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Abstract
Background Long-term outcome data are needed to define the
role of bariatric surgery in type 2 diabetes (T2D). To address
this, we collated diabetes outcomes more than a decade after
laparoscopic adjustable gastric band (LAGB) surgery.
Method Clinical and biochemical measures from 113 obese
T2D patients who underwent LAGB surgery in 2003 and
2004 were analyzed. Diabetes remission was defined as
HbA1c < 6.2% (44 mmol/mol) and fasting glucose
< 7.0 mmol/L.
Results Seventy-nine patients had weight data at 10 years and
attained a median [Q1, Q3] weight loss of 16 [10, 21] percent.
Sixty patients attended a follow-up assessment. Their baseline
HbA1c of 7.8 [7.1, 9.3] percentage units (62 [54, 78]
mmol/mol) had decreased to 6.6 [6.1, 8.4] (49 [43, 68]
mmol/mol) despite no significant change in glucose-
lowering therapy. Eleven patients (18%) were in diabetes re-
mission and another 18 had HbA1c ≤ 6.5%. Significant im-
provements in physical measures of quality of life, blood pres-
sure, and lipid profile were also observed but there was no
change in the proportion of patients with albuminuria and a
significant decline in estimated glomerular filtration rate.

Twelve patients in the follow-up cohort (20%) required anti-
reflux medication after surgery and 26 (43%) underwent gas-
tric band revision surgery.
Conclusion Weight loss for over 10 years after LAGB sur-
gerydelivers clinicallymeaningful improvements inHbA1c,
blood pressure, lipids, and quality of life at the cost of a high
rate of revision surgery and increased use of anti-refluxmed-
ication. These findings support the use of bariatric surgery as
a long-term treatment for weight loss and wellbeing in pa-
tients with T2D.
Study Registration Registered with the Australian Clinical tri-
als registry as ACTRN12615000089538.
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Introduction

Treatment guidelines for type 2 diabetes (T2D) highlight the
importance of weight loss [1], a recommendation supported
by several randomized trials of at least 5 years’ duration that
showed intensive lifestyle modification [2, 3] and bariatric
surgery [4–6] improved glycemia and quality of life in over-
weight and obese T2D populations. The magnitude of benefit
from weight loss broadly correlates with its degree and dura-
tion [7, 8], leading proponents of bariatric surgery to call for
its widespread use as a diabetes treatment. However, this view
is not endorsed by treatment guidelines [9] because long-term
diabetes outcome data for bariatric surgery are sparse and
often confounded by selection and observer biases [10].

Of the three main bariatric operations, sleeve gastrectomy
and gastric bypass are favored over gastric band surgery on
account of their superior weight loss and relative ease of
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aftercare in most centers [11]. However, gastric band surgery
is safer than the other common bariatric operations [12] and
delivers good long-term weight loss in dedicated centers [13].
These features, combined with its adjustability and reversibil-
ity, make gastric band surgery an appealing option for a sig-
nificant proportion of obese patients. In addition, because gas-
tric band surgery does not alter anatomy or the gut hormone
profile, it provides insight into the potential effectiveness of
non-surgical weight loss therapies, particularly those centered
on dietary modification and calorie restriction.

During 2003 and 2004, we performed primary gastric band
surgery on 919 patients, of whom 113 had T2D. The purpose
of this study was to describe the rates of diabetes remission
and long-term outcomes of these 113 patients and to describe
the relationship between weight loss and measures of diabetes
control and complications.

Method

Study Design and Setting

This was a retrospective single-arm cohort study with prospec-
tive patient follow-up more than 10 years after gastric band
surgery at The Centre for Bariatric Surgery, Melbourne. The
study was approved by Monash University Human Research
Ethics Committee and registered with the Australian Clinical
trials registry as ACTRN12615000089538.

Participants

We included 113 patients who underwent primary laparoscop-
ic adjustable gastric band (LAGB) surgery between January
2003 and December 2004 and who had T2D at the time of
surgery, defined as a prior diagnosis of T2D, fasting glucose
> 7 mmol/L or HbA1c > 6.5% (48 mmol/mol). Indefinite
surgical aftercare to review and adjust the band was provided
to all participants through the Centre for Bariatric Surgery,
Melbourne. All 60 patients in the Bincluded^ cohort provided
written informed consent to attend follow-up assessments.

Data Collection

Baseline clinical data and progressive weight data, entered
prospectively by treating clinicians, were extracted from
LapBase (LapBase Pty Ltd., Melbourne), an electronic data-
base. Clinical data more than 10 years after LAGB were ob-
tained during face-to-face patient interviews between
March 2015 and May 2016. Sitting blood pressure was mea-
sured with a SureSign VS2 automated sphygmomanometer
(Philips, Andover, MA) after the patient had been resting for
at least 5 min. Quality of life scores from the SF-36 question-
naire were standardized to the Australian population

mean ± SD of 50 ± 10 as previously described [14].
Biochemistry was performed at accredited community labora-
tories, the majority of which were operated by Melbourne
Pathology and Dorevitch Pathology (both located in
Melbourne, Australia). Beta-cell function was calculated from
fasting glucose and C-peptide measures using the HOMA2
calculator [15].

Diabetes Remission

We defined diabetes remission according to our prior study
[16] as fasting glucose < 7.0 mmol/L and HbA1c < 6.2%
(44 mmol/mol). Because we routinely recommend metfor-
min to our T2D patients after LAGB, patients taking met-
formin monotherapy (N = 4) were included in the remis-
sion population. Diabetes remission was also classified ac-
cording to ADA recommendations [17], which required
participants not to be taking any glucose-lowering drugs.
Complete remission was defined as HbA1c < 6% and
fasting glucose (FG) < 5.6 mmol/L, and partial remission
as HbA1c < 6.5% and FG < 7.0 mmol/L.

Statistical Analyses

Data were complete unless otherwise stated. Average weight
and HbA1c over time were determined using the trapezoidal
rule. Excess weight was the weight in kg above a body mass
index (BMI) of 25 kg/m2.

The approxfun function in the R software package (www.r-
project.org) was used to calculate 6-monthly weight and
HbA1c for each participant, thereby enabling generation of
time-course curves. Linear regression analyses were per-
formed using the lm function in R after interpolating two
missing C-peptide values with the group median. Statistical
analyses were performed using Prism v7.0b (Graphpad San
Diego, CA). Paired-group comparisons of categorical and
continuous data used a Fisher’s exact test and Mann
Whitney U test, respectively. A two-tailed p value below 0.
05 was considered significant.

Results

The participant flow chart is presented in Fig. 1. Of 919 pa-
tients undergoing LAGB surgery at our center between
January 2003 and December 2004, 113 had T2D. Of these
patients, 79 had weight data beyond 10 years and 60 (29 male,
31 female) agreed to present for clinical assessment and blood
testing in 2015 and 2016. Baseline characteristics of this
Bincluded^ cohort and the 53 Bexcluded^ patients are provid-
ed in Table 1. Body weight, body mass index (BMI), blood
pressure, and HbA1c did not differ significantly between the
two patient groups. However, when compared to the excluded
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cohort, included patients had a greater duration of follow-up in
the aftercare clinic and were significantly more likely to have
undergone LAGB revision surgery to re-site or replace the
band. Full details of revision surgery for both groups are pro-
vided in Supplemental Table 2.

Ten-year weight data were available for 79 of the 113 pa-
tients (all 60 in the included cohort and 19 in the excluded
cohort), equating to 70% of the overall population. The medi-
an [Q1, Q3] weight loss of these 79 patients 10 years after
LAGB was 16 [10, 21] percent. Figure 2a presents percent
weight loss over 10 years following LAGB surgery according
to patient cohort. The included cohort achieved maximal
weight loss of 20% at 2 years and sustained more than 15%
weight loss out to 10 years, with median weight loss of 17 [12,
22] percent at follow-up, equating to a median excess weight

loss of 43 [24, 60] percent. When averaged over the available
follow-up data of median duration 12 [11, 12] years, the in-
cluded cohort achieved median weight loss of 16 [12, 22]
percent (Fig. 2b), equating to 42 [31, 56] percent of their
excess weight. The median duration of clinic follow-up for
excluded patients was shorter at 7 [5, 11] years (p < 0.0001)
and their weight loss was lower over the first 6 years (Fig. 2a),
but the difference was not statistically significant. Their aver-
age weight loss over the duration of clinic attendance was 15
[9, 20] percent (Fig. 2b).

The clinical characteristics of the 60 included patients at
baseline and after more than 10 years’ follow-up are provided
in Table 2. Median BMI decreased from 43 to 34 kg/m2 and
was associated with significant reductions in HbA1c, total
cholesterol, LDL cholesterol, triglycerides, and blood pres-
sure. Analysis of median HbA1c over time (Fig. 2c) revealed
that improvements in HbA1c mirrored weight loss, with the
HbA1c nadir of 6.2% (44 mmol/mol) 2 years after surgery
corresponding to the time of maximal weight loss. The corre-
lation coefficient (Spearman R) between the half-yearly me-
dian values of HbA1c and percent weight loss was highly
significant (R = − 0.962, 95% CI − 0.985 to − 0.907,
P < 0.0001).

At follow-up, diabetes remission (fasting glucose
< 7.0 mmol/L and HbA1c < 6.2%) was observed in 11 par-
ticipants (18%), 4 of whom continued to take metformin.
Remitters were younger than non-remitters at the time of sur-
gery (43 [36, 51] vs. 50 [44, 54] years; P = 0.0193) and their
duration of diabetes was significantly lower (1 [0, 3] vs. 2 [1,
9] years; P = 0.0171). When the more stringent ADA criteria
for diabetes remission [17] were applied, complete diabetes
remission was observed in five patients and partial remission
in three. Another five patients taking metformin as their sole
glucose-lowering drug met the metabolic criteria for complete

113 gastric band placements in
obese people with T2D

3 patients deceased prior to telephone contact
1 in year 7 from unknown cause
1 in year 11 from heart failure
1 in year 12 from cardiac arrest

13 patients uncontactable
and lost to follow-up

97 patients telephoned and
invited to join the study

37 patients unable to participate
2 lived interstate
6 lacked the time
7 had severe chronic illness
22 declined

60 ‘included’ patients
assessed more than 10
years after surgery

53 ‘excluded’ patients with
baseline data but incomplete

post-surgery data

Fig. 1 Patient flow diagram

Table 1 Characteristics of
included and excluded patients Included patients (N = 60) Excluded patients (N = 53) P value

Sex (M/F) 29/31 28/25 0.7074

Duration of clinical follow-up (years) 12 [11, 12] 7 [5, 11] < 0.0001

Band revision surgery (N; %)* 26 [43%] 9 [17%] 0.0040

Port revision surgery (N; %)* 3 [5%] 5 [9%] 0.4709

Permanent band explant (N; %) 3 [5%] 8 [15%] 0.1103

Age (years) 50 [44, 53] 50 [43, 55] 1.0000

Weight (kg) 116 [101, 137] 125 [105, 148] 0.1775

BMI (kg/m2) 40.2 [37.5, 47.1] 41.8 [38.1, 48.2] 0.2897

Waist circumference (cm) 126 [113, 140] 127 [118, 146] 0.1561

Systolic blood pressure (mmHg) 143 [131, 155] 142 [128, 160] 0.9238

Diastolic blood pressure (mmHg) 88 [80, 94] 88 [80, 94] 0.8342

Duration of diabetes (years) 1.9 [1.1, 8.5] 1.6 [0.0, 6.3] 0.2758

HbA1c (%) 7.8 [7.1, 9.3] 7.2 [6.7, 9.4] 0.1390

HbA1c (mg/mmol) 62 [54, 78] 55 [50, 78] 0.1390

*Full details of revision surgeries are presented in Supplemental Table 2
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(N = 1) or partial (N = 4) remission. Overall, 29 patients (48%)
attained very good glucose control with HbA1c ≤ 6.5%
(48 mmol/mol) at the final follow-up visit.

The number of medications used to control glucose and
blood pressure did not differ significantly at baseline and fol-
low-up. Analysis of glucose-lowering medications revealed
similar frequency of insulin use at both time points, with a
shift away from glitazones and sulfonylureas at baseline to
dipeptidyl peptidase 4 (DPP4) inhibitors, sodium-glucose
co-transporter-2 (SGLT2) inhibitors, and exenatide at follow-
up. Use of lipid-lowering and anti-reflux medications was
more frequent at follow-up, being used by 65 and 38% of
patients, respectively. This contributed to a non-significant
increase in the number of prescription medications from 4
[2, 6] at baseline to 5 [3, 7] after more than a decade. The
number of patients experiencing macro- or microvascular
events increased over time, but there were no significant
changes in the number of patients affected by specific events.
Microalbuminura did not regress following LAGB surgery
and the median estimated glomerular filtration rate (eGFR)
declined significantly from 62 [54, 78] to 49 [43, 68] mL/
min/1.73m2, with one patient commencing peritoneal dialysis
11 years after LAGB surgery.

Quality of life was assessed at baseline and follow-up using
the SF-36 survey, with scores standardized to the Australian
population mean ± SD of 50 ± 10. The outcomes for the group
of 60 included patients are presented in Fig. 3. Despite the
passage of more than a decade, significant improvements in
the composite physical health score and in the scores for the

domains of physical function, role physical, general health,
and vitality were observed.

We performed linear regression analysis to identify factors
associated with HbA1c at the final visit, undertaken at a me-
dian of 12 years after LAGB surgery. The input variables were
percent weight loss and number of glucose-lowering medica-
tions at follow-up, sex, and baseline measures of number of
glucose-lowering medications, age, diabetes duration,
HbA1c, and beta-cell function derived from fasting glucose
and C-peptide (HOMAB [15]). Percent weight loss and base-
line HbA1c were the only factors independently associated
with the final HbA1c, accounting for 19 and 6% of its vari-
ance, respectively (Supplemental Table 1).

Discussion

This is the first report of long-term diabetes outcomes fol-
lowing LAGB. Our cohort sustained substantial weight
loss over more than a decade, with associated improve-
ments in HbA1c and quality of life. At follow-up, diabetes
remission was observed in 11 (18%) out of the 60 partici-
pants, with 29 patients (48%) achieving HbA1c ≤ 6.5%.
These glucose outcomes are similar to those seen 5 years
after sleeve gastrectomy and gastric bypass surgery in ran-
domized trials, in which around 40% of the participants
attained HbA1c ≤ 6.5% (5, 6).

The 10-year weight outcomes of our cohort were similar to
those seen in the general population of obese patients at our
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Fig. 2 Weight loss over 10 years following LAGB surgery. Weight loss
for the 60 included (filled circles) and 53 excluded (open circles) patients
are shown. Included patients had all been followed for more than 10 years
after surgery whereas 34 of the 53 excluded patients had stopped
attending clinic before 10 years. a Median percent weight loss over

half-yearly intervals. b Per-patient percent weight loss averaged over
the duration of clinic follow-up by calculating the area under the weight
loss curve and dividing by follow-up time. The median and interquartile
range of each group is indicated. cMedian HbA1c over half-yearly inter-
vals for the 60 included patients
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[13] and other [18, 19] LAGB centers and was comparable to
the 10-year weight loss observed in obese Swedes with T2D
undergoing fixed or adjustable gastric band surgery [20]. This
degree of weight loss far exceeded the 6% seen after a decade
of intensive lifestyle intervention for overweight and obese

people with T2D [2]. The substantial 43% rate of revision
surgery over the 12-year follow-up period was nonetheless
comparable to that seen in our prior series of obese people
[13], but lower than that observed in the other LAGB cohort
followed for more than 10 years [18].

Table 2 Clinical characteristics
and diabetes outcomes of
included patients at baseline and
after more than 10 years’ follow-
up

Baseline Follow-up P value

Age (years) 50 [44, 53] 62 [55, 65] –
Weight (kg) 116 [101, 137] 96 [88, 115] < 0.0001
Weight loss (%) – 17 [12, 22] –
Excess weight loss (%) – 43 [24, 60] –
BMI (kg/m2) 40.2 [37.5, 47.1] 33.8 [30.5, 38.9] < 0.0001
Waist circumference (cm) 126 [113, 140] 109 [98, 123] < 0.0001
Systolic blood pressure (mmHg) 143 [131, 155] 130 [125, 150] 0.0054
Diastolic blood pressure (mmHg) 88 [80, 94] 80 [71, 88] 0.0024
Duration of diabetes (years) 1.9 [1.1, 8.5] 13.9 [12.7, 20.4] –
Number of patients with a history of…
Retinopathy 6 8 0.7772
Neuropathy 4 8 0.3621
Microalbuminuria 12 13 1.0000
Macroalbuminuria 7 5 0.7623
30 < eGFR < 60 2 8 0.0946
eGFR < 30 0 1 1.0000
Cardiac ischaemic event 2 7 0.1629
Stroke 2 5 0.4390
Lower limb revascularisation 0 2 0.4958
GERD 17 24 0.2480

Smoking status (N)
Current smoker 7 9 0.7944
Ex-smoker 26 24
Never smoked 28 28

Number of glucose-lowering medications 1 [1, 2] 1 [0, 2_] 0.7104
Number of blood pressure-lowering medications 1 [0, 2] 1 [0, 2] 0.9289
Total number of medications 4 [2, 6] 5 [3, 7] 0.1419
Number of patients taking…
Metformin 40 39 1.0000
Sulfonylurea 24 11 0.0153
Glitazone 3 0 0.2437
DPP4 inhibitor 0 5 0.0573
SGLT2 inhibitor 0 4 0.1187
Exenatide 0 3 0.2437
Insulin 10 12 0.814
Blood pressure-lowering medication 41 41 1.0000
Lipid-lowering medication 22 39 0.0033
Anti-platelet medication 15 20 0.4220
Inhaled respiratory medication 9 4 0.2394
Anti-reflux medication 11 23 0.0251
Anti-depressant medication 14 18 0.5361

Fasting biochemistry
Glucose (mmol/L) 8.6 [7.4, 10.6] 7.5 [5.9, 10.5] 0.0816
HbA1c (%) 7.8 [7.1, 9.3] 6.6 [6.1, 8.4] 0.0004
HbA1c (mmol/mol) 62 [54, 78] 49 [43, 68] 0.0004
Cholesterol (mmol/L) 5.0 [4.2, 5.9] 4.2 [3.7, 5.0] 0.0006
Triglyceride (mmol/L) 2.0 [1.4, 2.6] 1.5 [1.0, 2.0] 0.0001
HDL cholesterol (mmol/L) 1.11 [0.99, 1.39] 1.22 [1.01, 1.53] 0.0765
LDL cholesterol (mmol/L)a 2.8 [2.2, 3.6] 2.4 [1.8, 2.9] 0.0195

eGFR (mL/min/1.73m2) 62 [54, 78] 49 [43, 68] 0.0001

aMissing for 2 and 1 patient at baseline and follow-up, respectively
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Randomized trials of bariatric surgery for T2D [4–6] have
shown that substantial, sustained weight loss improves
HbA1c out to 5 years. We extend these findings by showing
glycemic benefit out to 12 years, when HbA1c and fasting
glucose improved more than 1% and 1 mmol/L, respectively,
despite similar intensity of glucose-lowering therapy. In con-
trast, lifestyle intervention for weight loss to achieve 6%
weight loss at 10 years did not deliver sustained improvement
in HbA1c [2]. Greater weight loss may therefore be required
to achieve glycemic benefit in the longer term, as suggested by
time-course studies of obese people with metabolic syndrome
in which more than 11% weight loss was required for the
majority to revert from hyper- to normoglycemia [21].
Furthermore, our finding that weight loss after more than
a decade is the predominant factor associated with the
HbA1c at follow-up is consistent with recent analyses from
the Swedish Obese Subjects (SOS) study reporting that the
degree of weight loss after bariatric surgery correlated
strongly with fasting glucose and diabetes remission after
ten or more years [7, 20].

The intensity of glucose-lowering therapy and overall med-
ication use did not change significantly between the baseline
and final clinical assessment, a finding consistent with the
outcomes of SOS participants with T2D who underwent bar-
iatric surgery [22]. This finding contrasts with clinical trial
outcomes showing decreased use of glucose-lowering medi-
cations after 5 years [4–6], but is consistent with high rates of
diabetes relapse following surgical-induced remission [23].
Possible explanations for this discrepancy include differences
in study populations and their diabetes management and the
shorter duration of follow-up in the clinical trial cohorts.
Glucose-lowering medication is therefore probably an

important component of long-term diabetes management in
Breal life^ cohorts undergoing bariatric surgery. One implica-
tion is that the glycemic and weight loss benefit of bariatric
surgery might be improved even further with modern regi-
mens that incorporate newer drugs such as including
glucagon-like peptide (GLP) agonists and sodium-glucose
co-transporter (SGLT) antagonists.

The reduction in LDL cholesterol of 0.4 mmol/L after a
median of 12 years’ follow-up is probably explained by the
corresponding increase in statin use because LAGB has no
significant effect on LDL cholesterol concentration [4, 16,
24]. Higher use of anti-reflux medication is consistent with
reports of increased gastro-oesophageal reflux symptoms fol-
lowing LAGB [25], particularly in patients with proximal di-
latation [26], which affected many of the patients who
underwent revision surgery. Ongoing innovations in the
LAGB technique and post-surgical follow-up may reduce
the impact of this significant complication.

Vascular complications of diabetes continued to occur in
our patients, albuminuria persisted and eGFR declined signif-
icantly at follow-up. These observations suggest factors other
than body weight and blood glucose are important determi-
nants of diabetes complications in T2D patients undergoing
LAGB surgery. They also highlight the importance of multi-
factorial medical therapy, which has a proven role in
preventing diabetes complications [27].

After a median of 12 years after LAGB surgery, we ob-
served significant improvements in several aspects of quality
of life. Randomized trials have shown similar improvements
at 5 years [4–6], with the Italian RCT [6], which achieved the
greatest weight loss (30%), also showing improvement in
mental health. More modest weight loss through lifestyle
modification did not prevent age-related declines in quality
of life in the Look AHEAD study [28], suggesting that
sustained weight loss of more than 10% body weight might
be needed to preserve and improve quality of life in obese
people with T2D. This finding is extremely relevant for health
payers because the economic benefit of bariatric surgery for
T2D is primarily driven by the quality-adjusted life-year
(QALY) gain from weight loss with protection from diabetes
complications delivering relatively modest QALY gains and
cost savings [20, 29, 30].

Several limitations warrant discussion. This was an uncon-
trolled study and any conclusions regarding potential benefits
or harms of LAGB rely on comparison to earlier studies.
Although we strived to follow the entire cohort of 113 pa-
tients, weight data were only available for 70% and nearly
half did not provide follow-up diabetes outcome data. It is
likely that the excluded cohort, enriched for people who had
died, had band explant or chronic illness, would have had less
substantial weight loss and lower quality of life after 10 years
when compared to the included cohort. The generalizability of
our findings may also be questioned by the ongoing decline in
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Fig. 3 Quality of life outcomes at baseline and more than 10 years after
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these patients at follow-up
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popularity of LAGB surgery [11] and the evolution of GLP-
and SGLT-based therapies, which were not available when our
patients underwent LAGB surgery. The degree to which these
newer therapies improve diabetes outcomes and weight
loss after bariatric surgery is an uncertain but important
area of further research. Despite these limitations, it is im-
portant to document long-term LAGB outcomes as they are
likely to be reproduced by other interventions that primar-
ily restrict caloric intake without altering gut absorption
and endocrine function. Furthermore, there is likely to be
ongoing use of LABG, particularly in niche areas such as
low BMI or the extremes of age.

In summary, after more than a decade, LAGB surgery for
obese people with T2D delivered substantial, sustained weight
loss that correlated with improved glucose control without
significant changes in medication burden. Revision surgery
and gastric reflux symptoms are common LAGB complica-
tions that should be discussed with candidate patients.
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