248–256. e5
7. Falkén Y, Hellström PM, Holst JJ, Näslund E.
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