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and patient populations, including those with T2D.43,46,50–53 Our
study showed significant reduction in the cost of admission for
bariatric surgery likely due to the decrease of length of hospital
stay, substantial reductions in the rates of complications occurring
during the initial admission for surgery, among other reasons. Our
estimate of median bariatric surgery hospitalization cost of around
$12,900 is lower than the median cost of $17,800 reported for ventral
hernia repair using the 2014 NIS data with similar methods to ours.54

Kim et al53 predicted that both commercial payers and government
payers would accrue greater returns on their investment if they
eliminated the cost-sharing for patient with T2D and a BMI of
40 kg/m2 or higher. Such an expansion in coverage at the population
level was also associated with an additional 70.7 QALYs gained and
an estimated $7 million in cost-savings.53

One other important finding of our study was a possible racial
disparity in the utilization of bariatric surgery. Although we observed
an increasing utilization of bariatric surgery in minorities and
individuals covered by state or federal insurance programs, others
suspected that minorities’ racial groups (blacks and Hispanics) may
not have the same access to bariatric surgery as whites.55 The present
study’s results are in agreement with past reports that the patient
population in general that receives bariatric surgery is composed of
approximately 70% non-Hispanic whites, 15% non-Hispanic blacks,
and 10% Hispanics. Although these proportions approximate the
racial make-up of the general population as a whole (61% non-
Hispanic white, 13% non-Hispanic black, and 18% Hispanic),56

current best estimates indicate that the age-adjusted prevalence of
severe obesity is higher in non-Hispanic blacks (11.8%) and His-
panics (8%) than non-Hispanic whites (7.5%).12 Thus, as minority
groups (non-Hispanic blacks and Hispanics) have a greater preva-
lence of class II and III obesity than non-Hispanic whites,12,57 it is

possible that the past and also current utilization rates of bariatric
surgery by minorities is lower than what would be expected in view
of greater obesity and metabolic complication rates in minority
groups.58

Although the present study is the first to report on the
evolution of bariatric surgery since adoption of the NIH guidelines,
certain limitations are intrinsic to national databases. First, we were
unable to account for possible miscoding of or missing data points in
the NIS, particularly race groups. Also, the NIS only includes
inpatient bariatric procedure and does not provide information
regarding outpatient procedures. Although outpatient surgery was
indeed more common in between 2008 to 2012 during the years when
laparoscopic AGB was still frequently used, the American Society of
Metabolic and Bariatric Surgery estimated that well over 90% of all
procedures were performed in the inpatient setting in 2016.15 There-
fore, further inclusion of only primary outpatient procedures is
expected to minimally impact our recent (under)utilization estimates,
particularly when considering our conservative estimates of the
eligible population with class II obesity as those with T2D, hyper-
tension, and/or hypercholesterolemia. Of note, the estimates of
number of surgery per year from the ASMBS differ from our study
as the NIS data provide estimates for inpatient primary bariatric
surgeries only, whereas the ASMBS estimates includes inpatient and
outpatient surgeries, revisions, and endoscopic procedures such as
intragastric balloons.15 Although the ASMBS estimates are partially
based on the NIS, it also draws information from the American
College of Surgeons Metabolic and Bariatric Surgery Accreditation
and Quality Improvement Program and other quality improvements
datasets. Lastly, and as pointed out above, it must be underscored that
morbidity and mortality rate in any NIS analyses only represent
complications and mortality that occurs during the index admission
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FIGURE 2. Number of inpatient primary bariatric surgery procedures and initial admission complication and mortality rates in the
United States from 1993 to 2016.
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Reduction in Long-term Mortality
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of surgery, though the study was not powered to 
compare types of intervention or different de-
grees of weight loss within the surgery group.

The causes of death are summarized in Ta-
ble 2. There were 53 deaths from cardiovascular 
causes in the control group and 43 in the surgery 
group. The most common cardiovascular causes 
of death were myocardial infarction, sudden death, 
and cerebrovascular damage. Cancer was the most 
common cause of death from noncardiovascular 
causes.

In Table 3, hazard ratios for overall mortality 
are shown from stepwise multivariate analyses 
on the basis of matching and baseline data. Uni-
variate hazard ratios for all measured risk factors 
are shown in Table 4. The adjusted hazard ratio 
for surgery is similar on the basis of matching 
data (0.73, P = 0.02) and of baseline data (0.71, 
P = 0.01), although the two models did not use 
exactly the same variables. In both models, the 
strongest predictors were age and smoking (Ta-
ble 3), and the strongest univariate predictors were 
levels of plasma triglycerides and blood glucose 
(Table 4).

Overall mortality was higher in subjects who 
had had cardiovascular events (myocardial infarc-
tion or stroke) before baseline (24.5% in the con-
trol group and 19.6% in the surgery group) than 
in subjects without such events (5.9% and 4.7%, 

respectively). However, there was no interaction 
between study group and previous cardiovascu-
lar events (Fig. 1 of the Supplementary Appendix), 
and the unadjusted hazard ratio for subjects with-
out previous cardiovascular events at baseline was 
0.77 (P = 0.06), which differs only marginally from 
the hazard ratio of 0.76 for all subjects. Hence, 
the inclusion of patients with previous cardiovas-
cular events did not seem to drive our findings.

Adverse Events
Within 90 days after surgery, five subjects in the 
surgery group (0.25%) and two subjects in the 
control group (0.10%) died. No postoperative 
deaths occurred among subjects who had previ-
ously had cardiovascular events. Postoperative com-
plications have been reported previously.11 Among 
1338 subjects who were followed for at least 10 
years, the frequencies of reoperations or conver-
sion surgeries (excluding operations caused by 
postoperative complications) were as follows: 
banding, 31%; vertical-banded gastroplasty, 21%; 
and gastric bypass, 17%.

Discussion

In this prospective, controlled study, we showed 
that bariatric surgery in obese subjects was associ-
ated with a reduction in overall mortality, as com-
pared with conventional treatment in contempo-
raneously matched, obese controls. The observed 
reduction in the rate of death was further im-
proved after adjustment for major confounders. 
Our findings are in agreement with surgical, retro-
spective cohort studies19-22 and with observation-
al prospective studies that attempted to separate 
intentional from unintentional weight loss occur-
ring before the baseline examination.16-18 However, 
our observations are at variance with most other 
observational studies regarding weight loss.12-15,34 
We cannot evaluate the effects of weight loss on 
death rate separately within the two study groups, 
given the limits of our study’s statistical power. 
Therefore, we cannot determine whether the fa-
vorable survival effect of bariatric surgery is ex-
plained by weight loss or by other beneficial ef-
fects of the surgical procedures.

Our study began 4 years before the consensus 
conference on bariatric surgery was convened by 
the National Institutes of Health in 1991.35 Thus, 
we had to define BMI cutoffs for the study. On 
the basis of the largest epidemiologic study avail-
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Figure 2. Unadjusted Cumulative Mortality.

The hazard ratio for subjects who underwent bariatric surgery, as compared 
with control subjects, was 0.76 (95% confidence interval, 0.59 to 0.99; 
P = 0.04), with 129 deaths in the control group and 101 in the surgery group.

The New England Journal of Medicine 
Downloaded from nejm.org on August 1, 2015. For personal use only. No other uses without permission. 
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bariatric patients, 74% had Roux-en-Y gastric bypass, 15% had
sleeve gastrectomy, 10% had adjustable gastric banding, and
1% had another procedure.

Association Between Bariatric Surgery and Mortality
in Matched Cohorts
At the end of the 14-year study period, there were a total of 263
deaths in the surgical group (n = 2500; mean follow-up, 6.9
years) and 1277 deaths in the matched control group (n = 7462;

mean follow-up, 6.6 years). Kaplan-Meier estimated mortal-
ity rates were 2.4% at 1 year, 6.4% at 5 years, and 13.8% at 10
years for surgical patients; for matched controls, estimated
mortality rates were 1.7% at 1 year, 10.4% at 5 years, and 23.9%
at 10 years (Figure).

In multivariable-adjusted Cox regression (Table 2), bariat-
ric surgery was not associated with all-cause mortality in the
first year of follow-up (HR, 1.28 [95% CI, 0.98-1.68]), but was
associated with lower mortality after 1 to 5 years (HR, 0.45

Figure. Kaplan-Meier Estimated Mortality Curves for Surgical Patients and Matched Control Patients
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Entire cohort includes 2500 surgical
patients and 7462 matched control
patients; follow-up was censored at
December 31, 2013. Estimated
mortality rates were 2.4% at 1 year,
6.4% at 5 years, and 13.8% at
10 years for surgical patients; for
matched control patients, 1.7% at
1 year, 10.4% at 5 years, and 23.9% at
10 years.

Table 1. Baseline Characteristics of Bariatric Surgical Patients and Matched Control Patients (continued)

No. (%)
Surgical Patients

(n = 2500)
Matched Control Patients

(n = 7462)
Standardized

Differences, %b

Diagnosesa

Hypertension 2012 (80) 5201 (70) 24

Dyslipidemia 1514 (61) 3905 (52) 17

Arthritis 685 (27) 1116 (15) 33

Depression 1103 (44) 2411 (32) 25

Coronary artery
disease

494 (20) 1380 (18) 3.2

GERD 871 (35) 1429 (19) 38

Asthma 291 (12) 713 (10) 6.9

Fatty liver disease 164 (6.6) 43 (0.6) 43

PTSD 451 (18) 1198 (16) 5.3

Alcohol abuse 97 (3.9) 462 (6.2) −10

Substance abuse 87 (3.5) 316 (4.2) −3.8

Schizophrenia 44 (1.8) 365 (4.9) −16

Surgical procedure
type

Adjustable gastric
banding

249 (10)

Biliopancreatic
diversion

18 (0.7)

Roux-en-Y gastric
bypass

Laparoscopic 525 (21)

Open 1319 (53)

Sleeve gastrectomy 381 (15)

Vertical banded
gastroplasty

8 (0.3)

Abbreviations: BMI, body mass index;
DCG, Diagnostic Cost Group; GERD,
gastrointestinal reflux disease; IQR,
interquartile range; PCOS, polycystic
ovarian syndrome; PTSD,
posttraumatic stress disorder; VA,
Veterans Affairs; VISN, Veterans
Integrated Service Network.
a All diagnoses were identified from

inpatient and outpatient visit
records using International
Classification of Diseases, Ninth
Revision codes.

b Standardized differences compare
each covariate’s mean or proportion
between the surgical cases and
matches in units of the pooled
standard deviation; the difference is
then multiplied by 100.20
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clear survival advantage for those patients who received a
gastric bypass.6 However, as acknowledged by the authors,
their study was not able to control for treatment allocation
bias. Christou et al7 matched patients based on age, sex, and
a diagnosis of morbid obesity, but suffered from similar
limitations. Another study by Flum et al4 utilized a
propensity-matching mechanism on a subset of their study
patients to evaluate 5-year survival, but the characteristics
of their propensity model were not published. Our study
adds to the literature by implementing a fully described
propensity-matched analysis, thereby minimizing the effect
of treatment allocation bias. Additionally, our study is the
only one in the literature with true 10-year follow-up on
the entire cohort.

Although variable follow-up periods make direct com-
parison difficult, our observed mortality rates appear to be
similar to those reported elsewhere in the literature.4,6,9

Buchwald et al reported that retrospective and observational
studies had higher mortality rates than other study designs;
however, our 30-day mortality rates were still among the
lowest in the literature.4,10 In the particular case of the Swed-
ish Obesity Study, any differences may be because of case
mix, because only 13% of their patients underwent a gastric
bypass.6,9 Our mortality ratewas higher than that reported by
both Peeters and Christou.7,8 However, the follow-up period
for the surgical cohort in Peeters’ study was fairly short (me-
dian 3.6 years), and Christou only analyzed 5-year sur-
vival.7,8 The differences in 5-year postsurgical survival
between our study and Christou’s remain unclear, but may
be because of underlying differences in our patient popula-
tions. Survival for the control group in Peeters’ study over a

median of 12.8 years, however, was similar to ours.8 Our
exclusive use of a medical cohort as a source of control pa-
tients may result in higher mortality rates for that group
than observed in other studies.6,7 However, our odds ratios
for mortality are similar to those reported in the meta-
analysis by Pontiroli.5

Zhang et al11 demonstrated that the presence of diabetes
significantly reduced survival following surgery. Other
authors have previously demonstrated reliable diabetic
remission rates following bariatric surgery.12 Our study
demonstrates that these patients also obtain a survival
benefit although it may not be evident until 3 years after
surgery.

The Swedish Obesity Study found that bariatric
surgery did not become an independent risk factor for
survival until 13 years after the procedure.9 Our analysis
demonstrates that surgery imparts an appreciable differ-
ence in mortality beginning at about 2 years after surgery.
Again, this difference may be attributable to the small
percentage of gastric bypass patients included in the
SOS. Our findings are similar to those of Christou
et al,7 who also noted a divergence beginning at approxi-
mately 2 years postsurgery. Adams and Christou both
demonstrated that bariatric surgery reduced the risk of
cardiovascular-related mortality.6,7 We believe that the
benefits of risk modification via bariatric surgery take
some period of time to accumulate and exert a noticeable
difference in mortality.

Adams demonstrated increased rates of suicide among
gastric bypass patients.6 We find this observation concern-
ing. Although we are limited in our ability to determine the

Figure 1 Survival for full cohort and diabetic patients. Top graph represents survival for full cohort (P 5 .002) and bottom graph rep-
resents survival for diabetic patients only (P 5 .03). Dashed line indicates gastric bypass cases and solid line indicates nonsurgical controls.

C.A. Guidry et al. Gastric bypass improves survival 465
Sjöström L et al. N Engl J Med 2007;357:741-752 

Guidry CA, et al. Am J Surg. 2015;209:463-467



Reduction in Cardiovascular Events
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Sensitivity Analyses
Results of the sensitivity analyses are detailed in Supplement 1.
The fully adjusted Cox models were computed for 15 data sets

(15 different nonsurgical cohorts), and the HRs and 95% CIs for
the treatment variable were obtained from each data set for all
outcomes (eFigure 4 in Supplement 1). Overall, the differences

Figure 3. Eight-Year Cumulative Incidence Estimates (Kaplan-Meier) for 6 Individual End Points
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For each 5 individual outcomes (except all-cause mortality), any patient with a
history of that outcome prior to the index date was eliminated from risk
assessment only for that outcome. For all-cause mortality, median observation
time was 4.0 years (interquartile range [IQR], 2.1-6.1) in the nonsurgical group
and 3.3 years (IQR, 1.2-6.3) in the surgical group; for heart failure, 4.1 years (IQR,

2.2-6.2) and 3.3 years (IQR, 1.1-6.4); for coronary artery disease, 4.0 years (IQR,
2.1-6.1) and 3.3 years (IQR, 1.1-6.4); for nephropathy, 4.1 years (IQR, 2.2-6.2) and
3.3 years (IQR, 1.1-6.3); for cerebrovascular disease and atrial fibrillation, 4.0
years (IQR, 2.1-6.1) and 3.3 years (IQR, 1.1-6.3). HR indicates hazard ratio.
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Figure 1 Cumulative incidence of adjusted primary endpoints (fatal or non-fatal myocardial infarction and fatal or non-fatal ischaemic stroke).
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Table 2 Primary and secondary endpoints during follow-up

Events No bariatric

surgery (n 5 3701)

Bariatric

surgery (n 5 3701)

HR 95 % CI P-value

Primary endpoint 93 37 0.410 0.274–0.615 <0.001

Fatal or non-fatal myocardial infarction 93 36 0.412 0.280–0.606 <0.001

Fatal or non-fatal ischaemic stroke 9 4 0.536 0.164–1.748 0.301

Secondary endpoints

All-cause mortality 182 45 0.254 0.183–0.353 <0.001

Heart failure 46 22 0.403 0.181–0.897 0.026

Bold values indicate statistical significance.

Figure 2 Cumulative incidence of secondary endpoints. (A) Incident heart failure. (B) All-cause mortality.
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Reduction in Incident Cancer and Mortality 
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FIGURE 2. (A) Kaplan–Meier-estimated cancer-free survival for all cancers; (B) obesity-associated cancers; and (C) cancers not
associated with obesity. In panel A, there were 488 cancers in the bariatric surgery group and 2055 cancers in the matched controls.
For the obesity-associated cancers in panel B, there were 246 cancers in the bariatric surgery group and 1185 in the matched
controls. In panel C, there were 242 cancers not associated with obesity in the bariatric surgery group and 872 among the matched
controls. The log-rank test had a P value of <0.001 for all three comparisons. The number at risk is the same in each panel because
patients were censored at the first cancer regardless of the type.

TABLE 2. Hazard Ratios for the Risk of Cancer from Cox Regression Models!

Outcomey N Unadjusted HR 95% CI P Adjusted HRz 95% CI P

All patients Any cancer 87996 0.70 0.63–0.77 <.001 0.67 0.60–0.74 <0.001
Obesity-associated cancer 87996 0.60 0.52–0.70 <.001 0.59 0.51–0.69 <0.001
Cancer not associated with obesity 87996 0.83 0.71–0.96 0.01 0.77 0.66–0.89 0.001

Women Any cancer 71341 0.66 0.50–0.75 <.001 0.64 0.57–0.72 <0.001
Obesity-associated cancer 71341 0.58 0.50–0.68 <.001 0.58 0.49–0.67 <0.001
Cancer not associated with obesity 71341 0.80 0.67–0.96 0.02 0.74 0.62–0.89 0.001

Men Any cancer 16655 0.85 0.68–1.07 0.17 0.79 0.63–1.002 0.054
Obesity-associated cancer 16655 0.71 0.47–1.07 0.1 0.7 0.46–1.07 0.1
Cancer not associated with obesity 16655 0.94 0.71–1.24 0.64 0.85 0.64–1.12 0.25

!All models accounted for matching on age, sex, BMI, Elixhauser comorbidity index score, and study site.
yAll outcomes start at 6 months after the index date.
zModels adjusted for race, diabetes, hyperlipidemia, hypertension, coronary artery disease, peripheral vascular disease, nonalcoholic steatohepatitis, a history of smoking, alcohol

use, and use of hormone replacement therapy.

Annals of Surgery " Volume 269, Number 1, January 2019 Bariatric Surgery and the Risk of Cancer

! 2017 Wolters Kluwer Health, Inc. All rights reserved. www.annalsofsurgery.com | 99



Remission or Improvement of Type 2 Diabetes
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METABOLIC SURGERY

A systematic review published in 2012 evaluated 
long-term cardiovascular risk reduction after bariatric 
surgery in 73 studies and 19,543 patients.24 At a mean 
follow-up of 57.8 months, the average excess weight 
loss for all procedures was 54% and rates of remission 
or improvement were 63% for hypertension, 73% for 
type 2 DM, and 65% for hyperlipidemia. Results from 
12 cohort-matched, nonrandomized studies compar-
ing bariatric surgery vs nonsurgical controls suggest 
that improvements in surrogate disease markers such 
as HbA1c, blood pressure, lipids, and body weight 
after surgery translate to reduced macrovascular and 
microvascular events and death.25 One of these stud-
ies involving male veterans who were mostly at high 
cardiovascular risk reported a 42% reduction in mor-
tality at 10 years compared with medical therapy.26

In the Swedish Obese Subjects study, the mortality 
rate from cardiovascular disease in the bariatric surgi-
cal group was lower than for control patients (adjusted 
hazard ratio, 0.47; P = .002) despite a greater preva-
lence of smoking and higher baseline weights and 
blood pressures in the surgical cohort.19 For patients 
with type 2 DM in this study, surgery was associated 

with a 50% reduction in microvascular complica-
tions.27 After 15 years of follow-up, the cumulative 
incidence of microvascular complications was 41.8 
per 1,000 person-years for control patients and 20.6 
per 1,000 person-years in the surgery group (hazard 
ratio, 0.44; P < .001). 

These observational, nonrandomized study data 
suggest that in patients with type 2 DM, bariatric 
surgery is signifi cantly better than medical manage-
ment alone in improving glycemic control, reducing 
cardiovascular risk factors, and lowering long-term 
morbidity and mortality associated with type 2 DM. 

 ■ METABOLIC SURGERY: CLINICAL TRIALS 
During the past 10 years, 12 randomized controlled tri-
als (RCTs) have compared metabolic surgery vs medi-
cal treatment for type 2 DM (Table 1).28–44 All the tri-
als included obese patients with type 2 DM (N = 874; 
range 38–150 patients per study) with follow-up from 
6 months to 5 years. Surgeries were RYGB (9 studies), 
LAGB (5 studies), SG (2 studies), and BPD-DS (1 
study); some studies had multiple surgery types. The 
severity of type 2 DM varied signifi cantly from mild 

TABLE 1
Metabolic surgery for type 2 diabetes mellitus: Randomized controlled clinical trials

      Remissiona 
 Pts with BMI  No.  Follow-up Remission or change P
Study < 35 kg/m2 Study design pts (mo) criteria in HbA1c (%) value

Dixon28 22% LAGB vs control 60 24 HbA1c < 6.2% 73 vs 13 < .001
Schauer29,30,43 36% RYGB vs SG vs control 150 60 HbA1c ≤ 6.0% 22 vs 15 vs 0 < .05
Mingrone31,32 0% RYGB vs BPD vs control 60 60 HbA1c ≤ 6.5% 42 vs 68 vs 0 .003
Ikramuddin33,34 59% RYGB vs control 120 24 HbA1c < 6.0% 44 vs 9 < .001
Liang35 100% RYGB vs control 101 12 HbA1c < 6.5% 90 vs 0 vs 0b  < .0001
Halperin36 34% RYGB vs control 38 12 HbA1c < 6.5% 58 vs 16 .03
Courcoulas37,38 43% RYGB vs LAGB vs control 69 36 HbA1c < 6.5% 40 vs 29 vs 0 .004
Wentworth39 100% LAGB vs control 51 24 FBG < 7.0 mmol/L 52 vs 8 .001
Parikh40 100% RYGB/LAGB/SG vs control 57 6 HbA1c < 6.5% 65 vs 0 .0001
Ding41 34% LAGB vs control 45 12 HbA1c < 6.5% 33 vs 23c  .46
Cummings42 25% RYGB vs control 43 12 HbA1c < 6.0% 60 vs 5.9 .002
Shah44 85 RYGB vs control 80 24 HbA1c < 6.5% 60 vs 2.5 < .001

Remission criteria:
a Remission was primary or secondary end point; HbA1c value without diabetes medications, unless otherwise specifi c.
b Remission was not precisely defi ned; HbA1c < 6.5% by extrapolation.
c Intermittent diabetes medications.
BMI = body mass index; BPD = biliopancreatic diversion; FBG = fasting blood glucose; HbA1c = glycated hemoglobin; LAGB = laparoscopic adjustable gastric band; 
RYGB = Roux-en-Y gastric bypass; SG = sleeve gastrectomy

Modifi ed from Schauer PR, et al. Clinical outcomes of metabolic surgery: effi cacy of glycemic control, weight loss, and remission of diabetes. Diabetes Care 2016; 39:908–911. 
©2016 American Diabetes Association. All rights reserved. Material from this publication is used with the permission of American Diabetes Association.

vs medical  
management
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NIH Consensus Guidelines for Bariatric Surgery (1991)

BMI ≥ 40 kg/m2 

or  

BMI ≥ 35 kg/m2 with major comorbidities 

contraindications 
- active substance use disorder 
- unstable psychiatric disorder 
- unstable social support 
- active eating disorder (anorexia or bulimia) 
-



 Bariatric Surgery Anatomic Classification

Restrictive Malabsorptive

Several gastrointestinal (GI) operations,
including partial gastrectomies (1,2) and
bariatric procedures (Fig. 1) (3–5), pro-
mote dramatic, durable improvement of
type 2 diabetes (T2D). Given the magni-
tude and rapidity of the effect of GI
surgery on hyperglycemia, along with
experimental evidence that rearrange-
ments of GI anatomy similar to those
in some bariatric procedures directly
affect glucose homeostasis (6), GI inter-
ventions have been suggested as a treat-
ment for T2D (7).

In 2007, the delegates from the 1st
Diabetes Surgery Summit (DSS-I), an inter-
national consensus conference, reviewed
available clinical and mechanistic evi-
dence and recommended expanding
the use and study of GI surgery to treat
diabetes, including for individuals with
only mild obesity (5,8). In the ensuing
years, the concept of “metabolic sur-
gery” or “diabetes surgery” has become
widely recognized in academic circles,
and, accordingly, most major world-
wide bariatric surgery societies have

changed their names to include the word
“metabolic” (9).

Since DSS-I, a substantial body of addi-
tional evidencehas accumulated, including
from numerous randomized clinical trials
(RCTs), demonstrating that bariatric/
metabolic surgery achieves superior glyce-
mic control and reduction of cardiovascu-
lar risk factors in obese patients with T2D
compared with various medical/lifestyle
interventions (10–25). Further research
on mechanisms of action of these proce-
dures (5,6,26–34) has corroborated evi-
dence in animal studies demonstrating
an important role for theGI tract in glucose
homeostasis (35), providing a biological
rationale for the use of GI-based interven-
tions to treat T2D. Available data, based
predominantly on modeling studies, sug-
gest that bariatric/metabolic surgery is
also cost-effective, especially in patients
with diabetes (36,37).

On the basis of this mounting evidence,
several international professional organiza-
tions and government agencies have re-
cently suggested expanding the indications
for bariatric/metabolic surgery to include
patients with inadequately controlled T2D
and BMI as low as 30 kg/m2, and down to
27.5 kg/m2 for Asians (8,9,38,39).

However, whereas obesity guidelines by
national and international societies and
government agencies recommend the
use of bariatric surgery in individuals with
T2D (9,40), clinical guidelines for diabetes
care paradoxically provide little or nomen-
tion of a role for surgical interventions for
T2D, even in patients with severe obesity
(41). Despite the growing popularity of this
topic in scientific communities (9) and the
media (42), most diabetes care providers
and patients are still inadequately in-
formed about the indications, benefits,
and potential risks of surgical treatments
for diabetes. Moreover, insurance reim-
bursement policies for bariatric/metabolic
surgery continue to reflect only body
weight–centric criteria and do not in-
clude diabetes-related metrics or cost-
effectiveness. Consequently, access to
surgery for patients with diabetes is not
adequately prioritized. In fact, no existing
treatment algorithm for T2D includes a
role for surgical intervention.

Using surgery as a diabetes interven-
tion, however, implies conceptual and
practical differences from the traditional
practice of bariatric surgery for obesity.
For instance, the criteria currently used
to select candidates forbariatric/metabolic

Figure 1—Diagrams of the four bariatric/metabolic operations currently in common clinical use.
BPD can be performed as the classic type (shown) or with the duodenal switch variant. Reprinted
with permission from the Cleveland Clinic Foundation (CCF).
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Adjustable Gastric Band

Several gastrointestinal (GI) operations,
including partial gastrectomies (1,2) and
bariatric procedures (Fig. 1) (3–5), pro-
mote dramatic, durable improvement of
type 2 diabetes (T2D). Given the magni-
tude and rapidity of the effect of GI
surgery on hyperglycemia, along with
experimental evidence that rearrange-
ments of GI anatomy similar to those
in some bariatric procedures directly
affect glucose homeostasis (6), GI inter-
ventions have been suggested as a treat-
ment for T2D (7).

In 2007, the delegates from the 1st
Diabetes Surgery Summit (DSS-I), an inter-
national consensus conference, reviewed
available clinical and mechanistic evi-
dence and recommended expanding
the use and study of GI surgery to treat
diabetes, including for individuals with
only mild obesity (5,8). In the ensuing
years, the concept of “metabolic sur-
gery” or “diabetes surgery” has become
widely recognized in academic circles,
and, accordingly, most major world-
wide bariatric surgery societies have

changed their names to include the word
“metabolic” (9).

Since DSS-I, a substantial body of addi-
tional evidencehas accumulated, including
from numerous randomized clinical trials
(RCTs), demonstrating that bariatric/
metabolic surgery achieves superior glyce-
mic control and reduction of cardiovascu-
lar risk factors in obese patients with T2D
compared with various medical/lifestyle
interventions (10–25). Further research
on mechanisms of action of these proce-
dures (5,6,26–34) has corroborated evi-
dence in animal studies demonstrating
an important role for theGI tract in glucose
homeostasis (35), providing a biological
rationale for the use of GI-based interven-
tions to treat T2D. Available data, based
predominantly on modeling studies, sug-
gest that bariatric/metabolic surgery is
also cost-effective, especially in patients
with diabetes (36,37).

On the basis of this mounting evidence,
several international professional organiza-
tions and government agencies have re-
cently suggested expanding the indications
for bariatric/metabolic surgery to include
patients with inadequately controlled T2D
and BMI as low as 30 kg/m2, and down to
27.5 kg/m2 for Asians (8,9,38,39).

However, whereas obesity guidelines by
national and international societies and
government agencies recommend the
use of bariatric surgery in individuals with
T2D (9,40), clinical guidelines for diabetes
care paradoxically provide little or nomen-
tion of a role for surgical interventions for
T2D, even in patients with severe obesity
(41). Despite the growing popularity of this
topic in scientific communities (9) and the
media (42), most diabetes care providers
and patients are still inadequately in-
formed about the indications, benefits,
and potential risks of surgical treatments
for diabetes. Moreover, insurance reim-
bursement policies for bariatric/metabolic
surgery continue to reflect only body
weight–centric criteria and do not in-
clude diabetes-related metrics or cost-
effectiveness. Consequently, access to
surgery for patients with diabetes is not
adequately prioritized. In fact, no existing
treatment algorithm for T2D includes a
role for surgical intervention.

Using surgery as a diabetes interven-
tion, however, implies conceptual and
practical differences from the traditional
practice of bariatric surgery for obesity.
For instance, the criteria currently used
to select candidates forbariatric/metabolic

Figure 1—Diagrams of the four bariatric/metabolic operations currently in common clinical use.
BPD can be performed as the classic type (shown) or with the duodenal switch variant. Reprinted
with permission from the Cleveland Clinic Foundation (CCF).
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Sleeve Gastrectomy

Several gastrointestinal (GI) operations,
including partial gastrectomies (1,2) and
bariatric procedures (Fig. 1) (3–5), pro-
mote dramatic, durable improvement of
type 2 diabetes (T2D). Given the magni-
tude and rapidity of the effect of GI
surgery on hyperglycemia, along with
experimental evidence that rearrange-
ments of GI anatomy similar to those
in some bariatric procedures directly
affect glucose homeostasis (6), GI inter-
ventions have been suggested as a treat-
ment for T2D (7).

In 2007, the delegates from the 1st
Diabetes Surgery Summit (DSS-I), an inter-
national consensus conference, reviewed
available clinical and mechanistic evi-
dence and recommended expanding
the use and study of GI surgery to treat
diabetes, including for individuals with
only mild obesity (5,8). In the ensuing
years, the concept of “metabolic sur-
gery” or “diabetes surgery” has become
widely recognized in academic circles,
and, accordingly, most major world-
wide bariatric surgery societies have

changed their names to include the word
“metabolic” (9).

Since DSS-I, a substantial body of addi-
tional evidencehas accumulated, including
from numerous randomized clinical trials
(RCTs), demonstrating that bariatric/
metabolic surgery achieves superior glyce-
mic control and reduction of cardiovascu-
lar risk factors in obese patients with T2D
compared with various medical/lifestyle
interventions (10–25). Further research
on mechanisms of action of these proce-
dures (5,6,26–34) has corroborated evi-
dence in animal studies demonstrating
an important role for theGI tract in glucose
homeostasis (35), providing a biological
rationale for the use of GI-based interven-
tions to treat T2D. Available data, based
predominantly on modeling studies, sug-
gest that bariatric/metabolic surgery is
also cost-effective, especially in patients
with diabetes (36,37).

On the basis of this mounting evidence,
several international professional organiza-
tions and government agencies have re-
cently suggested expanding the indications
for bariatric/metabolic surgery to include
patients with inadequately controlled T2D
and BMI as low as 30 kg/m2, and down to
27.5 kg/m2 for Asians (8,9,38,39).

However, whereas obesity guidelines by
national and international societies and
government agencies recommend the
use of bariatric surgery in individuals with
T2D (9,40), clinical guidelines for diabetes
care paradoxically provide little or nomen-
tion of a role for surgical interventions for
T2D, even in patients with severe obesity
(41). Despite the growing popularity of this
topic in scientific communities (9) and the
media (42), most diabetes care providers
and patients are still inadequately in-
formed about the indications, benefits,
and potential risks of surgical treatments
for diabetes. Moreover, insurance reim-
bursement policies for bariatric/metabolic
surgery continue to reflect only body
weight–centric criteria and do not in-
clude diabetes-related metrics or cost-
effectiveness. Consequently, access to
surgery for patients with diabetes is not
adequately prioritized. In fact, no existing
treatment algorithm for T2D includes a
role for surgical intervention.

Using surgery as a diabetes interven-
tion, however, implies conceptual and
practical differences from the traditional
practice of bariatric surgery for obesity.
For instance, the criteria currently used
to select candidates forbariatric/metabolic

Figure 1—Diagrams of the four bariatric/metabolic operations currently in common clinical use.
BPD can be performed as the classic type (shown) or with the duodenal switch variant. Reprinted
with permission from the Cleveland Clinic Foundation (CCF).
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Roux-en-Y Gastric Bypass

Several gastrointestinal (GI) operations,
including partial gastrectomies (1,2) and
bariatric procedures (Fig. 1) (3–5), pro-
mote dramatic, durable improvement of
type 2 diabetes (T2D). Given the magni-
tude and rapidity of the effect of GI
surgery on hyperglycemia, along with
experimental evidence that rearrange-
ments of GI anatomy similar to those
in some bariatric procedures directly
affect glucose homeostasis (6), GI inter-
ventions have been suggested as a treat-
ment for T2D (7).

In 2007, the delegates from the 1st
Diabetes Surgery Summit (DSS-I), an inter-
national consensus conference, reviewed
available clinical and mechanistic evi-
dence and recommended expanding
the use and study of GI surgery to treat
diabetes, including for individuals with
only mild obesity (5,8). In the ensuing
years, the concept of “metabolic sur-
gery” or “diabetes surgery” has become
widely recognized in academic circles,
and, accordingly, most major world-
wide bariatric surgery societies have

changed their names to include the word
“metabolic” (9).

Since DSS-I, a substantial body of addi-
tional evidencehas accumulated, including
from numerous randomized clinical trials
(RCTs), demonstrating that bariatric/
metabolic surgery achieves superior glyce-
mic control and reduction of cardiovascu-
lar risk factors in obese patients with T2D
compared with various medical/lifestyle
interventions (10–25). Further research
on mechanisms of action of these proce-
dures (5,6,26–34) has corroborated evi-
dence in animal studies demonstrating
an important role for theGI tract in glucose
homeostasis (35), providing a biological
rationale for the use of GI-based interven-
tions to treat T2D. Available data, based
predominantly on modeling studies, sug-
gest that bariatric/metabolic surgery is
also cost-effective, especially in patients
with diabetes (36,37).

On the basis of this mounting evidence,
several international professional organiza-
tions and government agencies have re-
cently suggested expanding the indications
for bariatric/metabolic surgery to include
patients with inadequately controlled T2D
and BMI as low as 30 kg/m2, and down to
27.5 kg/m2 for Asians (8,9,38,39).

However, whereas obesity guidelines by
national and international societies and
government agencies recommend the
use of bariatric surgery in individuals with
T2D (9,40), clinical guidelines for diabetes
care paradoxically provide little or nomen-
tion of a role for surgical interventions for
T2D, even in patients with severe obesity
(41). Despite the growing popularity of this
topic in scientific communities (9) and the
media (42), most diabetes care providers
and patients are still inadequately in-
formed about the indications, benefits,
and potential risks of surgical treatments
for diabetes. Moreover, insurance reim-
bursement policies for bariatric/metabolic
surgery continue to reflect only body
weight–centric criteria and do not in-
clude diabetes-related metrics or cost-
effectiveness. Consequently, access to
surgery for patients with diabetes is not
adequately prioritized. In fact, no existing
treatment algorithm for T2D includes a
role for surgical intervention.

Using surgery as a diabetes interven-
tion, however, implies conceptual and
practical differences from the traditional
practice of bariatric surgery for obesity.
For instance, the criteria currently used
to select candidates forbariatric/metabolic

Figure 1—Diagrams of the four bariatric/metabolic operations currently in common clinical use.
BPD can be performed as the classic type (shown) or with the duodenal switch variant. Reprinted
with permission from the Cleveland Clinic Foundation (CCF).
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Biliopancreatic Diversion

Metabolic Surgery

Rubino F. Diabetes Care 2016;39:861-877 
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shown to be effective in inducing weight loss even in 
patients with heterozygous mutations for MC4R.22 
Therefore, at least currently, little evidence exists that 
RYGB or VSG reduce the weight ‘set point’ by altering 
the expression of key signalling elements in the hypo-
thalamic nuclei. The field would benefit from the direct 
study of the expression of these peptides in animal models 
of RYGB as compared with pair-fed sham or weight-
matched AGB animals. Whether such investi gations will 
lead to new pharmacological targets is however question-
able considering that previously used centrally acting 
weight-loss drugs have been associated with substantial 
adverse effects (for example, rimonabant, which has since 
been removed from the market23) due to their action at 
m ultiple r eceptors and sites in the brain.

Gut hormones and leptin
RYGB and VSG might alter signalling from the gut to 
the hypothalamus and brainstem. The postprandial 
release of the anorexigenic hormone peptide YY (PYY) 
is markedly higher after both RYGB and VSG, but not 
after AGB or caloric restriction.12,14,24,25 PYY is released 
from the L cells of the distal small bowel after a meal 
in proportion to the consumed calories and acts at the 
arcuate nucleus of the hypothalamus to decrease food 
intake,26 but also via vagal afferents terminating at the 
nucleus of the solitary track to signal satiety. PYY has 
been reported to increase energy expenditure and delay 
gastric emptying.27 Patients with increased levels of PYY 
after RYGB had more weight loss;28,29 by blocking the 
release of PYY in humans with octreotide, food intake 
increased in humans and rats after RYGB, but not AGB.14 
Mechanistic studies in rodents have also demonstrated 
the physiological importance of PYY; weight loss in PYY-
knockout mice after a variant of RYGB was lower than in 
wild-type mice undergoing the same surgery.30

Glucagon-like peptide-1 (GLP-1) responses are similar 
to those of PYY after both RYGB and VSG.31 GLP-1 is 
secreted by the L cells of the small bowel together with 
PYY, with higher concentrations in the distal ileum 
and colon. It acts on the GLP-1 receptors located in the 
hypothalamus, striatum, brainstem and substantia nigra, 
among other areas of the brain.32 The peptide is produced 
in response to a meal and decreases food intake through its 
effects on the hypothalamus and brainstem.33 GLP-1 slows 
gastric emptying, inhibits glucagon release and acts on the 
pancreas to secrete insulin (incretin effect).34 Whether 
GLP-1 is necessary for VSG-induced weight loss has been 
questioned, as the procedure was equally effective in both 
GLP-1 receptor wild-type and knockout mice.35

The rapid delivery of nutrients to the distal ileum after 
RYGB might be responsible for the exaggerated increase 
of both PYY and GLP-1 levels.36 In the absence of a 
shorter small bowel in VSG, the rise in levels of these gut 
hormones has been attributed to rapid gastric empty-
ing.37 However, this finding is probably just part of the 
story as nutrient sensing in the proximal small bowel can 
signal to the distal small bowel to release gut hormones.38 
Gut hormones are elevated within days after surgery and 
remain elevated for at least a decade after RYGB.39

Ghrelin is a peptide produced by the X/A-like 
cells in the fundus of the stomach during fasting and 
acts on growth-hormone secretagogue receptors.40 
Inactive ghrelin (des acyl ghrelin) is activated to acyl 
ghrelin in the stomach through the action of the ghrelin 
O-acyltransferase enzyme.41 Ghrelin levels are decreased 
after eating, with carbohydrates having more of a sup-
pressive effect than protein and lipids.42 Ghrelin stimu-
lates neuropeptide Y–AgRP neurons within the arcuate 
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Figure 2 | Schematic representation of the physiological mechanisms that underlie 
weight loss and glycaemic improvements after gastric bypass surgery, which has 
been studied more extensively compared with the other available surgical 
procedures. The anatomical rearrangement of the gut is a major source of altered 
signalling to the brain, liver, pancreas and adipose tissue, among other tissues. 
The signals originating from the gut are conveyed through neural pathways 
(continuous blue lines) and/or the circulation (dotted blue lines) to the target 
organs. The end result is the reduction in hunger, increase in satiation, shift in food 
preferences away from high-calorie foods, increase in diet-induced thermogenesis, 
reduction in inflammation and improved glycaemic control. A question mark has 
been inserted in front of the physiological actions of the gastric bypass to indicate 
either that the mechanism is still under scientific exploration or that the results of 
published studies are controversial. Abbreviations: GLP-1, glucagon like peptide-1; 
PYY, peptide YY; OXY, oxyntomodulin.
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Diabetes management: 
an endocrinologist’s/internist’s perspective
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anti-diabetes drugs at 10 years 0·7 [SD 0·9] in the BPD 
group, 1·4 [0·9] in the RYGB group, and 2·9 [0·8] in the 
medical therapy group; p<0·0001; table 2). At baseline, 
about half of all patients in the study were on insulin. 

At 10 years, 53·3% of the patients in the medical therapy 
group required insulin therapy compared with only 
2·5% among patients who underwent surgery (none for 
BPD and one for RYGB, table 2, figure 4). Patients in the 
medical therapy group used significantly more injectable 
drugs (insulin or GLP-1 analogues, figure 3, appendix 
p 4) and significantly more cardiovascular medications 
(lipid-lowering and blood pressure-lowering medica-
tions) than patients in both surgical groups (p<0·0001; 
appendix p 4). Medication use increased over time in the 
medical therapy group. Use of GLP-1 analogues, SGLT2 
inhibitors, and insulin further increased after year 5 
(appendix p 12).

Serious adverse events recorded during the study, 
including 30-day major surgical complications, late surgical 

Figure 2: Remission, glycaemic control, and weight loss
(A) Estimated diabetes-free survival time curves with CIs for the surgical 
procedures (BPD and RYGB). The median diabetes-free survival time was 5 years 
(4 to infinite value in RYGB and 9 years (5 to infinite value) in BPD; the log-rank 
test (p=0·25) indicated no difference between the two surgical groups. Patients 
in the medical therapy group who crossed over, one to RYGB and one to BPD, 
are censored and so are not included in the figure. (B) Time course of glycaemic 
control expressed as glycated haemoglobin (%). The dotted line indicates the 
target concentration of 7·0% considered to be adequate glycaemic control and 
the shaded area represents the SD. (C) Weight loss (percentage weight loss from 
baseline). Time course of bodyweight over the 10-year follow-up by treatment. 
The shaded area represents the SD. BPD=biliopancreatic diversion. 
RYGB=Roux-en-Y gastric bypass. 
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Figure 3: QOL and diabetes-related complications
(A) QOL as assessed by the SF-36. Patients who underwent surgery had better 
QOL total scores and scores for all QOL subdomains. Patients in the RYGB group 
had higher scores than patients in the BPD group for the domain mental health. 
(B) Percentage of diabetes-related complications across the 10-year duration of 
the study in patients who were medically treated versus patients who were 
surgically treated (RYGB and BPD combined). QOL=quality of life. 
BPD=biliopancreatic diversion. RYGB=Roux-en-Y gastric bypass. 
SF-36=RAND 36-Item Health Survey (Short Form). RR=relative risk. 
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to diabetes-related morbidity and mortality should be 
taken with caution.

The study also has unique strengths that primarily 
stem from the high follow-up rate (95%) and the very 
long period of continued follow-up. The availability of all 
patients who underwent surgery for the 10-year analysis 
of the study provides robust information about the 
durability of surgically induced diabetes remission in 
patients with advanced type 2 diabetes. Furthermore, the 

good long-term results of medical therapy in this study 
(4·2% mean weight loss and 0·8% HbA1c reduction from 
baseline) are consistent with those of larger trials of 
intensive lifestyle interventions26 and novel weight-loss-
inducing diabetes drugs, such as SGLT2 inhibitors and 
GLP-1-receptor agonists. This finding means that the 
medical therapy used in this trial reflects current best 
medical practice and provides a valid comparator to 
assess the relative efficacy of metabolic surgery as a 
therapy for type 2 diabetes. The deterioration of glycaemic 
control observed in the medical therapy group after 
5 years, despite no substantial weight regain and 
increased use of effective modern drugs (appendix p 12), 
is a reminder of the progressive nature of type 2 diabetes 
and, by contrast, attests to the remarkable anti-diabetes 
potency of metabolic surgery.

The finding that metabolic surgery resulted in 
continued 10-year disease remission in 37·5% of patients 
with advanced type 2 diabetes (by design all patients had 
a >5-year history of disease and 50% of them required 
insulin at baseline), supports the hypothesis that type 2 
diabetes is a potentially curable disease.11 In fact, more 
than a third of patients who underwent metabolic surgery 
in this trial met the American Diabetes Association 
definition of diabetes cure (ie, persistent remission of 
hyperglycaemia without need for any pharmacological 
therapy for more than 5 years).10

The choice of diabetes remission as a primary endpoint 
in this study admittedly favours surgery, given the fact 
that the definition of remission requires discontinuation 
of pharmacological therapy. However, when this study 
was designed, no randomised controlled trial had yet 
compared medical and surgical therapy specifically for 
the treatment of diabetes using the then newly estab-
lished (2009) strict criteria for the definition of diabetes 
remission. Furthermore, other outcome measures of this 
study included several objective and clinically meaningful 
measures of glycaemic control beyond remission of 
hyperglycaemia, including HbA1c concentrations, fasting 
glycaemia, percentage change in HbA1c from baseline, 
use of diabetes medications, and major diabetes-related 
complications such as microvascular and macrovascular 
complications. The finding that metabolic surgery 
outperformed medical therapy on all the above outcomes 
provides robust evidence of the greater anti-diabetes 
potency of surgery than the medical and lifestyle 
interventions used in this trial.

In this study, the risk of diabetes relapse appeared to be 
highest within the first 5 years after surgery and declined 
significantly thereafter. Also, relapse of diabetes was 
characterised by mild hyperglycaemia with all but one 
such patients maintaining an HbA1c concentration of less 
than 7·0% at 10 years after surgery with minimal or no 
medications. Furthermore, none of the patients who went 
into diabetes remission in this study had diabetes-related 
complications, whether or not their hyperglycaemia 
eventually relapsed. Considered together, these findings 

Figure 4: Medication use
Medication use in each group at baseline, and at 2, 5, and 10 years after 
intervention. Bars indicate the percentages of patients using each class of drugs 
including oral glucose-lowering medications (oral anti-hyperglycaemic agents), 
GLP-1-receptor agonists (injectables), and insulin, as well as their relative 
combinations. Insulin use is shown at 10 years. BPD=biliopancreatic diversion. 
RYGB=Roux-en-Y gastric bypass. OHA=oral anti-hyperglycaemic agents. 
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anti-diabetes drugs at 10 years 0·7 [SD 0·9] in the BPD 
group, 1·4 [0·9] in the RYGB group, and 2·9 [0·8] in the 
medical therapy group; p<0·0001; table 2). At baseline, 
about half of all patients in the study were on insulin. 

At 10 years, 53·3% of the patients in the medical therapy 
group required insulin therapy compared with only 
2·5% among patients who underwent surgery (none for 
BPD and one for RYGB, table 2, figure 4). Patients in the 
medical therapy group used significantly more injectable 
drugs (insulin or GLP-1 analogues, figure 3, appendix 
p 4) and significantly more cardiovascular medications 
(lipid-lowering and blood pressure-lowering medica-
tions) than patients in both surgical groups (p<0·0001; 
appendix p 4). Medication use increased over time in the 
medical therapy group. Use of GLP-1 analogues, SGLT2 
inhibitors, and insulin further increased after year 5 
(appendix p 12).

Serious adverse events recorded during the study, 
including 30-day major surgical complications, late surgical 

Figure 2: Remission, glycaemic control, and weight loss
(A) Estimated diabetes-free survival time curves with CIs for the surgical 
procedures (BPD and RYGB). The median diabetes-free survival time was 5 years 
(4 to infinite value in RYGB and 9 years (5 to infinite value) in BPD; the log-rank 
test (p=0·25) indicated no difference between the two surgical groups. Patients 
in the medical therapy group who crossed over, one to RYGB and one to BPD, 
are censored and so are not included in the figure. (B) Time course of glycaemic 
control expressed as glycated haemoglobin (%). The dotted line indicates the 
target concentration of 7·0% considered to be adequate glycaemic control and 
the shaded area represents the SD. (C) Weight loss (percentage weight loss from 
baseline). Time course of bodyweight over the 10-year follow-up by treatment. 
The shaded area represents the SD. BPD=biliopancreatic diversion. 
RYGB=Roux-en-Y gastric bypass. 
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Figure 3: QOL and diabetes-related complications
(A) QOL as assessed by the SF-36. Patients who underwent surgery had better 
QOL total scores and scores for all QOL subdomains. Patients in the RYGB group 
had higher scores than patients in the BPD group for the domain mental health. 
(B) Percentage of diabetes-related complications across the 10-year duration of 
the study in patients who were medically treated versus patients who were 
surgically treated (RYGB and BPD combined). QOL=quality of life. 
BPD=biliopancreatic diversion. RYGB=Roux-en-Y gastric bypass. 
SF-36=RAND 36-Item Health Survey (Short Form). RR=relative risk. 
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Figure 3. (A) Stomach, duodenum, and jejunum before bariatric surgery. (B) Stomach, duodenum, and jejunum after 
Roux-en-Y gastric bypass.
Adapted with permission from Schroeder R, Garrison JM Jr, Johnson MS. Treatment of adult obesity with bariatric surgery. Am Fam Physician. 2011;84(7):809.
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Figure 2. Laparoscopic sleeve gastrectomy involves remov-
ing most of the body of the stomach, creating a narrow 
gastric structure.
Adapted with permission from Schroeder R, Garrison JM Jr, Johnson 
MS. Treatment of adult obesity with bariatric surgery. Am Fam Physician. 
2011;84(7):809.
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Figure 1. Adjustable gastric banding involves inserting an 
inflatable ring, which can be adjusted via a subcutaneous 
access port.
Adapted with permission from Schroeder R, Garrison JM Jr, Johnson 
MS. Treatment of adult obesity with bariatric surgery. Am Fam Physician. 
2011;84(7):809.
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Endocrine Complications 
Dumping syndrome 

• 5-30 minutes after eating (usually after simple carbs) 

• rapid intraluminal osmotic load and water efflux 

• weakness, lightheadedness, diaphoresis, abdominal cramps, diarrhea 

• Treatment: avoidance of trigger foods 



Endocrine Complications 
Hyperinsulinemic Hypoglycemia

dysregulation of islet function rather than solely an increase
in mass. One candidate mediator of increased insulin secre-
tion in post-bypass hypoglycemia is GLP-1, a peptide released
from intestinal neuroendocrine L-cells in response to meals.
GLP-1 binds to specific receptors on b-cells, stimulating in-
sulin secretion in a glucose-dependent manner. Consistent
with this hypothesis, postprandial GLP-1 levels are increased
by >10-fold in post-bypass patients, are higher in those with
hyperinsulinemic hypoglycemia and neuroglycopenia, and
correlate inversely with postprandial glucose levels.20,21

Furthermore, pharmacologic blockade of the GLP-1 receptor
markedly attenuates insulin secretion and b-cell glucose
sensitivity in post-bypass individuals.22

Despite these provocative associations between GLP-1
and post-bypass hypoglycemia, it has previously been dif-
ficult to determine whether elevated GLP-1 concentrations
are simply associated with altered intestinal anatomy post-
bypass, or actually contribute to the pathophysiology of
hyperinsulinemic hypoglycemia. To test the role of GLP-1 in
this syndrome in humans in vivo, Salehi et al performed an
elegant series of studies in controls (no prior bariatric
surgery) and 2 groups of post-bypass patients: Individuals
with severe recurrent hypoglycemia post-bypass, defined as
neuroglycopenia with documented glucose levels <50 mg/dL
(2.8 mmol/L), or asymptomatic post-bypass patients.
Glycemia and insulin secretion patterns were assessed over
5 hours in response to an oral mixed meal in the presence or
absence of a peptide antagonist to the GLP-1 receptor

(exendin9-39). As expected, patients with a history of hypo-
glycemia had not only lower postprandial glucose nadir, but
also higher glucose-stimulated insulin secretion during late
phases of the meal tolerance test. Using the dual-tracer
technique (constant intravenous infusion of [6,6-2H2]glu-
cose, together with [U-13C]-labeled glucose in oral meal), the
investigators found that hypoglycemic patients also had
increased rate of appearance of meal-derived glucose com-
pared with controls, whereas hepatic glucose production did
not differ significantly between groups.

Infusion of exendin9-39 to block GLP-1 action increased
both fastingandpostprandialplasmaglucose concentrations in
all subjects, an effect mediated through reduced insulin
secretion. Exendin9-39 also reduced dumping syndrome
symptom scores. Notably, the effects of exendin9-39 on glyce-
mia, insulin secretion, and b-cell sensitivity to glucose were
much greater for post-bypass patientswith hypoglycemia than
for patients without hypoglycemia. The disproportionately
greater response to GLP-1 receptor blockade in hypoglycemia
patients strongly supports GLP-1 as a major contributor to
excessive insulin secretion and hypoglycemia in the late post-
prandial state in post-bypass patients with neuroglycopenia.

Several key questions about the pathophysiology of post-
bypass hypoglycemia remain unanswered. Which factors are
responsible for interindividual variability in apparent sensi-
tivity to GLP-1 and the development of hypoglycemia? It is
interesting that Salehi et al21 previously reported effects of
GLP-1 receptor inhibition were similar in patients with

Figure 1. Potential mechanisms contributing to post-bypass hypoglycemia. Infusion of exendin9-39 attenuates the impact of
glucagon-like peptide-1 on insulin secretion and hypoglycemia.
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Endocrine Complications 
Dumping syndrome 

• 5-30 minutes after eating (usually after simple carbs) 

• rapid intraluminal osmotic load and water efflux 

• weakness, lightheadedness, diaphoresis, abdominal cramps, diarrhea 

• Treatment: avoidance of trigger foods 

Hyperinsulinemic hypoglycemia 

• 1-3 hours after eating (usually after simple carbs) 

• exaggerated GLP1-mediated insulin secretion 

• Neuroglycopenic and autonomic symptoms 

• Treatment  

✓ frequent high protein/low carb meals 
✓Acarbose 
✓Calcium channel blockers 
✓Diazoxide 
✓Octreotide 
✓GLP1 receptor agonists 
✓Bypass reversal (last resort) 
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Bariatric surgery: medical paradigm
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