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OBJECTIVE

The impact of bariatric surgeries on insulin-treated type 2 diabetes (I-T2D) in the
general population is largely undocumented. We assessed changes in insulin
treatment after bariatric surgery in a large cohort of I-T2D patients, comparing
Roux-en-Y gastric bypass surgery (RYGB) with laparoscopic adjustable gastric
banding (LAGB), controlling for differences in weight loss between procedures.
RESEARCH DESIGN AND METHODS

PATHOPHYSIOLOGY/COMPLICATIONS

Of 113,638 adult surgical patients in the Bariatric Outcomes Longitudinal Database
(BOLD), 10% had I-T2D. Analysis was restricted to 5,225 patients with I-T2D and at
least 1 year of postoperative follow-up. Regression models were used to identify
factors that predict cessation of insulin therapy. To control for differences in
weight loss patterns between RYGB and LAGB, a case-matched analysis was also
performed.
RESULTS

Of I-T2D patients who underwent RYGB (n = 3,318), 62% were off insulin at 12
months compared with 34% (n = 1,907) after LAGB (P < 0.001). Regression analysis
indicated that RYGB strongly predicted insulin cessation at both 1 and 12 months
postoperatively. In the case-matched analysis at 3 months, the proportion of insulin
cessation was signiﬁcantly higher in the RYGB group than in the LAGB group (P = 0.03),
and the diabetes remission rate was higher at all time points after this surgery. RYGB
was a weight-independent predictor of insulin therapy cessation early after surgery,
whereas insulin cessation after LAGB was linked to weight loss.
CONCLUSIONS

I-T2D patients have a greater probability of stopping insulin after RYGB than after
LAGB (62% vs. 34%, respectively, at 1 year), with weight-independent effects in
the early months after surgery. These ﬁndings support RYGB as the procedure of
choice for reversing I-T2D.
Obesity and associated type 2 diabetes have reached epidemic proportions,
becoming a major health concern in the U.S. and worldwide. The International
Diabetes Federation reported that 366 million people had diabetes in 2011 worldwide and estimated that 552 million people will be affected by 2030 (1).
Various interventions have been shown to control or improve type 2 diabetes (2–
4). However, bariatric surgery is one of the very few modalities known to bring type
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2 diabetes into remission and even to
prevent the development of diabetes
in obese patients (3–6). As a result,
weight loss operations such as Roux-en-Y
gastric bypass (RYGB) and laparoscopic
adjustable gastric banding (LAGB) have
been incorporated in the treatment guidelines of diabetes societies, including the
American Diabetes Association and the International Diabetes Federation (7).
Although bariatric surgeries lead to
signiﬁcant improvement in glucose homeostasis, most patients included in
studies are only on oral hypoglycemic
agents. Our knowledge of outcomes in
insulin-treated patients is based on
studies with small numbers of subjects
limited to trial settings (8,9), but it is
unclear whether these outcomes can
be extrapolated to the general population. Insulin requirement is in fact associated with a lower diabetes remission
rate. With .25% of type 2 diabetic patients being treated with insulin, a more
detailed understanding of diabetes improvement following surgery in this patient cohort is required.
To ﬁll this knowledge gap, we reviewed the Bariatric Outcomes Longitudinal Database (BOLD), a nationwide
database of .100,000 bariatric patients
from .100 bariatric centers, to identify
and analyze a large cohort of insulintreated patients who had undergone
bariatric surgery. In particular, we
were interested in examining the role
of surgical procedure versus weight
loss in the postsurgical cessation of
patients’ insulin therapy.
RESEARCH DESIGN AND METHODS

The American Society for Metabolic and
Bariatric Surgery Centers of Excellence
developed BOLD to prospectively collect
information on patients undergoing
bariatric surgery, and it has been used
in previously published works (10–12).
Several important measures taken to
ensure quality and accuracy of the
data include ongoing staff training, business and validation rules to reject data
entry errors, automated data quality reports, and site inspections for data veriﬁcation (10–12). All patients provide
written informed consent to secondary
use of their data for research. BOLD is
also available to researchers in the form
of a deidentiﬁed national data repository. The use of BOLD was mandatory
for participants in the Bariatric Center
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of Excellence program, and its funding
was included in the program fees.
After obtaining approvals from our Institutional Review Board and the BOLD
Data Dissemination Committee, we
were provided with a data subset on
patients who had undergone bariatric
surgery between 2007 and 2010. Patient
follow-up information was formatted in
1-month, 3-month, and subsequent biannual entries. Inclusion criteria for the
present study were 1) RYGB or LAGB
surgical procedure, 2) age $18 years,
3) presence of insulin-treated diabetes
regardless of duration, 4) BMI $35 kg/m2,
and 5) availability of 12 months of postoperative follow-up data. Patients who
had hand-assisted or robotic-assisted
approaches were excluded because of
their limited number (,10) and the experimental feature of these procedures.
Patients were placed into the RYGB
group or the LAGB group according to
the surgical procedure.
Comorbidities in BOLD, including type
2 diabetes, were each assigned a disease
severity level using the following 6-point
Likert scale to facilitate tracking comorbidity changes after the surgery (13): 0 =
no symptoms or evidence of diabetes;
1 = elevated fasting glucose; 2 = diabetes,
controlled with oral medication; 3 =
diabetes, controlled with insulin; 4 =
diabetes, controlled with insulin and
oral medication; and 5 = diabetes, with
severe complications (retinopathy, neuropathy, renal failure, blindness). Patients
with type 2 diabetes severity level $3
were included and considered to be in
type 2 diabetes clinical remission if they
reached level 1 or 0 postoperatively, as
deﬁned by DeMaria et al. (11). Patients
who were reclassiﬁed postoperatively as
severity level #2 were counted as having
ceased insulin therapy (11).
Weight loss in the present study is
reported as percent excess body weight
loss (%EBWL), the weight-loss parameter captured in BOLD as originally recommended by the American Society
for Metabolic and Bariatric Surgery
Standards Committee (14). Although
several authorities have recommended
using change in BMI or total weight to
monitor weight loss after surgery (15),
we opted to retain %EBWL for consistency with other reports from this database (10–12). Metropolitan Life
Insurance Tables (1999) were used to
calculate %EBWL (16).

To minimize the impact of outliers,
the nonparametric Wilcoxon rank sum
test was used to compare continuous
variables. The x2 test was used to compare categorical variables. In addition to
comparative statistics, two separate regression models were developed for the
overall cohort to evaluate the impact of
various factors on insulin therapy cessation at two postoperative time points:
1 month and 12 months. Data are presented as mean and SD unless stated
otherwise.
To highlight the impact of procedure
on insulin therapy and control for other
factors, including weight loss, a casematched analysis was performed. We
used the Coarsened Exact Matching
(CEM) procedure within Stata software
(StataCorp, College Station, TX) to match
the RYGB and LAGB patients (17). With
this statistical approach, causal inferences
can be drawn from an observational
study by choosing well-matched samples
from the two experimental groups, essentially simulating a randomized controlled trial (18). The preoperative
characteristics used for matching, including age, BMI, and sex, have all been
shown to have a signiﬁcant impact on
glucose homeostasis after bariatric procedures (19–21). Furthermore, to minimize
the impact of weight loss in the comparison, the groups were also matched for
%EBWL at 1, 3, 6, and 12 months (19–22).
In exact matching, all patients were ﬁrst
arranged into strata, each of which had
identical values for all the coarsened preoperative covariates, and then all patients
within any stratum who did not have at
least one observation for each unique
value of the grouping variable were removed. One-to-one exact matching was
used to eliminate the requirement of adding weights in a parametric model to carry
out comparisons and control for variations across the groups. Patients who
could not be matched were removed
from the case-matched analysis.
RESULTS

Within the study period, we identiﬁed
11,419 adult patients who had insulintreated type 2 diabetes, comprising
;10% of the 113,638 patients who had
undergone bariatric surgery. Of the
5,225 patients who met all inclusion criteria, 3,318 had undergone RYGB
(63.5%) and 1,907 had undergone
LAGB (36.5%). Baseline characteristics
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of these two groups were similar in
terms of sex and race, but RYGB patients
were on average 1.8 years younger and
had a 2.1 kg/m 2 higher preoperative
BMI (Table 1). Additionally, compared
with the LAGB group, preoperative
RYGB patients had a slightly higher proportion on oral diabetic medications
plus insulin (severity level 4) and a
slightly lower proportion on insulin
alone (severity level 3).
After surgery, the number of patients
who ceased insulin therapy increased
with time in both groups, but the proportion in the RYGB group was approximately twice that in the LAGB group at
all four postoperative time points. One
month after surgery, 30.7% of RYGB patients were off insulin vs. 14.5% of LAGB
patients (P , 0.001). In the RYGB group
at 3, 6, and 12 months, 44.6%, 55.4%,
and 62.5% were off insulin, respectively.
Corresponding proportions for the LAGB
group (22.2%, 29.5%, and 33.9%, respectively) were all signiﬁcantly lower
(P , 0.001) (Fig. 1). Clinical remission
of type 2 diabetes (severity level 0 or
1) was reported in 22.5%, 34.4%,
43.2%, and 50.3% of patients in the
RYGB group vs. 7.0%, 11.3%, 16.0%,
and 19.3% of patients in the LAGB group
at 1, 3, 6, and 12 months, respectively.
RYGB patients achieved signiﬁcantly
greater weight loss (%EBWL 19.7%,
36.8%, 53.2%, and 62.8% at 1, 3, 6, and
12 months, respectively). In contrast,
patients in the LAGB group achieved signiﬁcantly lower weight loss at the corresponding time points (%EBWL 14.5%,
21.9%, 29.4%, and 32.3%, respectively;
P , 0.001).
Multiple regression analyses for the
overall study cohort revealed that surgical
choice of RYGB was a strong predictor of
postoperative cessation of insulin therapy

both early (1 month) and late (12
months), controlling for age, sex, preoperative BMI, and %EBWL. At the early
stage, younger age and greater weight
loss were also weaker predictors of insulin therapy cessation. Age, sex, and preoperative BMI were similarly weak
predictors of insulin therapy cessation at
the later stage (Table 2). Overall, the data
reveal that the choice of surgical intervention is the strongest predictor of insulin
therapy cessation at both early and late
time points, with minimal contributions
from other factors.
The second analysis focused on a
matched cohort comprising 198 patients from each group using the CEM
method. The resulting groups exhibited
no signiﬁcant differences in characteristics (;72% female, 84% Caucasian, average age 56 years, BMI 46.4 kg/m2).
Severity of diabetes did not differ significantly between groups, with ;60% of
patients categorized as severity level 4
(insulin and oral medication) in each.
Despite the matched postoperative
%EBWL for the two groups, a greater percentage of the RYGB group was able to
cease insulin treatment compared with
the LAGB group; the difference at
3 months was statistically signiﬁcant
(RYGB 37.1%, LAGB 26.3%, P = 0.03)
(Fig. 2). RYGB patients in the matched cohort reported 14.4%, 28.0%, 30.7%, and
35.7% clinical remission of type 2 diabetes at 1, 3, 6, and 12 months, respectively,
whereas LAGB patients reported 7.0%,
12.9%, 19.3%, and 24.4% clinical remission at corresponding time points (P values 0.02, ,0.001, 0.01, and 0.01 for 1, 3,
6, and 12 months, respectively).
CONCLUSIONS

The role of bariatric surgery in bringing
type 2 diabetes into remission is well

Table 1—Comparison of preoperative patient characteristics between the LAGB
and RYGB groups in the overall BOLD cohort
LAGB (n = 1,907)

RYGB (n = 3,318)

Female sex

66.4

66.9

Race (% Caucasian)

81.4

81.8

Age (years)

54.9 (10.7)

53.1 (9.8)‡

Preoperative BMI (kg/m2)

45.8 (7.2)

47.9 (8.4)‡

30.9
61.5
7.6

26.3‡
65.3‡
8.4

Diabetes severity
Insulin
Insulin and oral medication
Severe complications†

Data are presented as % or mean (SD). ‡P , 0.01. †Retinopathy, neuropathy, renal failure, or
blindness.

recognized (5,6,8,11). Although a high
diabetes remission rate has been reported with metabolic procedures,
lower remission rates are observed
in patients on insulin therapy (22).
Because ;30% of U.S. patients with diabetes are on insulin therapy, providing
their health-care providers with data on
the likely outcomes of metabolic interventions could be of great value (23).
Apart from the ideal outcome of diabetes remission, insulin cessation itself
would dramatically beneﬁt the patient
in terms of cost, complexity of dosing,
administration, and risks associated
with insulin therapy (e.g., weight gain,
hypoglycemia). Insulin therapy cost ;$6
billion in the U.S. in 2012, and an estimated 100,000 emergency room visits
and 30,000 hospitalizations annually
are attributed to hypoglycemia (24). Despite the importance of understanding
the impact of bariatric procedures on
insulin-treated patients, few studies
have speciﬁcally focused on this patient
cohort.
The present study revealed that 62%
and 34% of the RYGB and LAGB groups,
respectively, were able to stop insulin
therapy 1 year after surgery. Moreover,
clinical remission of diabetes was observed in 50.3% and 19.3% of the RYGB
and LAGB groups, respectively. These
data lead to several important conclusions: 1) advanced type 2 diabetes, as deﬁned by insulin therapy, is amenable to
remission by bariatric surgery; 2) many of
those who do not achieve remission no
longer require insulin postoperatively; 3)
RYGB appears superior to LAGB for its
ability to improve metabolic parameters
in this patient subset, especially at the
earlier time point of 3 months; and 4)
the weight loss–independent improvement in glucose control following RYGB
is observed even in a cohort with insulintreated type 2 diabetes.
The ﬁndings are useful for patients
and physicians when discussing modalities for diabetes management. Of note,
these ﬁndings were obtained from a
large national cohort (rather than a selected group of patients in a trial setting)
and, therefore, are more applicable to
the average diabetic patient on insulin.
The present study provides a context
for smaller studies on diabetes improvement in insulin-treated patients. Schauer
et al. (25) found that 79% of 52 insulintreated diabetic patients were off insulin
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Figure 1—Comparison of %EBWL and percentage of patients off insulin following bariatric
procedures in the overall BOLD cohort. P , 0.001 for all comparisons between RYGB and LAGB.

at an average of 20 months’ follow-up,
consistent with our observed 62% insulin
cessation at 12 months. Our observed
34% insulin cessation 1 year after LAGB
is similar to the 39% reported by Singhal
et al. (26) in a cohort of 69 insulin-treated
patients who had undergone LAGB.
The greater likelihood of insulin cessation and diabetes remission in the
present insulin-treated cohort after
RYGB could be due to the greater degree
of weight loss after this procedure. In
fact, Busetto et al. (27) ascertained
from the meta-analysis by Buchwald
et al. (28) that ;95% of the variability
in diabetes remission can be explained
by the difference in weight loss after
these procedures. The importance of
degree of weight loss was assessed in
RYGB patients by Casella et al. (22),
who showed that weight loss alongside
duration of diabetes was an important
independent factor in predicting
diabetes improvement in patients after
surgery. Similarly, in a study of 71 insulintreated patients who had undergone
RYGB, Kadera et al. (29) observed that
percent excess weight loss and insulin
dosing, but not diabetes duration,

were signiﬁcant predictors of diabetes
remission in this population. The present
study also demonstrates that the degree
of weight loss as well as age, sex, and
preoperative BMI contributes to insulin
therapy cessation after surgery but that
these factors are weak predictors after
accounting for the choice of surgical procedure. For insulin-treated type 2 diabetic patients considering weight loss
surgery, these results highlight the important consideration that the type of
surgical intervention can be a major determinant in the resolution of diabetes.
A case-matched analysis between the
RYGB and LAGB groups was performed
to control for the aforementioned factors to ascertain the impact of procedure type on diabetes remission. Of
note, this matching likely compares the
good LAGB responders with the poor
RYGB responders. Nevertheless, given
the distinct characteristics of the two
procedures, this matching method offers the best approach to compare
weight loss–independent differences.
Despite nearly identical preoperative
characteristics and postoperative weight
loss, RYGB led to signiﬁcantly improved

Table 2—Factors that affect the odds of insulin cessation after bariatric surgery,
identiﬁed using regression analysis of the overall BOLD cohort
Early (1 month)

Late (12 months)

Sex (% male)

1.02 (0.88–1.19)

0.85 (0.75–0.96)‡

Race (% Caucasian)

0.94 (0.83–1.10)

0.95 (0.85–1.05)

Procedure (% RYGB)

2.21 (1.88–2.61)‡

1.57 (1.34–1.84)‡

Age (years)

0.98 (0.98–1.00)‡

0.98 (0.98–0.99)‡

Preoperative BMI (kg/m2)

1.00 (0.99–1.01)

1.01 (1.00–1.02)†

%EBWL

1.03 (1.02–1.04)‡

1.02 (1.02–1.03)‡

Data are presented as odds ratio (95% CI). Boldface indicates factors with statistically signiﬁcant
impact at each stage. ‡P , 0.01. †P , 0.05.

rates of diabetes remission and insulin
therapy cessation. The diabetes remission and insulin cessation differences
were signiﬁcant at 3 months, highlighting the early and weight-independent
beneﬁts of RYGB in glucose homeostasis.
Multiple mechanisms have been implicated as contributing to the metabolic
beneﬁts of RYGB, including changes in
hormone secretion patterns, intestinal
glucose absorptive capacity, bile salt circulation, and microbiome composition
(30–32), but their relative contributions
to diabetes remission are still a matter of
debate (33). However, weight loss plays a
major role in metabolic beneﬁts of both
RYGB and LAGB later after surgery, highlighting the need to sustain the optimal
weight loss in diabetic patients.
One limitation of the present study is
its retrospective nature, despite prospective data collection. More importantly, BOLD does not track duration of
diabetes, fasting blood glucose, HbA1c, or
insulin dosing, so a categorical clinical evaluation scale is used to assess diabetes severity rather than these more quantitative
measures. Although the absence of these
parameters from the database somewhat
limits our comparison, the differences between groups even with the categorical
assessments are striking and valuable. Insulin therapy should be a sufﬁciently robust indicator of diabetes severity, and its
impact on lifestyle and simple binary character increase its accurate capture. We acknowledge that there is variation in
practice in insulin administration, but given
the size of the cohort, these variations
should be similar between the two groups.
In 219 diabetic patients, Kim and Richards
(21) observed the same rate of diabetes
remission at 12 months and 24–48 months
of follow-up, which suggests that the 12month follow-up presented in the current
study is an adequate monitoring point. No
data are provided on sleeve gastrectomy
because very few cases were captured in
BOLD over the study period.
Although a randomized controlled trial would be the optimal design to determine the efﬁcacy of the bariatric surgery
in insulin-treated diabetic patients, it
would be difﬁcult to justify a clinical trial
comparing two procedures with different safety proﬁles and outcomes. Thus,
evaluation of a large national cohort to
ascertain the impact of bariatric surgery
is the next best approach with applicable results for the general population.
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Figure 2—Comparison of %EBWL and percentage of patients off insulin following bariatric
procedures in the matched cohort. †P = 0.03 for percentage off insulin at 3 months between
RYGB and LAGB.

Moreover, the CEM method permitted
us to simulate a randomized controlled
trial with the BOLD observational data.
Given the high incidence of diabetes and
its impact on multiple organ systems,
we advocate for collection of more
quantitative data on diabetes in the national bariatric outcomes databases, including HbA1c and disease duration.
In summary, RYGB appears to be a superior procedure for obese patients with
diabetes who seek surgical treatment, especially those with more advanced disease being treated with insulin. Even
patients with advanced disease have a
50% chance of diabetes remission and
a .60% chance of stopping insulin therapy at 1 year, which could have a major
positive impact on patient quality of life
and lead to signiﬁcant cost savings.
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