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Objective:  This study compared the effectiveness of 4 main revisional bariatric surgery (RBS) sequences after sleeve gastrectomy 
(SG) and adjustable gastric banding (AGB), on the reimbursement of antidiabetic treatments in France.
Background:  Few large-scale prospective cohort studies have assessed the changes in antidiabetic treatments after RBS.
Method:  This nationwide observational population-based cohort study analyzed data from the French National Health Insurance 
Database. All patients who underwent primary SG and AGB in France between January 2012 and December 2014 were included 
and followed up until December 31, 2020. The changes in categories and costs of reimbursed antidiabetic treatments across differ-
ent RBS sequences were assessed (presented as follows: bariatric surgery (BS)-RBS).
Results:  Among the 107,088 patients who underwent BS, 6396 underwent RBS, 2400 SG-GBP (SG converted to gastric bypass 
[GBP] during follow-up), 2277 AGB-SG, 1173 AGB-GBP, and 546 SG-SG. Pre-RBS insulin was used in 10 (2.9%), 4 (0.9%), 8 
(2.4%), and 10 (2.6%) patients, respectively. Two years after RBS, the treatment discontinuation or decrease (the change of treatment 
to a lighter one category rates [eg, insulin to bi/tritherapy]) was 47%, 47%, 49%, and 34%, respectively. Four years after RBS, the 
median annual cost per patient compared with baseline was lower (P < 0.01) for all sequences, except SG-SG (P = 0.24). The most 
notable effect concerned AGB-GBP (median of more than 220 euros to 0).
Conclusions:  This study demonstrated the positive impact of RBS over a 4-year follow-up period on antidiabetic treatments reim-
bursement, through the reduction or discontinuation of treatments and a significant decrease in costs per patient.
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INTRODUCTION
Obesity is a chronic disease characterized and defined by excess 
body fat with deleterious health consequences and is associ-
ated with a higher risk of several comorbidities, including type 
2 diabetes (T2DM). With around 30,000 to 50,000 bariatric 
surgery (BS) procedures performed per year in France between 
2010 and 2020, the country is one of the global leaders in 
terms of the number of bariatric operations conducted. Sleeve 
gastrectomy (SG) and gastric bypass (GBP) are the most com-
monly performed procedures.1,2 The improvement or remission 

of T2DM, following BS, has been widely documented, in con-
trolled clinical trials3 and studies using nationwide medico-
administrative databases.4 While BS leads to sustained weight 
loss and improved long-term mortality rates,5,6 some patients 
develop long-term complications, especially after adjustable 
gastric banding7 (AGB) or SG8 (such as gastroesophageal reflux 
diseases), or experience weight regain and associated T2DM 
relapse.4 In some of these cases, a revisional BS (RBS) could be 
indicated.

The effectiveness of RBS in terms of weight loss has been 
demonstrated for both SG9 and AGB10 although the effect size 
appears to be lower than that of primary BS.9,10 Some stud-
ies tend to show a positive effect of RBS on the treatment 
of T2DM, regardless of the surgical sequence.9,11,12 However, 
this body of evidence mainly relies on studies compiling het-
erogeneous data or with a small sample size and would need 
to be strengthened.

The aim of this study, using the French national health insur-
ance database (Système National des Donnée de Santé [SNDS]), 
is to assess the effectiveness of RBS after SG or AGB on T2DM 
by analyzing the changes in antidiabetic treatment categories 
and the economic impact of RBS on antidiabetic treatment 
reimbursements.

MATERIAL AND METHODS

Data Sources

This is a retrospective cohort study based on the SNDS data 
that integrated the main French national health databases. The 
SNDS contains individual anonymized information on all public 
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or private practices, medical and paramedical encounters, drugs 
claims, hospital admissions and procedures, and dates of death. 
These data were linked to the creation of a longitudinal record 
of outpatient health encounters, hospital diagnoses, and drug 
dispensing for more than 99% of the French population from 
birth to death. France’s health insurance system combines public 
and private/mutual complementary insurance to ensure univer-
sal coverage, including mandatory public health insurance for 
most residents and additional schemes for low-income individ-
uals. The SNDS is one of the largest databases of its kind in 
the world, allowing for systematic follow-up of all medical care 
received in France, including low-income people. The evidence 
obtained from such data has been extensively used to guide the 
public health policies in France. Our team previously published 
results in the field of BS using the SNDS.2,4,5,13

Analyses of the SNDS database for this study received the 
ethical and methodological approval of the French Health Data 
Hub (Entrepot des données de santé) (N° T53918201804270) 
and the French Expertise Committee for Research, Studies, and 
Evaluations in the field of Health (Comité d’Expertise pour les 
Recherches, les Études et les Évaluations dans le domaine de la 
Santé). This study was authorized by the French Personal Data 
Protection Authority (Commission Nationale Informatique et 
Libertés, authorization number: 918424). Informed patient con-
sent was not required because the data included in the SNDS 
were anonymized, and all analyses were performed on the ded-
icated secured portal of the French National Health Insurance.

Study Design and Population

This retrospective national cohort study targeted all obese 
patients in the SNDS database with an obesity diagnosis who 
underwent BS, including SG, AGB, and GBP, for the first time 
between January 2012 and December 2014. All patients who 
underwent RBS with SG or AGB as the primary procedure were 
followed until December 2020. Patients who underwent other 
procedures, such as the placement of an intragastric balloon, 
subcutaneous implantation of a gastric stimulator with the 
placement of a gastric parietal tube, laparoscopy, procedures 
corresponding to the removal of a gastric band alone, or RBS, 
within the first year after primary BS were excluded. In our 
study, we chose to exclude primary GBP because there is no 
specific code in the French Surgical Classification describing the 
revision procedure after GBP.

The French-specific disease codes and International 
Classification of Diseases, 10th Revision (ICD-10) codes for 
obesity used to extract the patient data have been described 
previously.2,4,5

Data Collection

The demographic and basic clinical characteristics included sex, 
age, type of bariatric procedure (AGB, SG, and GBP), and body 
mass index (BMI) categories (25–29.9, 30–39.9, 40–49.9, 50 or 
more, kg/m²) at the first BS and, when applicable, at the second 
BS. Changes in the BMI were determined by the switching of 
categories before BS and before RBS.

Low-income families were identified based on the presence 
of universal health insurance coverage (Couverture Maladie 
Universelle). Patients with diabetes, hypertension, and hyperlip-
idemia were defined as those who received 1 of the 3 correspond-
ing drug reimbursements during the year before the revision 
surgery. Three categories of antidiabetic treatments were defined 
depending on reimbursement: insulin use, monotherapy, and bi/
tritherapy (for oral agents). These categories permit the obser-
vation of changes in treatments after RBS, discontinuation if the 
treatment is stopped, and decrease if the patients switch to a 
lighter treatment (eg, insulin use to bi/tritherapy or bi/tritherapy 
to monotherapy) or increase (eg, monotherapy to bi/tritherapy). 

Patients with obstructive sleep apnea were defined as those 
who had received reimbursement for continuous positive air-
way pressure during the previous year. ICD-10 codes and the 
Anatomical Therapeutic Chemical code used for data collection 
were as previously detailed.2,4,13

Statistical Analyses

Statistical analyses were performed using SAS software (ver-
sion 9.4; SAS Institute, Cary, NC). Descriptive analyses of 
qualitative and ordinal variables included the frequency and 
percentage of each item, and quantitative variables included the 
number of patients, mean and confidence interval, SD, median, 
and interquartile range (IQR). Categorical data were presented 
as counts and percentages. We used Fisher exact tests for cat-
egorical variables and Student t tests or nonparametric tests 
(Mann–Whitney U and Kruskal–Wallis tests) for numerical 
variables, as appropriate. The significance threshold was set at 
P = 0.05.

RESULTS

Flow Chart of the Study

The study population was drawn from an initial sample of 
107,588 patients with a primary BS treated in 2012, 2013, and 
2014 (Fig. 1). Among these patients, 61,667 (57%) patients 
underwent SG and 15,521 (14%) patients underwent AGB, as 
the first bariatric intervention.

Among these patients, 6396 (8.3%) patients required RBS, 
and 4 surgical sequences were identified and termed as “ini-
tial surgery”-“revisional surgery”: 2400 (37.5%) patients had 
SG-GBP, 2277 (35.6%) patients had AGB-SG, 1173 (18.3%) 
patients had AGB-GBP, and 546 (8.6%) patients had SG-SG 
(Fig. 1).

Characteristics of Patients at the Time of RBS

Table 1 describes the baseline characteristics of the patients at 
the time of primary BS and RBS, including reimbursements for 
the treatment of coexisting conditions. Among patients under-
going RBS, considering sequences SG-GBP, AGB-SG, AGB-
GBP, and SG-SG, the BMI categories were lower at the time 
of RBS compared with primary BS, respectively, by 46.4%, 
23.7%, 23.7%, and 43.8%. The median (months) interval 
between the primary surgery and RBS ranged from 46.1 (IQR: 
32.2–60.7) for SG-SG to 49.4 (IQR: 35.2–63.5) for AGB-GBP. 
The patient rates for antidiabetic treatments reimbursed in the 
year preceding RBS ranged from 3.5% for AGB-SG to 8.8% 
for SG-GBP.

Evolution of Antidiabetic Treatment Categories After RBS

Of the 412 patients who received antidiabetic treatment at the 
time of the RBS, 115 patients (27.9%) were treated with insu-
lin. Two years after RBS, considering the categories SG-GBP, 
AGB-SG, AGB-GBP, and SG-SG, the rates of discontinuation 
or decreases in the categories of reimbursement were 47.0%, 
47.1%, 49.3%, and 34.4%, respectively. Four years after RBS, 
the rates of reimbursement discontinuation and decreased cat-
egories of treatment were 46.1%, 45.9%, 56.6%, and 30.4%, 
respectively (Table 2). Figure 2 shows the course of care 
(sequence charts) of patients receiving antidiabetic treatments 
(continuation, discontinuation, or relapse) reimbursed 1 year 
before RBS (n = 412) and followed up until December 31, 2020. 
For example, in the AGB-SG sequence, approximately 27% of 
patients received insulin reimbursement 1 year before RBS and 
17% 1 year later. No de novo insulin reimbursement occurred 
in the other categories until 4 years of follow-up.
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Economic Impact of RBS on Reimbursement of 
Antidiabetic Treatments

Figure 3 shows the mean cost (euros) of antidiabetic treatments 
reimbursed per patient over a 2-month period in patients with 
antidiabetic treatments reimbursed 1 year before RBS and fol-
lowed up until December 31, 2020, depending on the sequences 
and treatment categories. At 4 years, the annual median cost 
(euros) per patient compared with the baseline pre-RBS was 
lower (P < 0.01) for all sequences (SG-GBP, AGB-SG, and AGB-
GBP), except for SG-SG (P = 0.24), respectively: 310.6 (65.7– 
835.8) versus 60.7 (0.0–337.7); 180.1 (45.6–734.0) versus 0.0 
(0.0–86.9); 241.3 (53.7–731.7) versus 0.0 (0.0–45.6); and 122.4 
(57.2–583.1) versus 66.2 (6.3–375.6) (Table 2). At 4 years, the 
annual median cost (euros) per patient was lower than that at 
baseline (P < 0.01) for all antidiabetic treatment categories at 
the time of revisional surgery (bi/tritherapy and insulin), except 
for monotherapy (P > 0.05).

DISCUSSION
The positive impact of BS on T2DM has been demonstrated 
by the results of long-term randomized controlled trials and 
analyses of nationwide databases such as the one studied 
here.3,4 However, few studies have extensively assessed the 
impact of RBS on the treatment of patients with T2DM, espe-
cially based on a nationwide database.9,11 Using the French 
medico-administrative SNDS database and focusing on reim-
bursement for antidiabetic treatment, we found that RBS 
(after AGB or SG) resulted in a substantial decrease in the 
number of prescribed antidiabetic treatments and the associ-
ated reimbursement costs. The data from this study strongly 
suggest that RBS has a favorable effect on antidiabetic 

treatments immediately after the procedure and over the 
course of the following 4 years.

RBS is increasingly becoming a public health and economic 
concern because of the major growth in primary BS performed 
in several countries over the past 2 decades.1 The most frequent 
indications of RBS, as shown by a cohort of expert centers 
including more than 3000 patients, are weight regain/weight loss 
failure and gastroesophageal reflux disease.14 Among the studies 
based on large databases,14,15 Dang et al15 showed in their met-
abolic and bariatric surgery accreditation and quality improve-
ment program database that the SG-GBP sequence (n = 13,432) 
provides more complications compared with primary GBP. 
They found a lower proportion of patients with T2DM (30% 
vs 11%) compared with primary GBP at baseline before RBS. 
Our rate of 10% of antidiabetic treatments before RBS in the 
SG-GBP sequence is, therefore, in line with that of a previous 
US study.15 However, this study did not provide outcomes on 
coexisting conditions. Most studies assessing RBS focused only 
on postoperative morbi-mortality.15,16 The literature review con-
ducted by Yan et al17 from a selection of 30 articles showed 
residual diabetes in 14% to 38% of patients at the time of RBS 
and improvement of diabetes in 65% to 100% of patients. In 
our study, there is a “drop” in the treatment determined by a 
shift from one treatment group to another, for example, a sub-
ject on bi/tritherapy before the intervention who would be on 
monotherapy after the intervention, a subject on insulin who 
would switch to bi/tritherapy, or treatment cessation deter-
mined by taking less than 3 antidiabetic treatments or stopping 
treatments within 1 year after the intervention. In addition, we 
studied the entire French population who underwent an ini-
tial bariatric procedure between 2012 and 2014, followed by 
a revision procedure within 8 years (until December 2020). As 
described previously,11,17 a surgical sequence with GBP in the 

FIGURE 1.  Flow chart. *Sequence of BS should be reading as primary BS to revisional BS; for example, SG-GBP means primary SG converted to GBP during 
follow-up. BPD±DS, biliopancreatic derivation ± duodenal switch.
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second intervention yielded higher improvement in diabetes 
after AGB than after SG, which was consistent with the findings 
of our study; however, our rate was lower than that reported in 
this review (65% of diabetes improvement with AGB-GBP in 
our study vs 79% in the review17). This can be explained by the 
population size of this study. Another critical issue was that the 
median time between primary and RBS was more than 4 years 
in our nationwide study. These data explain why it is difficult 
to determine the mid- to long-term outcomes of RBS in patients 
with T2DM.

Although several published18,19 analyses have demonstrated 
the cost-effectiveness of BS in patients with obesity and T2DM, 
none have addressed the impact of RBS on the reimbursement 
of antidiabetic treatments. We know that SG and GBP, as initial 
BS, have a stronger impact on the reimbursement of antidiabetic 
treatments than AGB.4 Here, the cost of antidiabetic treatments 
is divided by 2 as early as the next 2 months following RBS. The 
most impressive effect was found for the AGB-GBP sequence, 
where the annual cost per patient shifted from a median of more 
than 220 euros to 0 after 4 years. We cannot compare our out-
comes to literature. Our sequence chart graphics describe in an 
innovative way, and for the first time, in a cohort of patients 
undergoing RBS, the impact of the RBS on antidiabetic treat-
ment category evolution within 4 postoperative years after RBS, 
depending on the surgical sequence that was followed. However, 
unlike the initial BS, this benefit seems to be reduced during the 
4 years of follow-up, especially for the SG-SG sequence. Even 
though SG-SG has been found recently to provide equivalent 
long-term outcomes than primary SG, it is well known that SG 
is not as effective as GBP for the improvement/remission of met-
abolic coexisting conditions, such as T2DM.4,12 Regardless of 
the surgical sequence, the cost of monotherapy after revisional 
surgery presented the smallest decrease over time.

The major strength of this study lies in the innovative way 
in which the cost reimbursement of antidiabetic treatment per 
patient over time, in a real population, was presented and dis-
cussed. This is the first large-scale study on the mid-term out-
comes of this critical topic. The data presentation permitted 
the assessment of cost evolution depending on RBS sequences 
using the entire French population. The other strengths of 
using the SNDS with outpatient and inpatient data include 
the comprehensive record of data, minimum loss to follow-up, 
and absence of exclusion of socioeconomically disadvantaged 
patients, as detailed previously.4,5,13 However, this study has a 
few limitations. Patients with diabetes were defined based on 
the dispensing of antidiabetic treatments, and the evolution of 
their diabetic status was defined based on these treatments. The 
precise data on glycemic control were not available in the SNDS 
database. Although the initial sample based on the entire French 
population was large, the subgroups analyzed here were rather 
small, especially due to the data available for follow-up (median 
time between primary and RBS >4 years). Hence, it was not 
possible to perform a multivariate analysis to better explore 
the optimal choice of revision procedures in cases of persistent 
T2DM after primary BS. Using ICD-10 codes to describe the 
severity of obesity is another limitation of our study because 
the range of ICD-10 nomenclature of 10 kg/m² does not allow 
the precise description of the weight evolution of patients in a 
relevant manner. Weight regain management after GBP failure is 
a critical issue, and no clear decision algorithm has been estab-
lished by Western scientific societies. Generally, banding the gas-
tric pouch or shortening the common limb is often cited.20,21 We 
chose to exclude primary GBP in our study because there is no 
specific code in the French Surgical Classification describing the 
revision procedure after GBP.

This study shows a large positive effect of RBS on diabetes 
through the reduction or cessation of treatments in more than 
half of the patients with diabetes and by a significant reduc-
tion in the costs of reimbursement of diabetes treatments 
during the 4 years following the intervention, especially in T
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the AGB-GBP sequence. In some cases, the cost was cut by 2 
as early as 2 months after revisional surgery. A longer follow- 
up period is needed to better assess the long-term outcomes 
and confirm the long-term cost-effectiveness of RBS for anti-
diabetic treatment.
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