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Background: The treatment of obesity and related co-
morbidities are significant financial burdens and
sources of resource expenditure. This study was con-
ducted in order to assess the impact of weight-reduc-
tion surgery on health-related costs,

Methods: This was an observational two-cohort
study. The treatment cohort included patients having
undergone weight-reduction (bariatric) surgery at the
McGill University Health Centre (MUHC) between 1986
and 2002. The control group included age and gender
matched obese patients who had not undergone
weight-reduction surgery from the Quebec provincial
heaith insurance database (RAMQ). The cohorts were
followed for a maximum of 5 years from inception.The
primary outcome measure was overall direct health-
care costs, Secondary outcomes included cost analy-
sis by diagnostic category for the treatment of new
medical conditions following cohort inception.

Results: The cohorts were well-matched for age,
gender and duration of follow-up. Patients having
undergone bariatric surgery had significant reduc-
tions in mean percent initial excess weight loss
(67.1%, P<0.001) and in percent change in initial body
mass index (34.6%, P<0.001). Bariatric surgery
patients had higher total costs for hospitalizations
(per 1,000 patients) in the first year following cohort
inception (surgery cohort = CDN $12,461,938; control
cohort = CDN $3,609,680). At 5 years after cohort
inception, average cumulative costs for operated
patients were CDN $19,516,667 versus CDN
$25,264,608, for an absolute difference of aimost CDN
$6,000,000 per 1,000 patients,

Conclusion: Weight-reduction surgery in morbidly
obese patients produces effective weight loss and
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decreases long-term direct health-care cosis, The ini-
tial costs of surgery can be amortized over 3,5 years,

Key words: Barialric surgery, morbid obesity, health care,
health-care costs, resource utilization, pharmacoeconom-
ics

Introduction

During recent years, obesity has emerged as a major
public health problem and is second to smoking as a
leading cause of preventable, premature death in the
United States and the Western World.! According to
the World Health Organization (WHO), there is a
growing epidemic of obesity throughout most of the
developed and developing world.? The prevalence of
obesity in Canada has increased from 5.6% in 1985
to 14.8% in 1998.

Morbid obesity is independently associated with
an increased risk for mortality®® and increased
physical and psychological dysfunction.>® The
associations between morbid obesity and increased
risk for the development of hypertension, coronary
artery disease, diabetes, cancer and respiratory con-
ditions have been well-documented.”'* The data in
the literature have shown that bariatric surgery is
effective in producing short- and long-term weight
loss in obese patients'? and is more effective than
dieting in producing sustained weight loss.

In addition to the increased risk for mortality and
morbidity, obesity consumes a large portion of
health-care expenditures through both direct and

Obesiry Surgery, 14, 2004 939



Sampalis et al

indirect costs related to the management of obesity
and its sequelae.?*?" Obesity has been shown to be
associated with a 36% independent increase in inpa-
tient and outpatient spending and a 77% increase in
medication use.”® In view of the impact of obesity
on health status and quality of life, it is anticipated
that weight loss in obese patients will be associated
with both health and economic benefits>® However,
to our knowledge there have not been any reports of
the economic effects of weight-reduction surgery in
morbidly obese patients compared to non-operated
individuals.

This study was undertaken with the goal of evalu-
ating the effect of weight-loss (bariatric) surgery on
health-care costs. The current study addresses this
issue by comparing the direct health-care costs
related to hospitalization for two cohorts of obese
patients: one cohort that underwent weight-reduc-
tion surgery and one that did not.

Methods

Study Design

This was an observational two-cohort study that
compared the health-care costs of a cohort of mor-
bidly obese patients treated with bariatric surgery at
the Center for Bariatric Surgery, McGill University
Health Centre (MUHC) to that of matched morbidly
obese controls that had not been treated surgically.
The inception time of the bariatric cohort was the
time of admission for surgery. The inception time
for the control group was the date of surgery of their
matched bariatric patients. A maximum of six con-
trols were identified for each bariatric subject. The
two cohorts were followed for 5 years.

Assembly of Study Cohorts

A total of 1,118 patients underwent bariatric surgery
for the treatment of morbid obesity at the MUHC
between January 7, 1986 and June 8, 2002. The
unique health insurance numbers of these patients
were used to retrieve their information from the
provincial health insurance database of the Regie de
I'assurance maladie du Quebec (RAMQ). The
RAMQ database includes information regarding all
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health-care utilization claims, including those for
hospitalizations, physician visits, prescription med-
ications and other paramedical services. Database
linkage was conducted using encrypted provincial
health insurance numbers to ensure anonymity of
the patient. Data concerning weight loss parameters
for these patients were extracted from the MUHC
bariatric surgery patient registry.

Of the 1,118 patients in the bariatric surgery
cohort, 83 patients were excluded because they were
treated for one of the outcome conditions listed in
Table 1 prior to their operation. If a patient had a
repeat bariatric surgery, the index surgery was used
as the point of entry into the cohort and the subse-
quent surgery was included in the follow-up mor-
bidity assessment.

The RAMQ database was queried to identify a
maximum of six control subjects for each bariatric
patient. The inclusion criteria for the controls were
a diagnosis of morbid obesity according to the ICD9
codes for treatment in a hospital, treatment by a
physician or as an indication for a prescription, as
well as never having had surgery for the treatment of
obesity, and never having been treated for one of the
outcome conditions listed in Table 1 prior to the date
of surgery for the matched bariatric subject. Each
bariatric patient was caliper-matched to controls
with respect to the date of the first diagnosis of mor-
bid obesity within 2 years, age within 5 years, and
gender. There were a total of 6,210 controls identi-
fied, of which 464 were excluded because they had
heen hospitalized for one of the chronic conditions
listed in Table 1 prior to the surgery date of their
matched bariatric patient.

The final study sample included 1,035 bariatric

Table 1. Exclusion Criteria — Chronic Conditions

Diseases of the Blood and Blood-Forming Organs
Cancer

Cardiovascular and Circulatory Diseases
Digestive Diseases

Endocrinological Diseases including Diabetes
Genito-urinary Diseases

Infectious Diseases

Musculoskeletal Disorders including Arthritis
Nervous System Diseases

Psychiatric and Mental Diseases

Respiratory Diseases

Skin Diseases



surgery patients and 5,746 matched controls.
Weight loss for the bariatric surgery cohort was
estimated using the percent change in body mass
index (BMI) and percent excess weight loss. The
percent change in BMI was calculated as: 100%
x{(BMI-BMI,)/BMI,} where BMI;=the BMI at the
last follow-up and BMI, is the BMI at the time of
surgery. The percent excess weight loss was calcu-
lated as: 100% x{(W,-W)VEW,} where W =the
weight (kg) at the time of surgery, W ,=the weight
(kg) at the last follow-up and EW =the excess
weight at the time of surgery. Excess weight was
estimated according to the formula described by
Deitel and Greenstein®® and are based on the
Metropolitan Tables for middle frame individuals.

Surgical Procedures

Roux-en-Y Gastric Bypass (RYGBP)

Patients were given 2 gm sodium cephazolin i.v. and
7,500 units of unfractionated heparin s.c. with
induction of anesthesia. Exposure was obtained
through an upper midline incision. Blunt finger dis-
section was used to encircle the cardia of the stom-
ach at the angle of His and the lesser curvature of
the stomach approximately 2 cm distal to the gas-
troesophageal junction. At this point, a 2 cm win-
dow was made along the lesser curvature of the
stomach. A previously placed 32-Fr bougie was held
against the lesser curvature and a 25-mum EEA?
(Ethicon Endo-Surgery) was used to create a circu-
lar opening into the stomach.

The PI-90® instrument (US Surgical Corp) was
passed through this opening (with the help of a No.
28 chest be), positioned in a vertical orientation
against the bougie, and fired. A second firing of the
PI-90 created a quadruple row of staples, and the
stomach was completely divided between the sta-
ple-lines, A Roux limb of jejunum (50-300 cm long
depending on the BMI and the date of the surgery)
was brought up in a retrocolic, retrogastric fashion,
and an end-to-side gastrojejunostomy was fashioned
using a 3-0 PDS® (Ethicon Endo-Surgery) single
continuous suture around an 18-gauge nasogastric
tube. The end result was a gastric pouch 1.2 cm in
diameter and 4-5 cm long with a calculated volume
(me® x height) of ~4.5-6 cc (approximately the size
of a thumb). The jejunojejunostomy was completed,
and the mesenteric defects were closed. The naso-
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gastric tube was removed after a satisfactory meth-
ylene blue and air bubble leak test. A small suction
drain was placed next the gastrojejunostomy and
brought out through a separate stab-wound incision
up to 1998. No drains were used afterwards. The
fascia was closed with a No. 2 Maxon® double
suture in a continuous fashion. The subcutaneous
tissue was irrigated and carefully dried with clean
sterile sponges that had not touched skin,

Clips were used to close the skin, and an occlusive
dressing was applied. Two more doses of cephazolin
were given after surgery and 7,500 units of s.c.
heparin was continued until patient discharge.
Patients were placed on a cardiac monitor after
surgery and ambulated later on the day of surgery.
Ice chips and water were given orally the night of
the operation, initially limited to no more than 60
mL per hour. The following morning, if there was
no tachycardia >120 bpm, tachypnia or fever, the
patients were given a clear fluid diet and advanced
to full fluid diet as tolerated. Discharge followed on
the 3rd-4th postoperative day. The first appointment
to the bariatric clinic was scheduled for 2 weeks
after surgery.

Since February 2002, we have been performing
RYGBP laparoscopically using 5 ports. We perform
a hand-sewn gastrojejunostomy using a modifica-
tion of Higa’s technique.®’ This ensures that the
operation is very similar to the open RYGBP, espe-
cially the creation of the very small vertically ori-
ented gastric pouch, The time-frame of this study
captured the first 21 laparoscopic RYGBP patients
for this analysis.

Vertical Banded Gastroplasty (VBG)

Exposure was obtained through an upper midline
incision. Blunt finger dissection was used to encir-
cle the cardia of the stomach at the angle of His and
the lesser curvature of the stomach approximately 2
cm distal to the gastroesophageal junction. At this
point, a 2 em window was made along the lesser
curvature of the stomach. A 28-Fr Maloney bougie
was placed along the lesser curvature of the stomach
as a guide for the placement of the EEA stapler and
for the placement of the vertical staple-lines. The
EEA device used was either Auto-Suture (United
States Surgical Corp) or the Ethicon Proximate
intraluminal stapler. Pouch size was measured in the
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first 20 patients and intermittently thereafter with a
70-cm water head of pressure and was never larger
than 30 ml.

The vertical staple-lines were made with a TA 90
instrument (United States Surgical Corp, Norwalk,
CT) with 4.8-mm staples. In all patients, at least two
applications of the stapler were made with close
approximation of the staple-lines in most. In a few
patients, a third set of staple-lines was added and in
some patients there was a separation of the staple-
lines by 1 cm of stomach wall. The staple-lines were
not reinforced with sutures. 'I'ne VBG was made
with an outlet of 40 to 45 mm external circumfer-
ence. Either a single or double layer of polypropy-
lene mesh 60 mm in length and 15 mm in width was
used to construct the band. The mesh was sutured in
place with four 3-0 polypropylene sutures at a pre-
measured length to correspond to the above circum-
ferences. A gastrostomy with a 14-Fr catheter was
routinely placed in the stomach below the gastro-
plasty and removed after 6 weeks if the patient tol-
erated oral feeds. An 18-Fr nasogastric tube was
also placed into the gastroplasty pouch for 24 hours.

Estimation of Health-Care Costs

The RAMQ database was searched for all claims for
health-care services utilized by subjects in both
cohorts for the 5-year period following the date of
entry into the study. The ICD9 codes were used to
classify the primary conditions leading to the uti-
lization of health-care services.*? Direct health-care
costs were presented in 1996 Canadian dollars. For
each subject, the total direct health-care cost was
estimated on the basis of the information in the
RAMQ database. Hospital costs included the costs
for hospital bed use, intensive care unit stay, nurs-
ing, medications, food, operating-room costs, diag-
nostic procedures including all radiology and labo-
ratory tests, disposable equipment, physician’s fees,
surgeon’s fees, anesthesiologist’s fee, preoperative
evaluation fees, dietetics consultation fees, psychi-
atric evaluation fees and all paramedical services
including physiotherapy. The costs for the bariatric
surgery and subsequent related care including the
management of complications were included in the
total cost estimates of the bariatric surgery cohort.
The RAMQ costs reflect the value of the claim and
are not necessarily equivalent to the costs for the
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services in the private sector.

The statistical significance of weight loss in the
bariatric surgery cohort was assessed using the
paired Student’s t-test and was described using the
mean change and 95% confidence intervals for the
cohort. Differences between the bariatric surgery
and control cohorts with respect to health-care costs
were assessed for statistical significance with the
Student’s t-test.

The study was submitted and approved by the
McGill University Health Centre Ethics Review
Board.

Results

Seven different surgeons affiliated with the MUHC
treated the 1,035 bariatric patients in two hospitals
over 16.4 years. One surgeon carried out half these
procedures. Table 2 describes the patient demo-
graphics of the two cohorts. There were no differ-
ences with respect to age and gender of the two
cohorts. The majority of the procedures were open
Roux-en-Y isolated gastric bypasses: 820 (79.2%),
followed by VBG: 194 (18.7%), and laparoscopic
Roux-en-Y isolated gastric bypass: 21 (2.2%).
Fifty-six per cent were in the BMI range 38-49, 32%
in the BMI range 50-59, 8% in the BMI range 60-
69, and the rest had a BMI >70 (highest 98). Thirty-
five per cent of the VBG patients were subsequently
converted to open RYGBP because of complications
which included outlet obstruction (58%), failure to
lose weight (33%) and miscellaneous reasons (9%).
There were no significant differences in age, gender
or follow-up.

The data in Table 3 describe the weight loss

Table 2. Patient Demographics

Bariatric Controls
Surgery
Number of
Subjects 1,035 5,746
Age Mean (SD) 451 (11.8) 46.7 (13.1)
(years) Median 44.8 47.0
Gender Male 356 (34.4) 2,068 (36.0)
N (%) Female 679 (65.6) 3,678 (84.0)



Table 3. Weight Loss - Bariatric Surgery Cohort

Parameter Mean SD  Min-Max
Initial Weight (ka) 1364 284 77-284
Initial BMI (kg/m?) 500 82 36-90
Ideal Body Weight (kg) 641 B4 45-114
Initial Excess Weight (kg) 724 238 29-205
Excess BMI (kg/m?) 265 7.8 12-86
Final Weight (kg) 888 229 42-199
Final BMI (kg/m?) 326 7.3 16-62
% Initial Excess Weight Loss 67.1 237 1-130
% Initial BMI Reduction 346 121 1-65
Overall Follow-up (years) 58 38 1-16

achieved in the bariatric surgery cohort. There were
significant reductions in mean percent excess
weight loss (67.1%, P<0.001) and in the percent
change in BMI (34.6%, P<0.001).

Table 4 summarizes the average total costs per
1,000 patients for the 5 years following cohort
inception. In the first year, total costs for hospital-
izations in the surgery cohort were higher by over 8
million Canadian dollars per 1,000 patients, when
compared to the controls. This difference is reversed
for the subsequent years, reaching a maximum dur-
ing the fifth year when the costs for the control
cohort were more than 4 million dollars higher on
the average for the control cohort when compared to
the bariatric cohort. After 5 years, the total cost per
1,000 patients for hospitalizations in the control
cohort was 29% higher when compared (o the
bariatric patients (Absolute Difference = 5.7 million
1996 CDN dollars in favor of weight-reduction
surgery).

Table 5 and Figures 1 and 2 demonstrate the
annual cumulative costs over the 5-year study
period. For the first 3%, the cumulative average cost
is higher for the bariatric cohort. However, in the

Impact of Bariatric Surgery on Health-care Costs

next 1% the difference in costs was in favor of the
patients who underwent surgery. After 3.5 years, the
initial investment for the weight-reduction surgery
and related hospital care was compensated by a
reduction in total costs. This corresponds to an
expected amortization period of 3.5 years of the ini-
tial investment for bariatric surgery.

Table 6 outlines the annual costs per hospitaliza-
tion per 1,000 patients by primary diagnosis of hos-
pitalization. The costs of the bariatric surgery are
included in the first year. The cost for the surgery
and admissions due to digestive system problems
were higher in the first year in the surgery cohort
when compared to controls. For all subsequent
years, these costs were higher in the controls when
compared to the surgery cohort. For all other diag-
noses, the costs in the bariatric cohort were less than
the controls for the 5-year follow-up period.

Discussion

This was an observational study utilizing a combi-
nation of hospital and provincial insurance adminis-
trative databases to assess the direct health-care
costs in morbidly obese patients treated with
bariatric surgery and matched controls that were not
treated surgically.

The direct cost of obesity is between 2 and 5% of
most developed countries’ health-care expendi-
tures.™ Tn 1995, the total cost of obesity in the USA
was estimated to be 99 billion US dollars with 52
billion dollars representing direct health costs. This
is equivalent to 5.7% of the total health costs.* If
the direct cost of physical inactivity is combined
with that of obesity, the estimated cost in the USA is
9.4% of the national health budget.*® The direct

Table 4. Average total cost per 1,000 patients for hospitalization by group, year of follow-up

Year of Follow Up Bariatric Control Absolute Difference Cost Ratio; Control/Bariatric
1 $12,461,938 $3.,609,680 $-8,852,258 0.28
2 $3,398,835 $4.,846,794 $1,447,959 1.43
3 $1,362,408 $5,831,456 $4,469,048 4.28
4 $1,318,323 $5,895,988 $4,577,666 4.47
5 §975,163 $5,080,690 $4,105,526 5.21
Total: $19,516,667 $25,264,608 $5,747,941 1.29
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Table 5. Average cumulative costs per 1,000 patients for hospitalization by group and year of follow-up

Year of Follow-Up Bariatric Control Absolute Difference Cost Ratio; Control/Bariatric
1 $12,461,938 $3,609,680 $-8,852,258 0.29
2 $15,860,773 $8,456,474 $-7,404,290 0.53
3 $17,223,181 $14,287,930 $-2,935,251 0.83
4 $18,541,503 $20,183,918 $1,642,415 1.09
5 $19,516,667 $25,264,608 $5,747,941 1.29

medical costs attributable to adult obesity in Canada
are estimated to have been $1.8 billion in 1997 or
2.4% of total direct medical costs.* The highest
cost drivers are those of managing the co-morbidi-
ties associated with obesity.’?® It is estimated that
obesity accounts for 85% of the total cost of treating
type II diabetes and 45% of the cost of treating
hypertension.

Medical interventions for weight loss in severely
obese patients are ineffective,** In 1991, an NIH
consensus conference reviewed the long-term data
on safety and efficacy of medical and surgical
weight loss therapies and concluded that surgical
therapy should be offered to morbidly or severely
obese patients who are unresponsive to non-surgical
therapy.* In 2000, the NIH published evidence-
based guidelines stating that surgical therapy should
be offered to obese patients (BMI >35) who have
experienced obesity-related co-morbidities.

Narbro et al*’ compared the pharmaceutical costs
in a group of 510 obese individuals who underwent
weight-reduction surgery to a group of 455 ran-
domly selected obese individuals who did not
undergo weight-reduction surgery for 6 years fol-
lowing surgery. She found that surgery lowered the
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Figure 1. Average cumulative costs per 1,000 patients for
hospitalization by group and year of follow-up.
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usage and costs of diabetes and cardiovascular med-
ications, but was associated with increased costs for
other medications including gastrointestinal, anemia
and vitamin deficiency medications. This resulted in
similar total overall medication costs for both
groups. Potteiger et al** found a 77.3% reduction in
total cost of diabetic and antihypertensive medica-
tions with surgically induced weight loss (RYGBP).
We found that when compared to a cohort of
matched controls, the patients having undergone
bariatric surgery had significantly reduced total
direct health-care costs. This finding is significant
from a societal and health-economic point of view,
because the health-care services and costs associ-
ated with surgery were included in the total costs for
the bariatric surgery patients. These results have
shown that on the average, the total direct health-
care costs for managing a morbidly obese patient
may be reduced by 29% within 5 years following
surgery. In absolute terms, this is equivalent to a
total reduction of approximately CDN $5,700 in
direct health-care costs per patient. The total benefit
would be greater if indirect costs were considered.
The strengths of the current study are related to
the design and the selection of the cohorts. The
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Figure 2, Average cumulative costs per 1,000 patients for
years of follow-up: Controls minus surgery patients.
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able 6. Average costs per 1,000 patients for hospitalization by primary diagnosis, group and year of follow-up
Bariatric | Control | Bariatric | Control lEaﬂalﬂc Control | Barlatric | Control | Barlalric | Control

[Bariatric Surgery| $&71 — 30 W 5 % % ® £
Hemalological $2728] 1,532 84,851 $2287 90| 5,743 0| $5360| §2126] 4,505
Cancer $128,357| 5226580 9148095 $312,508) $96,208) 707,48 56,477| §677,891| 946,208 $457,785)
Digestive $1.340,083| §251525) 51,921,247 §260,674| $519,471| 9625009 ‘
Cardiovascular pBE5,B72| $1,767,764] $477,076 © ,mjsr‘m 1,748,264 §425,566 $1,104,46 m
Endocrinological | $302458  $120,082  $270,620)  $107,527| $71,635| §288,172| §58 263,800  §83675  $197,850
Genlto-urinary 5216,155 }361,183]  §282,745| $407,574| 567,38 §17,8 -m {554,320 59, SI 585,080
Infections P347,588 274,675 $437,290| $04D,402] 967,275  §604,765| $123,338
lmm 130,788 30,641 $101,084|  $135,764 mw 541,614
Nervous System | $164,754| $279,022|  $104,754)  $281,00¢ W §65,901
W §107,374 $58,022 5130,383 207 53,687 0,188 530,678,
|::me? ‘02-099 568,086 115,508 3 07,385 §14,588 TORE

n §16,333] 7,045 812, 55,884 3,880 16251 $4867| §i9894]  s0| o444
Total: ’ .9as1 .ano.soo‘ 35| $4,846,794| 51,362, . B31,456| 51,318, W

exclusion of patients with a history of the ascer-
tained outcomes allows the estimation of the true
incidence and removes potential selection bias and
confounding. Matching the cases and controls with
respect to age, gender and duration of disease, fur-
ther reduces the possibility of confounding from
these factors, because both are potentially associ-
ated with increased health-care utilization and costs.
The random selection of controls from an adminis-
trative database reduces selection bias and bias by
indication that would have been introduced if hospi-
tal-based controls were used.

In conclusion, weight reduction surgery in this
cohort of Canadian patients is associated with a net
reduction of more than 5.7 million Canadian dollars
for health-related hospitalizations per 1,000 patients
treated, within 5 years after surgery. Weight-reduc-
tion surgery appears to be cost minimizing over the
long-term, and further reductions in costs over
longer periods of follow-up could be expected.
Although more extensive risk-benefit assessments
may be useful in providing more detailed data
regarding the impact of bariatric surgery, the current
study has produced evidence supporting the imple-
mentation of weight-reduction surgery in the man-
agement of the morbidly obese patient from a
health-economic perspective.

This study was supported financially by Ethicon Endo-Surgery
Inc., a Johnson and Johnson Company, and by JSS Medical
Research Inc.

References

1. WHO. The health benefits and risks of weight loss.
Obesity: Preventing and managing the global epi-
demic. Geneva, WHO, 1998;73-82.

2. WHO. Obesity: preventing and managing the global
epidemic. Report of a WHO consultation. World
Health Organ Tech Rep Ser 2000;894:1-253,

3. Allison DB, Fontaine KR, Manson JE et al. Annual
deaths attributable to obesity in the United States.
JAMA 1999, 282: 1530-8.

4. Lew EA, Garfinkel L. Variations in mortality by
weight among 750,000 men and women. J Chronic
Dis 1979; 32: 563-76.

5. Kral JG. Morbidity of severe obesity. Surg Clin North
Am 2001; 81: 1039-61.

6. Sherwood NE, Story M. Obesity: A public health per-
spective. Clin Fam Prac 2002; 4: 469-72.

7. Barofsky I, Fontaine KR, Cheskin LJ, Pain in the
obese: impact on health-related quality-of-life. Ann
Behav Med 1998; 19: 408-10.

Obesity Surgery, 14, 2004 945



Sampalis et al

8. Han TS, Tijhuis MA, Lean ME et al. Quality of life in
relation to overweight and body fat distribution. Am J
Public Health 1998; 88: 1814-20.

9. Pories W], Swanson MS, MacDonald KG et al, Who
would have thought it? An operation proves to be the
most effective therapy for adult-onset diabetes melli-
tus. Ann Surg 1995; 222: 339-50; discussion 350-2.

10.Stevens J, Cai J, Pamuk ER et al. The effect of age on
the association between body-mass index and mortal-
ity. N Engl J Med 1998; 338: 1-7,

11.Herbst CA, Hughes TA, Gwynne JT et al. Gastric
bariatric operation in insulin-treated adults, Surgery
1984; 95: 209-14,

12.Gleysteen JJ, Barboriak JJ, Sasse EA. Sustained coro-
nary-risk factor reduction after gastric bypass for
morbid obesity. Am J Clin Nutr 1990; 51: 774-8.

13.MacDonald KG, Long SD, Swanson MS et al. The
gastric bypass operation reduces the progression and
mortality of NIDDM. J Gastrointest Surg 1997; 1:
213-20.

14.Sugerman HJ, Fairman RP, Baron PL et al. Gastric
surgery for respiratory insufficiency of obesity, _Chest
1986; 90: 81-6.

15.Himes CL. Obesity, disease, and functional limitation
in later life. Demography 2000; 37: 73-82.

16.0"Brien PB, Dixon JB, Brown W et al, The laparo-
scopic adjustable gastric band (Lap-Band®): a
prospective study of medium term effects on weight,
health and quality of life. Obes Surg 2002; 12: 652-
60.

17.MacDonald KG, Swanson MS, Cunningham P et al.
The gastric bypass: 16 year follow-up, Obes Surg
1999; 9: 124 (abst 6).

18.Linner JH. Comparative effectiveness of of gastric
bypass and gastroplasty. A clinical study. Arch Surg
1982; 117; 695-700,

19.Albert M, Spanos C, Shikora S. Morbid obesity: the
value of surgical intervention. Clin Fam Prac 2002: 4:
447,

20.MacLean LD, Rhode BM, Sampalis J et al. Results of
the surgical treatment of obesity. Am J Surg 1993;

Intern Med 1999; 159; 2177-83.

24. Wolf AM, Colditz GA. Social and economic effects of
body weight in the United States. Am J Clin Nutr
1996; 63: 4668.

25.Finkelstein MM. Obesity, cigarette smoking and the
cost of physicians’ services in Ontario. Can J Public
Health 2001; 92: 437-40.

26.Krott MA, Langley PC, Cox ER. A review of cost-of-
illness studies on obesity. Clin Ther 1998; 40: 772-9,

27.Wang G, Zheng ZJ, Heath G et al. Economic burden
of cardiovascular disease associated with excess body
weight in U.S. adults. Am J Prev Med 2002; 23: 1-6.

28.Sturm R. The effects of obesity, smoking, and drink-
ing on medical problems and costs. Health Aff 2002;
21: 245-53,

29.0ster G, Thompson D, Edelsberg J et al. Lifetime
health and economic benefits of weight loss among
obese persons. Am J Public Health 1999; 89: 1536-42.

30.Deitel M, Greenstein RJ. Recommendations for
reporting weight loss. Obes Surg 2003; 13: 159-60.

31.Higa KD, Boone KB, Ho T et al. Laparoscopic Roux-
en-Y gastric bypass for morbid obesity: technique and
preliminary results of our first 400 patients. Arch Surg
2000; 135: 1029-33.

32.ICD-9-CM Official Guidelines for Coding and
Reporting. Coding Clinic for ICD-9-CM 2002; 19:
21-71.

33.Levy E, Levy P, Le Pen C et al. The economic cost of
obesity: the French situation. Int J Obes 1995; 19:
788-92,

34.Wolf AM, Colditz GA. Current estimates of the eco-
nomic cost of obesity in the United States. Obes Res
1998; 6: 97-106,

35.Colditz GA. Economic costs of obesity and inactivity.
Med Sci Sports Exerc 1999; 31 (Suppl 11): S663-
S667,

36.Birmingham CL, Muller JL, Palepu A et al, The cost
of obesity in Canada. CMAJ 1999; 160: 483-8.

37.Swinburn B, Ashton T, Gillespie J et al. Health care
costs of obesity in New Zealand. Int J Obes 1997: 21:
891-6.

165; 155-62.

21.National Institutes of Health. Very low-calorie diets.
National Task Force on the prevention and treatment
of obesity. JAMA 1993; 270; 967-74.

22. Thompson D, Wolf AM. The medical-care cost bur-
den of obesity. Obes Rev 2001; 2: 189-97.

23.Thompson D, Edelsberg J, Colditz GA et al, Lifetime
health and economic consequences of obesity. Arch

946 Obesiry Surgery, 14, 2004

38. Wolf AM, What is the economic case for treating obe-
sity? Obes Res 1998; 6 (Suppl 1): 28-78.

39.O0ster G, O'Sullivan A, Edelsberg J et al. The clinical
and economic cost of obesity in a managed care set-
ting. Am J Manag Care 2000; 6: 681-9.

40.Fisher BL, Schauer P. Medical and surgical options in
the treatment of severe obesity. Am J Surg 2002; 184:
S9.




41.Berke EM, Morden NE, Medical management of obe-
sity. Am Fam Physician 2000; 62: 419-26,

42 National Institutes of Health. Gastrointestinal surgery
for severe obesity: National Institutes of Health
Consensus Development Conference Statement. Am J
Clin Nutr 1992; 55 (Suppl 2): S582-S585.

43.Weintraub M. Long-term weight control study con-
clusions. Clin Pharmacol Ther 1992; 51; 642-6.

44, Albert M. Morbid obesity: the value of surgical inter-
vention. Clin Fam Pract 2002; 4: 447-51.

45. Gastrointestinal surgery for severe obesity, National
Institutes of Health Consensus Development
Conference Draft Statement. Obes Surg 1991; 1: 257-
66.

Impact of Bariatric Surgery on Health-care Costs

46.The Practical Guideline: Identification, Evaluation
and Treatment of Overweight and Obesity in Adults,
Bethesda, MD: National Institutes of Health, National
Heart, Lung, and Blood Institute, and North American
Association for the Study of Obesity; 2000. NIH
Publication 00-4084.

47.Narbro K, Agren G, Jonsson E et al. Pharmaceutical
costs in obese individuals. Arch Intern Med 2002;

48.Potteiger CE, Prokash RP, Inverso NA et al. Bariatric
surgery: shedding the monetary weight of prescription
cost in the managed care arena. Obes Surg 2004; 14:
725-30,

(Received June 2, 2004; accepted June 25, 2004)

Obesity Surgery, 14, 2004 947



STUDY ON ECONOMIC IMPACT OF
BARIATRIC SURGERY



POLICY
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increased steadily to reach one third of the US adult popula-

tion.' More alarming yet, the trend in morbid obesity out-
paces that of nonmorbid obesity. From 2000 through 2005, the US
obesity rate increased by 24%, while the rate of morbid obesity (body
mass index [BMI], calculated as weight in kilograms divided by height
in meters squared 240) grew by 50%, and the rate of patients with a
BMI exceeding 50 grew by 75%.2" This trend in morbid obesity results
in increased healthcare utilization and costs, as healthcare costs for the
morbidly obese are 81% above those for the nonobese population and
47% above costs for the non-morbidly obese population.*

Morbid obesity is associated with a myriad of serious comorbid con-
ditions, including hypertension, type 2 diabetes mellitus, dyslipidemia,
osteoarthritis, and gallbladder disease.*’ Bariarric surgery has been dem-
onstrated to be an effective weight-loss alternative for the morbidly
obese™" and is associated with marked resolution of comorbidities,” Oth-
er studies'""? have found similar results, with reductions in morbidity,
cardiovascular risk, healthcare utilization, and costs in bariatric surgery
patients compared with control subjects. Although most of the current
literature examines health benefits associated with bariatric surgery,'*
studies have also documented quality-of-life improvements,'*'® length-
of-life increases,™" and reduced work loss™ associated with bariatric
surgery.

Despite the extensive literature on the clinical effects of bariatric sur-
gery, little research has been published on the economic impact of the
procedure. This represents a growing gap in the literature as the clinical
outcomes become better known and the procedure becomes more com-
monplace (>170,000 surgical procedures in 2005), while its economic
costs or benefits remain unclear.”” The present analysis is unique in its
use of actual patient-level cost data for 3651 patients who underwent the
procedure. The resulting return on investment is calculated based on up
to 5 years of postoperative cost data.

This study quantifies the effect of bariatric surgery on direct medical
costs. We focus on the time required for third-party payers to recover the
initial investment associated with bariatric surgery (ie, the return on in-

Thc prevalence of obesity among the US adult population has

vestment).* Using the Ingenix private | : e
insurer claims database and a matched - :
o Site Ienure cohort method and focusing only on
WJ;%:}::“;&P::"‘”W costs incurred and saved by the pri-
Full text and PDF vate insurer, we build on findings of a
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previous study?® that suggested a Y-year period to recoup the
cost of bariatric surgery. We further examine changes in re-
turh on investment over time as bariatric surgery techniques
have imptoved and focus on laparoscopic surgery outcomes.?
This analysis should help evaluate the cost-benefit implica-
tions of bariatric surgery.

PSS WU LRI L

METHODS

Data

We used a privately insured administrative claims data-
base containing medical and drug claims from 1999 through
2005 covering more than 5 million lives from 31 large com-
panies that provided extensive health insurance coverage,
including mental health. These companies have operations
nationwide in a broad array of industries and job classifica-
tions (eg, financial services, manufacturing, telecommuni-
cations, energy, and food and beverage). The data contain
deidentified information on patients’ demographics (eg, age
and sex) and monthly enrollment history, as well as medi-
cal and pharmacy claims. Specifically, patients utilization of
medical services is recorded with the date of service, place
of service, associated diagnoses, performed procedures, billed
charges, and actual amount of payments. Patients' pharmacy
claims contain prescribed medications identified by Narional
Drug Code, the date a prescription was filled, days of supply,
quantity, and actual payment amount. The study sample for
this analysis included claimants having a diagnosis of morbid
obesity (International Classification of Diseases, Ninth Revision,
Clinical Modification code 278.01). Patients 18 years or older
who underwent bariatric surgery were identified using Health
Care Financing Administration Common Procedural Cod-
ing System and Ciwrvent Procedural Terminology codes 43644,
43645, 43842, 43843, 43845, 43846, 43847, S2085, 52082,
and S2083. Of these procedures, 73% were gastric restrictions
with bypass (codes 43845, 43846, and 43847), 11% were
gastric restrictions without bypass (codes 43842 and 43843),
12% were laparoscopic surgical procedures with bypass (codes
43644, 43645, and S2085), and 4% were laparoscopic surgical
procedures without bypass {(codes 52082 and 52083).

Analysis

The initial date of bariatric surgery was defined as the in-
dex date for the relevant patient, as well as his or her control.
All claimants in the study sample were required to have at
least 6 months of continuous enrollment before the index
date and 1 month following the index date.

Because patients with a morbid obesity claim may be sick-
er, on average, than patients with no such claim recorded,
surgery-eligible controls (morbidly obese patients with no

bariatric surgery procedure code) were matched to bariatric
surgery patients based on age proup, sex, state of residence,
comorbidities, and 5-month presurgery direct costs (months
=6 o -2, excluding month -1 immediately before surgery,
which is often characterized by increased costs assaciated with
preparation for surgery). Each bariatric surgery patient was
matched to a specific control drawn from the morbidly obese
control population that never underwent bariatric surgery.

For each bariatric surgery patient, a control was considered

a match if (1) the control's age was within the same 10-year
age range as that of the bariatric surgery patient, (2) the con-
trol was of the same sex, (3) the control resided in the same
state as the bariatric surgery patient, (4) the control had the
same 10 comorbidities as the bariatric surgery patient (Table
1), and (5) the conirol's healthcare costs fell wichin 1 SD of
the cumulative costs (during months =6 to <) incurred by
the bariatric surgery patient. The matching of bariatric sur-
gery patients with their controls is performed based on 10
comorbidities, although findings in a review of the existing
literature™ and the guidelines of the American Saciety for
Bariatric Surgery™ suggest that 18 comorbidities could cause
imbalance between the 2 samples. However, not every patient
could be matched on the demographics and on all 18 comor-
bidities because patients with the corresponding combination
of comorbidities may not be observed in the control group.
Hence, patients were matched to controls using a subset of
the following 10 comorbidities: asthma, coronary artery dis-
ease, diabetes mellitus, dyslipidemia, gallstones, gastroesopha-
geal reflux, hypertension, nonalcoholic steatohepatitis or
nonalcoholic fatty liver disease, sleep apnea, and urinary in-
continence. Multivariate analysis was used to account for the
remaining 8 comorbidities, thereby addressing any remaining
imbalance across matched samples. These 8 comorbidities are
breast cancer, congestive heart failure, lymphedema, major
depression, osteoarthriris, polycystic ovary syndrome, pseudo-
tumor cerebri, and venous stasis or leg ulcers.

Because calculating a return on investment requires a com-
parison of costs for the bariatric surgery and control patients
during multiple years, 2 adjustments were made. First, costs
were inflation adjusted to 2005 US dollars using the Consum-
er Price Index for Medical Care because a dollar spent today
would purchase more goods and services than a dollar spent in
2 years (as long as inflation is positive). Second, cost savings
were discounted by a 3,07% interest rate, the mean return on
a 3-month Treasury bill, because a dollar saved today would,
if invested in a risk-free Treasury bill, be worth more than a
dollar in 2 years (roughly $1.06 at the stated rate). However,
the shorter the time horizon to recoup costs, the less effect
discounting will have on the estimated retum on investment.
The multivariate analysis modeled normalized monthly costs

52

® Www.ajmc.com

SEPTEMBER 2008



as a function of bariatric surgery in-
teracting with discrete indicators of
time from surgery. A positive coef-
ficient indicates that costs incurred
by the bariatric surgery patients are
higher; a negative coefficient indi-
cates that costs are lower relative to
their controls. Therefore, positive
coefficients indicate incremental
third-party payer costs associated
with bariatric surgery (the “invest-
ment"), and negative coefficients
indicate savings from bariatric
surgery (the “retun”). The return
on investment calculations com-
bine these estimates to determine
the number of months necessary
for cumulative savings associated
with improved comorbidity out-
comes following surgery to cover
the initial investments. The point
estimates are reported with 95%
confidence intervals (Cls). Indi-
cator variables in 6-month incre-
ments are included to allow for
nonlinear savings. In addition to
the indicator variables, the mul-
tivariate model controlled for age
and the 8 comorbidities already
mentioned. The comorbidities
were tracked at 3-month intervals
to record changes in prevalence.
Healthcare costs cannot be
negative, rendering ordinary least
squares analysis biased and ineffi-
cient.” Therefore, we estimated a
maximum likelihood Tobit model
with a cluster option to account
for panel-level heterogeneity® to
reflect the truncated normal distri-
bution. A sensitivity analysis was
conducted using an interval mod-
el, which yielded similar results.
We calculated the cost differen-
tial by estimating the model on
the pooled population (patients
and controls) and using the coef-
ficient on the variable interacting
bariatric surgery with the relevant
time period. Based on this coeffi-

The Economic Effects of Bariatric Surgery

H Table 1. Baseline Characteristics of Bariatric Surgery Patients and Matched

Surgery-eligible Control Subjects

Baseline Characteristic®

————

Demographics
Age at index date, mean, y
Female sex, %
Age group, y, %
18-30
31-40
41-50
5164
Year of index date, %
1999
2000
2001
2002
2003
2004
2006
Comorbidity profile, %
Matched comorbidity
Asthma
Coronary artery disease
Diabetes mellitus
Dyslipidemia
Gallstones
(Gastroasophageal reflux
Hypertansion

Nonalcoholic steatohepatitis or
nonalcoholic fatty liver dissase

Sleep apnes

Urinary incontingnce
Nonmatched comorbidity

Breast cancer

Congestive heart failure

Lymphedema

Major depression

Osteoarthritis

Polycystic ovary syndrome
' Pseudoiumor cerabri

Venous stasis or leg ulcers

i S T U

Bariati
438 441
86.0 86.0
m 1
270 270
322 322
29.7 29.7
056 056
24 24
82 82
183 183
291 291
212 212
203 203
39 39

1.8 19
18.4 184
19.0 18.0
08 09
87 9.7
370 370
04 0.4
135 135
0.1 041
05 0.8
1.0 13
03 03
65 5.6°
8.7 73
1.0 08
03 0.2
0.1 01
Continued)

.
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E Table 1. Baseline Characteristics of Bariatric Surgery Patients and Matched

Surgery-eligible Control Subjects (Continued)

female (86%), with 2 mean age
of 44 years. More than one third

Bariatric Surgery-eligible of the sample had hypertension,

Surgery Patients  Control Subjects and close to 20% had dyslipi-

Aa"’“'" m'"‘wc. Sl Ve , ln '? 651) il (':-_3“ i demia or diabetes mellitus. Major
" Healthcare service utilization, % depression and osteoarthritis are
Inpatiant visit 45 49 ~ the only 2 comorbidities with
Emergency department visit 108 12.4% statistically different prevalences
Outpatient hospital visit 5B.0 45.8° across groups. Both comorbidities
Office visit 935 84.0° are included as control variables
Healthcare costs, mean (SD), § in the multivarise analysis. Both
: study groups have similar prescrip-

Presciiptior) g gen el e tion drug costs. Bariatric surgery
Medical service 1775 (2555) 1480 (2510 patients have somewhat higher
. PUTIDI S |. ( (2797F baseline medical service costs
"Baseline dmcnﬂsﬂa are measured during the praindex pmod except for healthcare (20%) and total healthcare costs
m&:zk%m Mbmmﬁm‘mmmﬂv.;mbmgw (14%). The absence of any sta-

it eonudwhim the index date is the same as that of the matched patient. Bariatric
o tr 2 ) Sk s s i e o 0ot
) ¥ m 5,
mmmnz;on. nonﬂwhoic steatohepatitis or nonalcoholic fatty liver disease, slesp apnaa,

gnd uninary ini
P <06,
Pet.

cient, a return on investment is calculated by offsetting the
initial bariatric investment against incremental cost savings
for bariatric surgery patients following surgery.

Owerall results across all bariatric surgical procedures are
reported using the complete time series available from 1999
through 2005. For open surgical procedures, results are further
reported separately for patients who received their surgical
procedure from 1999 through 2002 and for patients who re-
ceived their surgical procedure from 2003 through 2005. This
tests our clinical experience of shorter lengths of stay and im-
proved outcomes associated in part with the development of
centers of excellence in the later years, which may in turn
ghorten the estimated return on investment relative to the
earlier period. This approach cannot be used for laparoscopic
surgery because a code specific to that type of surgery did not
exist until 2004. Hence, we report results for patients who
underwent laparoscopic surgery from 2004 through 2005 sepa-
rately. All estimations were performed using staristical soft-
ware (Intercooled STATA 9.2 [StataCorp LP, College Station,
Texas] and SAS 9.1 [SAS Institute, Cary, North Carolinal).

RESULTS

Table 1 compares bariatric surgery patients and their con-
trols at baseline after matching on age group, sex, costs, state of
residence, and 10 comorbidities. The sample is predominantly

tistically significant difference in
weight-loss medication use or in
visits to nutritionists suggests that
these differences are not driven by
differences in presurgery reimburs-
able weight-loss efforts. Patients
were observed for 6 months before
surgery and for a mean of 17 months and 18 months following
the index date for the bariatric surgery group and the control
group, respectively.

Multivariate regression analysis results summarized in
Table 2 demonstrate total incremental coses of approximately
$24,500 for all types of bariatric surgery combined, $26,000
for apen surgery, and $17,000 for laparoscopic surgery during
the period from 1 month before surgery to 2 months follow-
ing surgery. The total incremental cost is the sum of costs
incurred in the month before the surgery, costs incurred in
surgery, and costs incurred in the first 2 months following
surgery. Starting at month 3, cost savings associated with the
bariatric surgery patients start accruing, One and a half years
after surgery, monthly savings associated with bariatric sur-
gery reach more than $500 for the whole sample and $400
(1999-2002) to $600 (2003-2005) for open surgery depend-
ing on the period (P <.01). Monthly savings associated with
laparoscopic bariatric surgery reach more than $900 as early
as 13 months following surgery (P <.01). The Figure shows
the estimated return on investment for the 4 models given in
Table 2. Based on the data available and on an assumption of
constant savings after 19 months, we find that (for the com-
bined sample) total surgery costs are fully recovered after 53
months (95% Cl, ~42 to 64 months). Costs of apen surgery
performed between 1999 and 2002 are fully recovered after 77
months (95% CI, ~48 to 106 months), and, as expected, costs
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B Table 2. Multivariate Regression Analysis of Total Monthly Costs of Bariatric Surgery (Dependent Variable
MinusTotal Monthly Costs) Estimated Using a Tobit Model®

Total Opan Sm\gorv h'p“ch-Sumry
_ Variable A PEA tnsﬁ‘m =042

Presurgery, §

Months -6 to -2 148,04° -84.99 27451 312.87>

Month before surgery 1815.04° 1814.84% 1971,7¢° 1278.98°

Time of surgery 19,118.01% 20,325,768 19,800.61° 14,468,500
Postsurgery, §

Months 1 to 2 1799,78° 2170,61° 1881.62° #9.40°

Months 3 to 6 —49.4° 176.50 ~145.16 -161.27

Meonths 7 to 12 ~272 85" 1376 ~402.77* 496 55°

Months 13 to 18 ~436.67° ~207.14% -53707° -%06.23%

Months 19 and longer -544 ggb -590.68" =
No. of oburvmom 221 483 106.638
nmmhmmmr. ,,,z eart failure; wm najor depres 2
mon«mndimammmm uﬂmswm

e e v\. '. . e 2 4y
pnrfnchm;ln:vm nunmm'mo ‘data past 19 mommwu niyn&ﬁm ditferent mmm with mmn Pyges were
B e

‘P<05.

M Figure. Return on Investment for Bariatric Surgery by Types of Surgery and Different Periods

120 —
106
100 -
B
3
s
. —4 =
5 » .7
E
g
§ wf o
0"
= 53
i£ 48 4
f 40 + 42
S s 34
(-]
20 -
16
0 e
24,533 26,482 25,636 17,466
Total Open Surgery Open Surgery Laparoscopic Sumgery
1999-2005 1999-2002 2003-2005 2004-2005
Cost of Surgery, $
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Take-away Points

The rate of bariatric surgery use has incressed In the past decade to more than 170,000 surgl-

cal procedures per ysar in the United States.

u The initial investment for bariatric surgety ls approximately $26,000 for open surgery and

$17,000 for laparoscopic surgery.

® After taking inte account age, sex, and comorbidities, the initial investment is returned
within 4 years for patients who undergo open surgery and within 2 years for patients who

undergo laparoscopic surgary.

® Evenignoring mmamwmmnmnmar-m benefits, as well as disability and

work loss, third-party ; ean rely on baristric surgery paying for itself through decreased
omorbidities within 2 to 4 years.

of open surgery performed between 2003 and 2005 are re-
covered after 49 months (95% Cl, =35 to 63 months). Costs
associated with laparoscopic surgery are fully recovered after
25 months (95% Cl, -16 to 34 months). These returns on
invescment result from reductions in prescription drug costs,
physician visit costs, and hospital costs {including emergency
department visits and inpatient and outpatient visits). The
reduced costs are associated with multiple major diagnosis
categories, including diabetes mellitus, coronary artery dis-
ease, hypertension, and sleep apnea.

g VT T AT 2 ST

B T e e
DISCUSSION
Bariatric surgery is an effective treatment for morbid
obesity. However, payer coverage for these procedures has
lagged because of cost concerns. This analysis demonstrates
that payers can expect significant cost savings to Start ac-
cruing after 25 months for patients undergoing laparoscopic
bariatric surgery. The study also shows that, while bariatric
surgery costs took more than 6 years to be fully recovered
as recently as 2002, this interval has been reduced to just
over 2 years in 2005 for laparoscopic bariatric surgery. These
improvements in return on investment can be attributed to
surgical experience, improved technology, and dedicated
facilities? Although striking, the short return on invest-
ment associated with bariatric surgery is consistent with the
well-demonstrated immediate and long-lasting decrease in
a myriad of comorbid conditions, including, for example,
diabetes mellitus, coronary artery disease, hypertension, and
sleep apnea.!-** The cost reductions observed in this analy-
sis mireor the comorbidity reductions in these disease areas
in terms of prescription drug use, hospital visits, and physi-
cian visits. Although no systematic data have yet been pub-
lished to our knowledge, the growing prevalence of “centers
of excellence” may also have contributed to this downward
wend in costs through improved outcomes and follow-up.™
We have not examined the cause of the cost advantage as-
sociated with laparoscopic bariatric surgery. Qur experiences

AR e i A A

as laparoscopic (SAS) and open
(HB) surgeons suggest that it may
result from open procedures’ being
disproportionately performed in the
carlier years. At centers performing
open and laparoscopic bariatric sur-
gery, patients with higher BMIs and
higher comorbidity rates may also be
more likely to undergo open surgery.”
Alternatively, at centers performing
laparoscopic bariatric surgery on all
morbidly obese patients irrespective
of BMI, the lower cost associated with laparoscopic surgery
may be the result of reduced trauma, shorter length of stay,
or lower levels of wound complications.®

Any increases in copayment beyond those incurred by pa-
tients in our data (75% of patients had no copayment) would
further shorten the period necessary for payers to fully recover
their costs. For example, a 25% patient copayment on claims
reimbursed would reduce the estimated return on investment
period for full recovery from 49 months to approximately 32
months for open surgery and from 25 months foapproximate-
ly 18 months for laparoscopic surgery. These recovery periods
ignore the quality-of-life benefits and reduced work Joss asso-
ciated with weight loss resulting from bariatric surgery.'*'

To our knowledge, only 1 other study has assessed the
economic benefits of bariatric surgery. In a simulation study,
Finkelstein and Brown™ reported that a 5- to 10-year period
was necessary to fully recover costs associated with bariatric
surgery. Using real data, our study documents improvement
in results relative to the simulation conducted by Finkelstein
and Brown. They relied on survey data (2000-2001 Medical
Expenditure Panel Survey) to estimate savings; our analysis
relies on actual claims records during a 6-year period. Our
analysis omits absenteeism costs, while Finkelstein and Brown
assumed reduced absenteeism for bariatric surgery patients.
Furthermore, the costs of bariatric surgery were assumed by
Finkelstein and Brown based on prior literature, whereas we
estimated these costs directly from recorded claims. Similarly,
reduced costs associated with surgery are calculated directly
from claims rather than estimated from various assumptions
about surgery-associated weight loss. Despite these significant
methodological differences, our estimate of 4 to 9 years for
full cost recovery in the early period berween 1999 and 2002
is consistent with the 9 years estimated by Finkelstein and
Brown.

This study is based on a large insurance claims database
that includes derailed information on costs and comorbidi-
ties. However, BMI (a potentially useful messure of bariatric
surgery eligibility and outcomes) is unavailable. Although
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this is a limitation of our analysis, surgery-eligible controls
were matched to bariatric surgery patients along multiple
demographic factors and 18 comorbidities that are likely to
be correlated with BML. Most important, the bariatric surgery
patients and the surgery-eligible controls were diagnosed as
having morbid obesity, which requires the patient to have a
BMI of 40 or higher. The reliability of the cost-savings esti-
mates in our analyses depends in part on the accuracy of our
matching process. We matched the bariatric surgery patients
with their respective controls on multiple baseline characrer-
istics, including age, sex, total presurgery medical costs, and
up to 10 comorbid conditions. We imposed the strict crite-
rion of an exact match on the comorbidities but also con-
firmed our findings using propensity score matching. We find
that the exact match results in a more balanced sample of pa-
tients and controls, although it is limited to 10 comorbidities
rather than 18 comorbidities selected. Conurolling for the 8
nonmatched comorbidities through regression analysis yields
similar results, suggesting that few imbalances remain in the
sample. Nevertheless, unobserved characteristics unrelated
to baseline costs, age, sex, and the selected comorbidities may
influence the decision for surgery, introducing a potential bias
in the analysis.

Another limitation of our analysis is that the sample of pa-
tients observed shrinks as the period elapsed since the index
date increases. In particular, the breakeven point estimated
for open surgery is dependent on the assumption of constant
cost savings from month 19 onward, while the average pa-
tient is observed for 17 months. As a result, the Cls estimated
around the point estimates widen as the sample size of ob-
served patients decreases over time. Further research based
on data during longer periods would be useful to assess the
longer-term bariatric surgery return on investment and to
confirm the cost savings. Nevertheless, this analysis presents
new evidence about the return on investment associated with
baﬁatricsmgervduringapostmrgeryperiodofl to 5 years
depending on the date and type of bariatric surgery. Further
researchonthereunnoninvesmmtford\emhgrwpd
patients with diabetes mellitus might be a useful avenue of
research given recent clinical findings for that subset of the
pow|mi°n_ﬂ-lv.l0
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Bariatric Surgery Misconceptions | ASMBS

Misconception: Most people who have metaholic and hariatric surgery regain their weight.
Truth:

As many as 50 percent of patients may regain a small amount of weight (approximately 5 percent) two years or more following thelr surgery.
However, longitudinal studies find that most bariatric surgery patients maintain successful welght-loss long-term. ‘Successful’ weight-loss is
arbitrarily defined as weight-loss equal to or greater than 50 percent of excess body weight. Often, successful results are determined by the
patient, by their perceived Improvement in quality of life. In such cases, the total retained weight-loss may be more, or less, than this arbitrary
definition. Such massive and sustained weight reduction with surgery is in sharp contrast to the experience most patients have previously had
with non-surgical therapies.

Misconception: The chance of dying from metabolic and bariatric surgery is more than the chance of dying
from obesity.

Truth:

As your body size increases, longevity decreases. Individuals with severe obesity have a number of life-threatening conditions that greatly
increase their risk of dying, such as type 2 diabetes, hypertension and more. Data involving nearly 60,000 bariatric patients from ASMBS
Bariatric Centers of Excellence database show that the risk of death within the 30 days following bariatric surgery averages 0.13 percent, or
approximately one out of 1,000 patients. This rate is considerably less than most other operations, including gallbladder and hip replacement
surgery. Therefore, in spite of the poor health status of bariatric patients prior to surgery, the chance of dying from the operation is
exceptionally low. Large studies find that the risk of death from any cause is considerably less for bariatric patients throughout time than for
individuals affected by severe obesity who have never had the surgery. In fact, the data show up to an 89 percent reduction in mortality, as
well as highly significant decreases in mortality rates due to specific diseases. Cancer mortality, for instance, is reduced by 60 percent for
bariatric patients. Death in association with diabetes Is reduced by more than 90 percent and that from heart disease by more than 50
percent. Also, there are numerous studies that have found improvement or resolution of life-threatening obesity-related diseases following
bariatric surgery. The benefits of bariatric surgery, with regard to mortality, far outweigh the risks. It is important to note that as with any
serlous surgical operation, the decision to have bariatric surgery should be discussed with your surgeon, family members and loved ones.

Misconception: Surgery is a ‘cop-out'. To lose and maintain weight, individuals affected by severe obesity
just need to go on a diet and exercise program.

Truth:

Individuals affected by severe obesity are resistant to long-term weight-loss by diet and exercise. The National Institutes of Health Experts
Panel recognize that 'long-term' weight-loss, or in other words, the ability to ‘maintain’ welght-loss, is nearly impossible for those affected by
severe obesity by any means other than metabolic and bariatric surgery. Barlatric surgeries are effective in maintaining long:term weight-loss,
in part, because these procedures offset certain conditions caused by dieting that are responsible for rapid and efficient weight regain
following dieting. When a person loses weight, energy expenditure (the amount of calorles the body burns) is reduced. With diet, energy
expenditure at rest and with activity is reduced to a greater extent than can be explained by changes in body size or compasition (amount of
lean and fat tissue). At the same time, appetite regulation is altered following & diet increasing hunger and the desire to eat, Therefore, there
are significant biological differences between someone who has lost weight by diet and someone of the same size and body composition to
that of an individual who has never lost weight. For example, the body of the individual who reduces their weight from 200 to 170 pounds
burns fewer calories than the body of someone weighing 170 pounds and has never been on a diet. This means that, in order to maintain
welght-loss, the person who has been on a diet will have to eat fewer calories than someone who naturally weighs the same. In contrast to diet,
weight-loss following bariatric surgery does not reduce energy expenditure or the amount of calories the body burns to levels greater than
predicted by changes in body weight and composition. In fact, some studies even find that certain operations even may increase energy
expenditure. In addition, some bariatric procedures, unlike diet, also causes biological changes that help reduce energy intake {food,
beverage). A decrease in energy intake with surgery results, in part, from anatomical changes to the stomach or gut that restrict food intake or
cause malabsorption of nutrients. In addition, bariatric surgery increases the production of certain gut hormones that Interact with the brain to
reduce hunger, decrease appetite, and enhance satiety (feelings of fuliness). In these ways, barlatric and metabolic surgery, unlike dieting,
produces long-term weight-loss.



Misconception: Many bariatric patients become alcoholics after their surgery.

Truth:

Actually, only a small percentage of bariatric patients claim to have problems with alcohol after surgery. Most (but not all) who abuse alcohol
after surgery had problems with alcohol abuse at some period of time prior to surgery. Alcohol sensitivity, (particularly if alcohol is consumed
during the rapid weight-loss period), is increased after bariatric surgery so that the effects of alcohol are felt with fewer drinks than before
surgery. Studies also find with certain bariatric procedures (such as the gastric bypass or sleeve gastrectomy) that drinking an alcoholic
beverage Increases blood alcohol to levels that are considerably higher than befare surgery or In comparison to the alcohol levels of individuals
who have not had a bariatric procedure. For all of these reasons, bariatric patients are advised to take certain precautions regarding alcohol:

* Avoid alcoholic beverages during the rapid weight-loss period

* Be aware that even small amounts of alcohol can cause intoxication
* Avoid driving or operating heavy equipment after drinking any alcohol
= Seek help if drinking becomes a problem

If you feel the consumption of alcohol may be an issue for you after surgery, please contact your primary care physician or bariatric surgeon
and discuss this further. They will be able to help you identify resources available to address any alcohol-related issues.

Misconception: Surgery increases the risk for suicide.

Truth;

Individuals affected by severe obesity who are seeking bariatric and metabolic surgery are more likely to suffer from depression or anxiety and
to have lower self-esteem and overall quality of life than someone who Is normal weight. Bariatric surgery results in highly significant
improvement in psychosocial well-being for the majority of patients. However, there remain a few patients with undiagnased preexisting
psychological disorders and still others with overwhelming life stressors who commit sulcide after bariatric surgery. Two large studies have
found a small but significant increase in suicide occurrence following bariatric surgery. For this reason, comprehensive bariatric programs
require psychological evaluations prior to surgery and many have behavioral therapists avallable for patient consultations after surgery.

Misconception: Bariatric patients have serious health problems caused by vitamin and mineral deficiencies.
Truth:

Bariatric operations can lead to deficiencies In vitamins and minerals by reducing nutrient intake or by causing reduced absarption from the
intestine. Bariatric operations vary in the extent of malabsorption they may cause, and vary in which nutrients may be affected. The more
malabsorptive bariatric procedures also increase the risk for protein deficiency. Deficiencies in micronutrients (vitamin and minerals) and
protein can adversely affect health, causing fatigue, anemia, bone and muscle loss, impaired night vision, low immunity, loss of appropriate
nerve function and even cognitive defects. Fortunately, nutrient deficiencies following surgery can be avoided with appropriate diet and the use
of dietary supplements, i.e. vitamins, minerals, and, in some cases, protein supplements. Nutrient guidelines for different types of bariatric
surgery procedures have been established by the ASMBS Nutritional Experts Committee and published in the journal, Surgery for Obesity and
Other Related Disorders. Before and after surgery, patients are advised of their dietary and supplement needs and followed by a nutritionist
with bariatric expertise. Most bariatric programs also require patients to have their vitamins and minerals checked on a regular basis following
surgery. Nutrient deficiencies and any associated health issues are preventable with patient monitoring and patient compliance in following
dietary and supplement (vitamin and mineral) recommendations. Health problems due to deficiencies usually occur in patients who do not
regularly follow-up with their surgeon to establish healthy nutrient levels.

Misconception: Obesity is only an addiction, similar to alcoholism or drug dependency.
Truth:

Although there is a very small percentage of individuals affected by abesity who have eating disorders, such as binge eating disorder
syndrome, that may result in the intake of excess food (calories), for the vast majority of individuals affected by obesity, obesity is a complex
disease caused by many factors. When treating addiction, such as alcohol and drugs, one of the first steps is abstaining from the drugs or
alcohol. This approach does not work with obesity as we need to eat to live. Additionally, there may be other issues affecting an individual’s
weight, such as psychological issues. Weight gain generally occurs when there is an energy imbalance or, in other words, the amount of food



