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Abstract
Background Bariatric surgery (BS) procedures are increasing
but few studies have investigated their influence on medical
management and costs in France.
Methods The “Echantillon Généraliste des Beneficiaires”
(EGB) is a 1/97 representative sample (n=520,000 in 2011)
of a national claims database covering about 80 % of the
population. Adult patients treated for the first time with BS
from January 2007 to December 2009 were identified, and a
cohort including 350 patients was constituted with a 2-year
follow-up before and after this primary procedure date (T). All
items of reimbursed medical consumption and comorbidities
over this period were identified. A comparison on the con-
sumed resources and costs of BS was performed over time
using multivariate models.

Results The annual per capita reimbursed health ex-
penses evolved from 2633€ (±3124) in year (T−2) to
3557€ (±3380) in (T−1), to 4240€ (±3840) in (T+1)
(excluding procedure cost), and to 3755€ (±5037) in
(T+2) with differences according to the type of surgery.
In 39 % of patients, the evolution of those costs be-
tween (T−2) and (T+2) decreased by 5 %. In multivar-
iate models, the significant factors were the presence of
diabetes or hypertension medications before the proce-
dure. Most items of medical consumption increased over
the period pre- and post-procedure and started to decrease
in (T+2).
Conclusions Although this series contains mostly gastric
bandings, which were less likely to affect comorbidities,
the workup for preparing BS was probably an opportu-
nity to benefit from a general clinical assessment which
has generated extra short-term medical consumption and
expenses began decreasing without allowing return on
investment.
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Introduction

Bariatric surgery (BS) is a treatment for obesity that has
demonstrated healthcare benefits [1–3] and survival improve-
ment over time [4]. Few studies have investigated the impact
of BS on medical management before and after surgery. The
number of BS procedures performed in France has been
rapidly increasing over the last 5 years with more than
30,000 patients treated in 2011 and a growth rate of 16 %
per year (http://www.ameli.fr/fileadmin/user_upload/
documents/cnamts_rapport_charges_produits_2014.pdf) [5].
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The increase of the obesity rate among the population is far
from being the main explanation of this trend. The 2012
Obepi national survey [6] estimated obesity prevalence at
15 % of the French population (nearly 7 million people)
of which 3.1 % had a body mass index (BMI) in the
range 35–39.9 and 1.2 % above 40 kg/m2. During this
period, the number of bariatric procedures has increased
dramatically. According to current French guidelines
(http://www.has-sante.fr/portail/upload/docs/application/
pdf/2011-10/reco2clics_obesite_adulte_chirurgie.pdf), BS
may be considered as a second-line treatment after
6 months of a medical management in patients with a
BMI ≥40 or ≥35 kg/m2 with associated comorbidities.
The choice of use of BS techniques has rapidly evolved
over the last decade. The reversible gastric banding (GB)
technique was representing only 25 % of procedures in
2011, whereas other new techniques such as gastric by-
pass (GBP) and especially sleeve gastrectomy (SG) were
expanding rapidly (+65 % per year over the period
2005–2011 for SG).

Recently, a representative sample of a national claims
database [7] was made available for researchers by the main
French National Sickness Fund (“Caisse Nationale
d’Assurance Maladie des travailleurs Salariés,” CNAMTS)
covering about 80 % of the whole population of all ages. It
gives access to a large representative cohort from 2003
onwards.

The aim of this study was to investigate in this database the
2-year impact before and after BS on medical management
and healthcare costs of obese patients according to the type of
surgical technique.

Materials and Methods

The EGB Database

The “Echantillon Généraliste des Beneficiaires” (EGB)
database, is a permanent random 1/97 sample of the
French statutory healthcare insurance system database
covering a population of approximately 50 million affil-
iates, which is regularly updated. The EGB includes
basic demographic data and has prospectively collected
reimbursed medical expenses since 2003, except for
acute care hospitalizations that were only collected from
2005 onwards. Up to 2011, the EGB was restricted to
the population covered by the main National Scheme
(CNAMTS) composed of salaried workers and their
relatives representing approximately 80 % of the whole
French population (self-employed and individuals work-
ing in some other specific activities are covered by
other schemes).

Available Data

The EGB contains data on all reimbursed services, procedures
(coded according to a reference list “Classification Commune
des Actes Médicaux” or CCAM), drugs (CIP codes), and
devices (coded according to the list “Liste des Produits et
Prestations Remboursables”—LPPR) at whatever co-
payment level, including dates of prescription, dispensing,
and quantities dispensed. Information on hospitalizations is
extracted from a specific diagnosis related groups (DRG)
database used for funding hospital stays (PMSI). Data avail-
able include main and secondary diagnoses (ICD-10 codes),
procedures performed during the stay, length of stay (total and
in ICU), and expensive medications and medical devices used
which are funded on top DRG tariffs.

To cover healthcare expenses that are not managed by the
compulsory public scheme, individuals have the possibility of
taking out supplementary insurance with a mutual fund or
insurance company. Persons on low incomes are entitled to
supplementary Universal Health Insurance Coverage (“CMU
complémentaire” or CMUc), which covers all costs. This last
information is the only one available in the database to qualify
individuals with a low socioeconomic status.

Comorbidities

A list of 30 severe chronic diseases including, for example,
diabetes and cardiovascular diseases has been designated by
the healthcare insurance as “Affection de Longue Durée”
(ALD), which provides eligibility for full coverage of all
medical and pharmaceutical expenses related to the disease.
General comorbidity was identified here as combining data
from diagnosis recorded during acute care hospitalization in
the DRG database and diagnosis belonging to the ALD list of
diseases making patients eligible for full coverage. The EGB
database also includes the date of death if any.

Obese Patient Identification

Obese patients were identified in the database as those hospi-
talized for BS. Only in that case, the DRG database used for
reimbursement of acute care hospitalization requests a specific
coding of patients’ BMI according to the following groups
(E66 ICD-10 codes of obesity): 30–39.9, 40–49.9, and above
50 kg/m2. This coding was made compulsory as primary
diagnosis by health authorities in order to allow monitoring
the appropriateness of surgery regarding French clinical
guidelines (http://www.has-sante.fr/portail/upload/docs/
application/pdf/2011-10/reco2clics_obesite_adulte_chirurgie.
pdf). Aside from this situation, the ICD-10 coding of obesity
can be recorded as an associated diagnosis in case of hospi-
talization for any cause but at a physician’s discretion. In this
context, constituting a control group of obese patients not
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having benefited from any BS was not attempted here due to
potential biases.

Study Period

We used a “before and after” approach consisting in compar-
ing patients’ utilization of healthcare over a 2-year period
before and after the date of the primary BS from January
2007 to December 2009. The medical management of this
population and its associated costs were described over four
subsequent 1-year periods. The first 1-year period started
2 years before the BS date, the second one was the year before
surgery, the third one was the year after surgery, and the last
one was the year starting 1 year after surgery.

Selection Criteria for the Study Population

The following selection criteria were used to identify the study
population: age ≥18 the day of surgery; present in the database
2 years before and after the date of surgery; with a primary BS
procedure performed during the period 2007–2009 recorded
with the following main ICD-10 diagnoses: E660 (obesity due
to excess calories), E662 (extreme obesity with alveolar
hypoventilation), E668 (other obesity), or E669 (obesity,
unspecified).

To identify BS procedures, we used the two types of codes
currently used in France within the DRG database for reim-
bursement either of procedures (CCAM) or of devices (LPP)
in case of GB. Procedures consisting in changing or removing
GB had specific codes (HFKC001, HFKA002, HFMC008,
HFMA011, HFKA001, and HFMA002) and could then be
used to identify non-primary BS procedures, and the corre-
sponding patients were excluded from the analysis.

Patients were categorized according to the surgical tech-
nique: GB (codes HFMC007, HFMC005, HFMA006, and
HFMA009), GBP (codes HFCC003 and HFCA001), SG
(codes HFMC006, HFMA010, HFFC018, and HFFA011),
and biliopancreatic diversion (BPD; codes HFFC004,
HFFA001, HGCC027, and HGCA009).

Obesity-Associated Comorbidity

Five specific comorbidities were analyzed through the con-
sumption of tracking drugs or devices: diabetes mellitus,
dyslipidemia, hypertension, depression, and sleep apnea.

1. Antidiabetics: A10 class “drugs used in diabetes”
2. Statins or fibrates: C10AA class “HMG CoA reductase

inhibitors” or C10BX class “HMG CoA reductase inhib-
itors, other combinations” or C10AB class “fibrates”

3. Antihypertensive drugs: C02 class “antihypertensive” or
C03 class “diuretics” or C07 class “beta-blocking agents”

or C08 class “calcium channel blockers” or C09 class
“agents acting on the rennin-angiotensin system”

4. Antidepressants: N06A class “antidepressants”
5. Sleep apnea: if patient had at least one hospitalization with

an ICD-10 diagnosis Z991+1 (dependence on respirator:
nasal ventilator) or Z991+8 (dependence on respirator:
other procedures) or at least one medical device recorded
for sleep apnea.

Economic Analysis

The perspective of costing was societal but restricted to direct
costs. All items of healthcare consumption eligible for reim-
bursement and associated costs were assessed for each study
period at current prices. These costs comprised the reimbursed
part as well as the co-payment. This co-payment varies ac-
cording to the item of consumption and severity of condition
and is generally partly covered by supplemental private insur-
ance. Inpatient care costs were derived from the DRG coding
currently used for acute care hospital funding. Full unit costs
per DRG were used for cost estimation. Those values were
issued from the 2010 “Etude Nationale de Coûts à
méthodologie Commune” (ENCC cost study), which is used
as the reference for hospital tariff definition in France (http://
www.atih.sante.fr/?id=000370000AFF). All consumptions of
services, devices, or drugs not eligible for reimbursements by
public insurance (OTC drugs, for example) are not recorded in
the database, and costs could thus not be estimated.

Statistical Analysis

Data management and statistical analysis were carried out

on the defined patient groups according to the nature of BS.
Student’s t test, chi2 test, or Fisher’s exact test was performed
according to the type of variable. A p value below 0.05 was
considered significant.

We modeled the trends in healthcare expenses per patient
by ATC classes and comorbidity drug-derived markers using
generalized estimating equation (GEE) models in order to take
into account intrasubject correlations. Statistical significance
of time trends was determined based on fractional polynomial
models of the time trends across the four periods. A multivar-
iate analysis was also performed (generalized linear model) to
determine factors linked with the evolution of the mean total
healthcare expenses per patient between −2 and −1-year pe-
riods. The following explanatory variables were added to the
model: age, gender, BMI, year of surgery, presence of severe
comorbidity, low economic status, and planned BS technique.
A reference group (most frequent characteristics of patient)
was defined as female patients, less than 30 in age, with a BMI
of 30–40, with no severe comorbidity, and with a planned GB
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surgery. In this group, the mean per patient increase in
healthcare expenditures before surgery corresponds to the
intercept of the model.

Results

Description of the Study Population

A total number of 667 procedures were first identified over the
inclusion period (January 1, 2007, to December 31, 2009)
corresponding to 591 adult patients. Further exclusions con-
cerned 180 patients readmitted for gastric bypass or balloon
change or removal, 54 patients covered by other insurance
schemes during the whole study period, and 7 patients who
had previous procedures in the years 2005 and 2006. The final
population sample comprised 350 evaluable patients (Fig. 1).

Among the 350 obese patients who underwent primary BS
over the period 2007–2009, 62.5 % had a GB, 20 % a GBP,
16.5 % a SG, and only 1 % (n=4) a biliopancreatic diversion
(BPD). Globally, 83.4 % of the population was female. Pa-
tients were aged in the range 18–66 years with a mean of
38.9 years (±11.3). The BMI was between 30 and 40 kg/m2 in
27.4 %, between 40 and 50 kg/m2 in 69.7 %, and over 50 kg/
m2 in 2.9 % of patients. Female patients were younger (37.9±
11.0 years) than male patients (44.0± 11.7 years) and were
more frequently benefitting from CMUc between 2005 and
2011 (30.1 versus 20.7 %), indicating a lower economic
status.

The characteristics of the subgroups according to the type
of surgery are described in Table 1. The percentage of women
was slightly lower among patients with a GBP (76.8 %), but

the difference did not reach statistical significance (p=0.30).
Patients who benefitted from a SG or a BPD were 43 years
old, so about 4 or 5 years older than patients with a GB
(37 years) or patients with a GBP (40 years) (p=0.002). No
statistical difference in the proportion of BMI categories was
found between the four bariatric surgery groups (p=0.20). The
proportion of patients with full reimbursement of expenses
(because of presence of any severe comorbidity) was higher,
even if borderline significant, in the GB (22.4 %) and the GBP
(24.6 %) groups and lower in the SG group of patients
(15.5 %) (p=0.05). The frequencies of comorbidities were as
follows: 0.6 % of patients had HIV, 1.4 % rheumatoid arthritis,
3.1 % cancers, 9.4 % psychiatric disorders, 9.7 % asthma and
respiratory diseases, 13.1 % diabetes, and 18.5 %
hypertension.

Characteristics of Hospitalization for Primary Procedures

The comparison of mean in-hospital length of stay (LOS) for
the primary procedure (Table 1) indicates marked differences
according to the techniques from 3.1 days in average for GB to
8.2 days for SG. The median full hospital costs were in the
range 3568–6384€ according to the techniques with the
highest value observed for GB. These costs were derived from
the various DRGs used to cover the hospital stay including
procedure as well as medical fees and overhead.

Healthcare Consumption Over Time: Physician Visits
and Specific Medication Uptake

We analyzed the percentage of patients who had at least one
visit to physicians of different specialties each year of the

Fig. 1 Flowchart of patient
selection
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study period (users) and the mean annual number of visits per
patient (Table 2). The number of GP visits slightly increased
over time from the first year pre-surgery and then remained
steady. Two years pre-surgery, a low proportion of patients
were consulting cardiologists, diabetologists, gastroenterolo-
gists, and psychiatrists, whereas in the year pre-surgery, those
proportions increased dramatically. After surgery, the frequen-
cies of specialist visits were decreasing.

In the whole population, the mean annual specific expenses
per patient were decreasing significantly over time for antidi-
abetics and antihypertensive drugs and remained steady for
statins and antidepressants whereas an increase was observed
for sleep apnea treatment, although none reaching statistical
significance, due to the low numbers of patients involved
(Fig. 2). These results reflected mostly the proportions of
patients using the corresponding drugs or devices.

These trends were different according to the BS techniques.
In the most numerous group of patients, i.e., treated by GB,
the only significant modification in proportion of users con-
cerned sleep apnea where it almost doubled from 4.6 to 7.8 %

over the 4-year period. The other proportions of users
remained steady over time (7–8 % for antidiabetics, 8–10 %
for statins/fibrates, 18 % for antihypertensive drugs, and 16 %
for antidepressants). The reduction of antidiabetics and anti-
hypertensive drug use was driven by the subgroups of patients
with SG and GBP (Table 3). In these two groups, the drops in
the proportion of drug users were significant with an absolute
reduction of a magnitude of 10 % before and after surgery.
Concerning sleep apnea, the data suggested that this condition
was only identified and treated in a large proportion of patients
at the occasion of the pre-surgery workup, with a doubling of
the number of patients treated. Then, a moderate decline of
users was observed post-surgery.

Overall Healthcare Cost Evolution

Figure 3 describes the evolution of overall healthcare costs in
the whole study population. The medical costs increased
markedly before surgery during the second year as compared
to the first. This increase was observed in all cost categories,

Table 1 Characteristics of patients according to the type of bariatric surgery (n=346)

Gastric banding Gastric bypass Sleeve gastrectomy p

219 (62.5 %) 69 (20.0 %) 58 (16.5 %)

Gender (% female) 85.4 % 76.8 % 84.5 % 0.30

Mean age in years, m (SD) 37.3 (11.1) 39.9 (11.2) 43.2 (11.7) 0.002

Body mass index, % 0.20

Missing data 32 6 5

BMI 30–40 kg/m2 58 (31.0 %) 16 (25.4 %) 9 (17.0 %)

BMI 40–50 kg/m2 123 (65.8 %) 47 (74.6 %) 41 (77.4 %)

BMI ≥50 kg/m2 6 (3.2 %) – 3 (5.7 %)

Affiliated to CMUc (low economic status), n (%) 49 (22.4 %) 17 (24.6 %) 9 (15.5 %) 0.57

Mean length of stay (days), m (SD) 3.1 (1.3) 7.6 (3.6) 8.2 (7.9) <0.0001

Median [min/max] (days) 3.0 [0.0/7.0] 7.0 [3.0/29.0] 7.0 [3.0/56.0]

Mean cost, m (SD) Euros 3955 (1081) 6499 (2518) 4792 (1531) <0.0001

Median [min/max] (euros) 3568/1255/14,424 6384/1960/16,490 4699/3568/12,610

Table 2 Proportion of patients visiting GPs or specialists over the four periods

Physician visits Before surgery After surgery p

−2 years −1 year +1 year +2 years

GPs: % users (mean annual number/patient) 94.3 % (7.7) 95.4 % (8.6) 94.6 % (8.3) 93.1 % (8.4) 0.49

Specialists: % users (mean annual number/user) 75.4 % (5.1) 98.0 % (8.5) 96.9 % (7.6) 89.7 % (7.4) <0.0001

Psychiatrists: % users 9.1 % 59.4 % 11.4 % 8.3 % <0.0001

Cardiologists: % users 7.1 % 36.9 % 10.3 % 8.9 % <0.0001

Diabetologists: % users 12.3 % 48.3 % 22.0 % 14.6 % <0.0001

Gastroenterologist: % users 4.3 % 24.0 % 4.9 % 3.4 % <0.001

Rheumatologists: % users 5.4 % 6.9 % 5.1 % 4.6 % 0.50

Neurologists: % users 2.0 % 2.3 % 3.1 % 3.4 % 0.58
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inpatient as well as outpatient cares. Immediately after sur-
gery, costs continued to increase but were mainly driven by
outpatient care with a small decrease in inpatient care costs
(excluding primary surgery). In the second year post-surgery,
costs were decreasing and this was driven by the lower out-
patient care costs and by a small increase in inpatient care
costs. The mean cost associated with readmissions related to
BS complications or failures (192€) was not sufficient to

explain this last increase. These evolutions were similar in
all categories of surgery (Table 4).

Healthcare Expense Increase Pre-surgery

In multivariate analysis, age, gender, severe comorbidities,
and type of surgery remained significantly related with
healthcare expense increase (Table 5). A reference group

Fig. 2 Pharmaceutical mean
annual costs (SD) per patient (€)
2 years before and after bariatric
surgery and percentage of users

Table 3 Comorbidity drug or
device markers: at least three re-
imbursed items per year

Before surgery After surgery p

−2 years (%) −1 year (%) +1 year (%) +2 years (%)

Gastric banding (N=219)

Antidiabetics 7.3 9.1 8.7 8.2 0.39

Statins or fibrates 7.8 9.1 9.6 10.0 0.13

Antihypertensive drugs 18.3 17.8 17.4 18.3 0.73

Antidepressants 16.0 15.5 16.0 16.0 0.98

Sleep apnea devices 4.6 8.2 7.8 7.8 0.0017

Sleeve gastrectomy (N=58)

Antidiabetics 17.2 22.4 12.1 12.1 0.01

Statins or fibrates 10.3 10.3 8.6 12.1 0.44

Antihypertensive drugs 34.5 37.9 29.3 27.6 0.004

Antidepressants 24.1 27.6 25.9 22.4 0.57

Sleep apnea devices 12.1 17.2 13.8 13.8 0.06

Gastric bypass (N=69)

Antidiabetics 11.6 17.4 5.8 4.3 0.0008

Statins or fibrates 7.2 8.7 2.9 2.9 0.08

Antihypertensive drugs 23.2 26.1 21.7 17.4 0.07

Antidepressants 18.8 18.8 14.5 15.9 0.57

Sleep apnea devices 8.7 18.8 20.3 13.0 0.0016
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Fig. 3 Annual total direct cost
(excluding primary surgery) per
patient (€) before and after
bariatric surgery

Table 4 Annual total direct cost per patient (€) before and after bariatric surgery (France)

Cost category Before surgery After surgery

−2 years −1 year +1 year +2 years

Global (N=350)

Per patient total direct costa (SD) 2633 (3124) 3557 (3380) 4240 (3846) 3755 (5037)

Outpatient care (SD) 1798 (2081) 2497 (2125) 3507 (2524) 2367 (2837)

Pharmaceuticals 578 (963) 616 (1029) 664 (1049) 634 (1470)

Hospitalizations (SD) 835 (1871) 1060 (1834) 733 (2149) 1388 (3253)

First bariatric surgery procedure 0 0 4612 (1829) 0

Gastric banding (N=219)

Per patient total direct costa (SD) 2334 (3055) 2855 (2445) 3681 (2564) 3398 (4469)

Outpatient care (SD) 1539 (1960) 2131 (1797) 3196 (2028) 2057 (2152)

Pharmaceuticals 457 (669) 479 (714) 551 (841) 525 (1084)

Hospitalizations (SD) 795 (1900) 724 (1183) 485 (1149) 1341 (3373)

First bariatric surgery procedure 0 0 3955 (1081) 0

Sleeve gastrectomy (N=58)

Per patient total direct costa (SD) 3416 (3119) 5467 (5076) 5350 (4267) 5044 (6397)

Outpatient care (SD) 2415 (2177) 3389 (2620) 4410 (3470) 3158 (3902)

Pharmaceuticals 820 (976) 947 (1162) 886 (879) 855 (1258)

Hospitalizations (SD) 1000 (2007) 2078 (3188) 940 (1725) 1886 (3609)

First bariatric surgery procedure 0 0 4792 (1531) 0

Gastric bypass (N=69)

Per patient Total direct costa (SD) 2973 (3316) 4210 (3540) 5020 (6015) 3964 (5436)

Outpatient care (SD) 2112 (2287) 2920 (2375) 3694 (2812) 2767 (3542)

Pharmaceuticals 777 (1541) 791 (1572) 855 (1615) 821 (2423)

Hospitalizations (SD) 861 (1715) 1290 (1711) 1326 (4031) 1197 (2561)

First bariatric surgery procedure 0 0 6499 (2518) 0

a Excluding the first bariatric surgery procedure
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chosen arbitrarily was defined as female patients, less than 30
in age, with a BMI of 30–40, with no severe comorbidity, and
with a planned GB surgery. In this group, the mean per patient
increase in healthcare expenditures before surgery was 1628€.

Discussion

In this representative sample of obese patients referred for BS,
healthcare resource consumption increased rapidly before sur-
gery and decreased after surgery but remained at a higher level
than before the BS procedure. This evolution of costs was
observed whatever the type of surgery performed.

The pre-surgery workup generates multiple visits and pro-
cedures yielding to a substantial increase in healthcare ex-
penses that may continue over the couple of years post-
surgery for all conditions that have not been resolved or

alleviated in the short term by the procedure. Multivariate
analysis showed that pre-surgery cost increase was higher in
patients operated by SG and GBP than in those operated by
GB. Although the choice of surgical technique depends more
often on surgeon’s experience and expertise than on scientific
validation, GB is often proposed to younger patients with less
comorbidity while SG and GBP have been proven to be more
efficient in severely ill patients [8]. Looking at particular drug
consumptions in diabetes and hypertension, declines of uptake
appeared to be differentiated according to the type of surgery
with significant results only for GBP and to a minor extent for
SG. These data are in accordance with the literature as it is
now widely accepted that GB has the lowest impact on weight
loss and comorbidities in comparison with GBP and SG [3]. In
our model, everything else being unchanged, the mean per
patient healthcare expenditures before surgery would have
been increased by 1827€ in case of SG, by 2007€ in the
presence of a severe comorbidity, and by 1600€ for a patient

Table 5 Evolution of the mean
total healthcare expenses per pa-
tient between −2-year and −1-
year periods and explanatory
variables

Univariate analysis Multivariate analysis

N=303/intercept=+1628€

Estimated p value Estimated p value

Age (years) N=350 <0.0001 0.0145

<30 (ref. mean=1724€) 0 0

30–40 +180€ −54€
40–50 +904€ +367€

≥50 +2874€ +1600€

BMI (kg/m2) N=307 0.64 0.4851

BMI between 30–40 (ref. mean=2590€) 0 0

BMI between [40–50] −377€ −444€
BMI≥50 −440€ −515€

Year of surgery N=350 0.63 0.7870

Intercept +

2007 (ref. mean=2053€) 0 0

2008 +377€ +240€

2009 +314€ +278€

Gender N=350 0.0026 0.0388

Female (ref. mean=2112€) 0 0

Male +1311€ +940€

Presenting with severe comorbidity (ALD) N=350 <0.0001 <0.0001

No (ref. mean=2110€) 0 0

Yes +2452€ +2007€

Affiliated to CMUc (low economic status) N=350 0.0337 0.1549

No (ref. mean=2486€) 0 0

Yes −835€ −592€
Surgery N=346 <0.0001 0.0003

Gastric banding (ref mean=1821€) 0 0

Gastric bypass +1072€ +873€

Sleeve gastrectomy +2132€ +1827€
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>50 of age. Interestingly, those were decreased in patients
with higher BMI. This may indicate that these patients were
already well medically managed prior to 2 years before sur-
gery. The variable indicating the existence of a low economic
status became non-significant in the multivariate analysis,
indicating its probable multiple correlations with the other
variables analyzed. Due to the very low numbers of
intragastric balloon placement and BPD,multivariate analyses
did not take them into account.

French guidelines for BS have been issued in 2009 (http://
www.has-sante.fr/portail/upload/docs/application/pdf/2011-
10/reco2clics_obesite_adulte_chirurgie.pdf). They contain
recommendations about the indications of BS in adult
patients and the appropriate medical assessment and
management before surgery. I t is clear that the
implementation of those recommendations translates into a
series of visits to specialists, biological and clinical tests, and
procedures that probably take place during the first year pre-
surgery, leading to substantial increase of healthcare expenses
per patient. This increase was higher in patients with GBP and
SG that were more frequently performed at the end of our
inclusion period. This finding may be interpreted in the
perspective of a higher compliance with guidelines in
general or consequently of the use of more invasive surgical
procedures. However, our data were not precise enough as to
check how French physicians complied with these
recommendations.

Several economic studies were performed in other coun-
tries but with contrasting results. Most of them used also

claims databases. In several studies, it was attempted to build
control groups based on dedicated algorithms because of a
lack of information on BMI. This probably indicates why
other authors preferred to compare the expenses pre- and
post-surgery. If some authors showed a significant decrease
in healthcare expenses with a return on investment over 3 to
7 years [9–15], their results appeared to be highly dependent
on the patients’ population selection, such as a selected group
of diabetic or elderly patients, not representative samples
(Table 6). Most studies were performed in the USA and
included mostly patients complying with the Medicare rec-
ommendations. Operated patients presented with high levels
of BMI, mainly over 50, and appeared to have a different
profile as compared to our population. Other authors de-
scribed an immediate increase in healthcare expenditures after
surgery and a return to initial level in the long term [16–18].
All authors agreed that some medication uptakes were highly
decreasing, especially for agents used in diabetes, dyslipid-
emia, and hypertension [19]. But these results were highly
dependent on the mix of surgical techniques performed, on the
time horizon, and on the characteristics of patients.

The principal strength of this study was the representative-
ness of the sample allowing extrapolation to the whole French
healthcare system. Completeness in cost information was
another advantage of the EGB database. The fact that we used
specific drugs or devices as tracking variables for comorbid-
ities led us to validate, in a representative real-life cohort
study, the impact of BS on comorbidities such as diabetes
and hypertension, especially with some types of surgery (GBP

Table 6 Critical reporting of foreign economic study design and follow-up

Reference
number

First author Publication
year

Country Study
design

Bariatric
surgery
patients
(n)

Control group
(non-surgical)

Patient
selection

Follow-
up (year)

[12] Makary 2010 USA Administrative state
claims data

2235 No Diabetics only,
commercial
insurance only

3

[13] Sampalis 2004 Canada Monocentric
observational cohort
study

1035 Age- and gender-
matched obese patients

Retrospective series 5

[14] Sussenbach 2012 Brazil Historic cohort study 194 No Retrospective series 3

[15] Cremieux 2008 USA Employer claims
database

3651 Comorbidity-,
demographics-,
and cost-matched
obese patients

Employees with health
insurance only

2

[16] Klein 2011 USA Administrative claims
database of privately
insured patients

808 Comorbidity-,
demographics-,
and cost-matched
obese patients

Diabetics only, insured
patients only

2

[17] Mullen 2012 USA Health plan members 224 Total health plan obese
population without
matching

Gastric bypass only 5

[18] Myers 2012 USA State-managed health
insurer database

39 Obese patients from
the database

Insured patients only 6

994 OBES SURG (2015) 25:986–996

http://www.has-sante.fr/portail/upload/docs/application/pdf/2011-10/reco2clics_obesite_adulte_chirurgie.pdf
http://www.has-sante.fr/portail/upload/docs/application/pdf/2011-10/reco2clics_obesite_adulte_chirurgie.pdf
http://www.has-sante.fr/portail/upload/docs/application/pdf/2011-10/reco2clics_obesite_adulte_chirurgie.pdf


and SG). Moreover, the mix of procedures has drastically
changed recently, with a vast majority of procedures being
now GBP and SG. The methodological constraint of the
before and after approach is to use data with a minimum of
2 years of follow-up post-surgery. In a situation of rapid
change of practices, this method implies that the mix of
surgical techniques observed is not reflecting the present
situation. In fact, the landscape of bariatric surgery is chang-
ing, with GB now accounting for less than 25 % of cases. It is
the reason why the analysis was performed according to each
technique but remains representative when analyzed by type
of surgery. At this stage, it may let us think that the impact of
BS on comorbidities is today more important than in our
sample of patients. But this needs to be confirmed with an
update of this study on more recent data.

The lengths of stay are much longer in French acute care
hospitals as compared to those in the USA. These results
reflected not only the procedure itself but probably, in some
cases, some pre-op workup and the management of early
complications. Furthermore, although newly adopted in other
countries, ambulatory bariatric procedures are still not rou-
tinely performed in France [20].

The weaknesses were mainly related to the limited sample
size with only 350 patients and with the relative short duration
of follow-up. Another limitation of the study was that BMI
was only captured systematically in the French system in
patients with BS, and therefore, selecting a control group
appeared to be hazardous. Further, the cost assessment only
went out for 2 years. However, at the time when the analysis
was performed, the data used were the most recent ones
available. Considering one extra year of follow-up would be
possible but would change marginally the conclusion of our
work if any. In terms of long-term follow-up, a significant
duration would be 5 years. Finally, the impact of BS onweight
loss and comorbidity resolution is well demonstrated [4].
However, in this 4-year French claims database, only 15–
24 % of the patients undergoing BS (depending on the proce-
dure) had major comorbidities. This fact would have led to
artificially reduced global procedure effects.

Despite these limitations, our results are in line with pub-
lished data collected over the same time period with the
exception of a positive return on investment that has been
observed rapidly in some of the publications. The clinical
procedures and visits prior to BS were probably an opportu-
nity for most patients to benefit from a general checkup that
has generated extra short-term medical consumption.

Conclusion

In conclusion, the workup for preparing bariatric surgery was
probably an opportunity, in a large fraction of those patients,
to benefit from a general clinical assessment which has

generated extra short-termmedical consumption and expenses
that began decreasing without allowing a return on invest-
ment. Other studies with longer-term follow-up will be needed
to capture the long-term economic benefit of bariatric surgery.
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