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1. Introduction

It is estimated that 5.7% of American adults, or approximately 14.5 million people, are
morbidly obese, defined as a body mass index (BMI) of >40 kg/m?2 and thus are eligible for
bariatric surgery. (Flegal et al. 2010) If in one year, only 10% of these morbidly obese patients
(approximately 1.45 Million) would undergo bariatric surgery, with an average expenditure of
approximately $20,000, this would result in a total cost of US$ 29 billion. This amount is
equivalent to about 1% of the total healthcare expenditure in the USA.(National Health
Expenditure Data 2011) This estimate most likely underestimates the potential cost because the
obesity epidemic is still growing in the USA, which has an obesity rate of over 30%.(Aasheim
and Sevik 2011; Finucane et al. 2011; Flegal et al. 2010; Shao and Chin 2011) Because of the
potentially significant impact on overall healthcare expenditures, policy makers and payers
are very careful to allow free access to bariatric surgery for all severely or morbidly obese
patients. In addition to appraising the impact on the future health status of morbidly obese
patients, payers and decision makers want to be able to estimate the impact of bariatric
surgery on their budgets and resources as well as to understand the potential return on such
an investment. To determine the most recent knowledge on the economic consequences
relating to bariatric surgery for payers in different healthcare settings, a literature review of
economic or outcome publications was conducted and is summarized in this book chapter.

Short-term cost is often a major barrier to payers and other interested parties.
Understanding the full cost consequences of bariatric surgery includes consideration and
comparison of both conventional treatment and surgery for morbid obesity against the
associated overall health outcome. This information is needed to make rational decisions.
Nonsurgical approaches to weight loss, however, are often requested or even reimbursed
before agreeing to surgery - despite the fact that the impact of these therapies has been
shown to be modest and short term for most patients. (Bockelbrink et al. 2008; Picot et al.
2009; Li et al. 2005; Snow et al. 2005) To allow a rational decision, it is important to assess
how bariatric surgery impacts health outcomes in comparison to the best existing
alternatives and how much total expenditure is generated by bariatric surgery in
comparison to the alternative approaches to weight loss.
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62 Advanced Bariatric and Metabolic Surgery

1.1 Short introduction to health economics

This section gives a brief introduction to health economics relevant to this chapter. Those
familiar with health economics can skip this introduction.

Cost-effectiveness analysis is an attempt to answer the question: “How much more (than
today) are we willing pay for an improvement in health outcomes?” Improvements in health
outcomes include a gain of life years, a reduction of disability or an improvement in the
quality of life. In the cost-utility analysis, clinical and humanistic parameters are combined
as quality adjusted life years (QALY) and the cost to improve the outcome by one QALY is
calculated. (Berger and International Society for Pharmacoeconomics and Outcomes
Research 2003)

A QALY is a measure of additional life-time gained by a medical intervention (which could
be a drug, surgery, diagnostic, etc.) adjusted by the utility or quality of life of the patients.
The utility is evaluated through standardized and validated questionnaires (which can be
general quality of life questionnaires or tailored to specific diseases) and quantified by health
utilities or quality of life indices. These range from 1, a perfect state of health, to 0, equivalent
to death. QALYs are determined by multiplying the number of additional life years by the
health utilities (for example, 4 years with a utility of 0.75 = 3 QALYs). Cost-utility analysis
allows comparing a broad range of healthcare interventions for their cost-utility and
consequently help setting healthcare investment priorities. The incremental cost-
effectiveness or cost-utility ratios (ICER or ICUR) how much more has to be spent for a new
technology over the comparator (usually the current standard of care) to achieve one
additional QALY. (Berger and International Society for Pharmacoeconomics and Outcomes
Research 2003)

Authorities in some countries, such as UK, Canada, Australia and Sweden, are using the
incremental cost per QALY for making decisions on the degree of reimbursement for
interventions. Theoretically, interventions achieving improved outcomes at lower total
healthcare cost are dominant and should be used and reimbursed; interventions with a
worse outcome at higher cost should never be reimbursed. For technologies which result in
increased cost but produce better outcomes, there should be an agreed upon threshold of
acceptable cost per QALY or cost-utility ratios. This threshold varies and is subject of many
discussions, but usually lies around 1 to 3 times the gross domestic product per capita.
(Landa 2008; Shiroiwa et al. 2010) Technologies with higher cost per QALY should not be
reimbursed as a general rule. However, other factors are also taken into consideration when
deciding whether to reimburse or not (e.g. local economy, culture, ethics, innovation factor,
budget impact, others). In other countries, such as the USA, France or Germany, the cost per
QALY is not generally considered a key decision criterion. In these countries, cost-
effectiveness or budget impact over a limited time period might be considered more
important by payer decision makers.

Another way to estimate the value of bariatric surgery is to calculate the return on
investment (ROI). ROI is a measure used to evaluate the efficiency of the investment in the
surgery and is calculated for a defined time span by dividing the net financial gain (dollars
gained from surgery minus the cost of surgery) by the cost of surgery.
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2. Economic outcomes of bariatric surgery

The general agreement is that patients with a BMI>40 kg/m?2, or with a BMI>35 kg/m?2 and a
serious obesity-related comorbidity, who have failed to respond to conservative treatment
(diet, exercise, pharmacology) are eligible for bariatric surgery. Despite this, less than 2% of
these patients actually are offered or choose bariatric surgery. (Kim, White, and Buffington
2010) A core question to payers before extending access to bariatric surgery will be what
impact the increased use of bariatric surgery will have on their overall budgets. (Powers,
Rehrig, and Jones 2007)

2.1 Cost associated with obesity and bariatric surgery
The key cost components of obesity are:

e The need for ongoing dietary and behavioral interventions.

e Treatment of the health consequences of obesity such as type 2 diabetes and
cardiovascular disease.

e Decreased work productivity.

e Increased overall cost of living (e.g., additional services needed because of decreased
mobility, adaptation of articles of daily use or furniture, etc.).

The substantial health and quality of life benefits of decreased weight have been described
in other chapters in this book. The question is whether the decreased costs of obesity listed
above offset the cost of bariatric surgery, which is perceived as a costly procedure. The key
cost components of surgery are (1) the surgical procedure and the associated hospital stay,
(2) potentially serious short term and long term complications (e.g. surgical risk, food
intolerance and micronutrient deficiencies, surgery related mortality), (3) supportive care
services and treatments, and if necessary, potential reversal surgery.

2.1.1 Cost of obesity

Many studies have shown that obesity is associated with increased mortality, decreased
quality of life, increased disability, and increased healthcare costs. (Finkelstein et al. 2009;
Pendergast et al. 2010; Cawley 2010) The amount of this increase is different across different
countries as shown by the following studies. Finkelstein et al estimated obesity-related
diseases to account for $147 billion in the USA in 2006. The same study showed that the rate
of obesity in the US increased by 37% from 1998 to 2006 with an increase of 89% in money
spent on obesity-related diseases. This resulted in an increase from 6.5% to 9.1% of the total
US healthcare budget spent on obesity and obesity related diseases. Finkelstein et al.
calculated the adult annual per capita medical spending attributable to obesity (compared to
a normal weight population) was $1,429 (42% higher than non-obese cost per capita).
(Finkelstein et al. 2009) Significantly higher estimates of increased healthcare spending due
to obesity were obtained by Pendergast et al. who calculated the annualized healthcare
utilization costs for the US and Germany and found that in the US obese patients spent 73%
more than non-obese people ($4,780 more) and 59% more in Germany ($1,035 more).
(Pendergast et al. 2010) Cawley et al. estimated that obesity raises annual medical costs by
$2,826 (2005 dollars) per obese patient and that the total annual cost of treating obesity in the
US adult non-institutionalized population was $168 billion, or 16.5% of national spending
on medical care. (Cawley 2010) Future trends exacerbate the problem.
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64 Advanced Bariatric and Metabolic Surgery

2.1.2 Cost of bariatric surgery
2.1.2.1 Cost of surgery procedure

The cost of bariatric surgery has been estimated in several countries and from diverse
perspectives. A summary of the cost estimates is listed in Table 1. For example for
laparoscopic gastric banding (LAGB) the reported cost of surgery ranges from US$7,125 in
the UK to US$25,000 in the US. The total short and long term cost of obesity or bariatric
surgery is influenced by several factors, such as the cost of the intervention, the cost of
adaptations (e.g. band adjustment) adverse events, reversals, nutritional supplements,
secondary health-related cost such as treating the consequences of the fast and extensive
weight loss, and cost of the general supportive care (e.g., dietary, educational, psychosocial).
There is high variability amongst the existing studies as to which cost had been considered.
A study in the UK estimated the immediate direct medical cost in the first year of LAGB to
be £4,750 ($7,125). In this study, conventional obesity therapy was calculated to be £336
(US$500) in the first year. (Clegg et al. 2002) A year later, the same authors compared the
direct medical cost of two types of surgery by calculating the direct medical cost over 20
years (£10,795 for LAGB and £9,627 for vertical gastric banding (VBG)?!) with conventional
care (£6,964). (Clegg et al. 2002)

Some cost factors that have strongly affected the surgery-related cost for gastric banding in
the early years, e.g. regular readjustment of the gastric band in the hospital, have been
decreasing with greater experience and further development of the technology. Increasingly,
the adjustments can now be performed during the regular visits in the outpatient setting,
without the need for high cost hospital interventions. (Jan et al. 2007)

2.1.2.2 Cost offset of usual care for those not receiving surgery

It is crucial to consider, in addition to the immediate intervention-related cost, the cost
from the longer-term consequences of obesity, such as type 2 diabetes mellitus,
hypertension, cardiovascular diseases and increased cancer risk, in addition to reduced
work productivity. For example, Ackroyd et al. published a model for bariatric surgery
projected over five years for patients with type 2 diabetes in UK, France or Germany.
(Ackroyd et al. 2006) The five-year cost of adjustable gastric banding in Germany was
€13,610, in UK €12,838 (£9,072) and in France €14,796. While in UK the five-year direct
medical cost of conventional care was lower than the surgical interventions (£7,080
equivalent to €10,030), in both Germany and France the cost for usual care exceeded that
of the surgical interventions (€17,197 and €19,267 respectively). This modelling study
focused on patients with diabetes and incorporated all direct medical cost from third
party payers’ perspective. Thus, the conventional treatment cost not only included the
cost for diet and exercise therapy but also the treatment of comorbidities and office visits
during the five-year time frame in this patient segment (see Table 1). This model was
based on the conservative assumption that the length of stay after LAGB would be five
days. In newer research, this time is much shorter (Jan et al. 2007). This means that this
study probably overestimates the cost of LAGB.

1£10,000 would be equivalent to €15'800 or US$15,000
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Publication Data Year Cost Country
Salem, 2008 2004 $16,200 USA
Paxton, 2005 Before 2005 $17,660 - $29,443 USA
Livingston, 2005 2001/2002 $19,794 - $23,355 USA
Ikramuddin, 2009 2007 $19,760 USA
Hoerger, 2010 2005 $15,536 - $20,326 USA
Chang, 2011 2010 $23,778 - $64,784 USA
Clegg, 2003 Before 2001 £9,627 - £10,795 UK
Ackroyd, 2006 1998-2003 £7,088 - £9,121 UK
Ackroyd, 2006 1998-2003 €12,166 - €17,197 GER
Ackroyd, 2006 1998-2003 €13,399 - €19,276 FRA

Table 1. Summary of publications reporting cost of bariatric surgery.

Salem et al calculated the three-year cost of LAGB at US$16,200 and for Roux-en-Y gastric
bypass (RYGB) at US$27,560, based on 2004 hospital charges associated with the surgery,
including procedural fees, treatment of postoperative complications, follow-up care, and
treatment of obesity-related diseases, such as coronary heart disease, stroke, type 2 diabetes,
hypercholesterolemia, and hypertension.

More recent publications estimate an additional cost of US$15,000 - US$20,000 over the 32-
38 years after surgery. (Ikramuddin et al. 2009; Hoerger et al. 2010) Chang et al
differentiated between patients with obesity related diseases (ORD) and those without
ORDs and analyzed the cost for three BMI classes, BMI above 35 and below 40, BMI
between 40 and 50, and BMI above 50kg/m?2. (Chang, Stoll, and Colditz 2011) Bariatric
surgery in patients without ORDs incurred higher incremental cost over conventional
therapy than in patient who had ORDs. In addition, the authors found that the incremental
cost diminished with increasing BMI. This may be explained by the positive impact of
bariatric surgery on ORDs, which lead to a prevention of costs related to the ORDs. On the
other hand, higher BMI is a risk factor for developing ORDs and therefore, the total
incremental cost of bariatric surgery as compared to non-surgery decreases with higher
BMI.

2.2 Cost and outcomes of bariatric surgery depending on the hospital’s experience

The more experienced the care team is the lower the cost of bariatric surgery. Nguyen et al
compared bariatric surgery (Roux-en-Y gastric bypass) performed at low volume hospitals
(less than 50 procedures per year) with high volume hospitals (more than 100 procedures
per year). They found that high volume hospitals had shorter length of stay (3.8 days vs. 5.1
days for low volume hospitals), lower overall complications (10.2% vs. 14.5%) and lower
cost ($10,292 vs. $13,908), (Nguyen 2004) which was driven to a large extent by the shorter
hospital stay. The reduction of time in the hospital depends on the success rate of surgery
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and the avoidance of complications. (Encinosa 2009) Since hospital cost is a major driver in
the overall cost of surgery, a reduction in the length of stay leads to an improved cost-
effectiveness ratio.

Increased improvement in the efficiency of surgery will improve the cost-utility ratio. For
example, Jan et al. found in their retrospective analysis of data of a US hospital (in the high
volume or Center of Excellence category) an average length of stay for LAGB of 1.1 days,
while the time assumed in earlier models, or in studies integrating both open and
laparoscopic adjustable gastric bypass, was more than 3 times as much. (Jan et al. 2007) As
in the example of Ackroyd’s analysis of surgery for diabetic patients, better patient profiling
may also improve the cost-effectiveness ratio with improved targeting of the intervention
and consequently, improved outcomes. (Ayckrod 2006)

2.3 Cost-effectiveness of bariatric surgery

When assessing the cost impact of bariatric surgery, it is important to compare the surgery
related cost versus the cost consequences of obesity over time. The resulting cost difference
can be assessed in relation to the desired outcomes, such as the length of life and the health
related quality of life of the patients.

Ikramuddin et al. prospectively collected outcomes data in a practical real-life setting from
567 obese patients with type 2 diabetes that underwent Roux-en-Y gastric by-pass surgery
between 2001 and 2007 at the University of Minnesota Medical Center, Minneapolis. The
data was entered into a health economic model (CORE Model). (Ikramuddin et al. 2009) In
the model, the patient data was compared to a standard population of obese diabetic
patients based on data obtained from the United Kingdom Prospective Diabetes Study
(UKPDS), and the Framingham Heart Study. (Palmer et al. 2004a,b) At baseline, the patients
were on average 50.1 years old, had a mean duration of diabetes or pre-diabetes of 8.7 years
and 77.9% were female. The model projected cost and outcome over a time period of 35
years and predicted that, after discounting cost and outcomes, patients that had bariatric
surgery would on average live 11.54 years (undiscounted 15.94 years), while those only
treated with conservative medical intervention would survive on average 10.87 years
(undiscounted 14.66 years). In addition, the patients undergoing bariatric surgery would
experience a better quality of life as measured by standardized quality of life questionnaires.
Therefore, the model estimated a significant increase in QALYs by 0.9 to 6.78 compared to
5.88 QALYs achieved by conservative medical treatment. The model projected cost savings
from bariatric surgery in the areas of patient management of type 2 diabetes (screening
procedures, medication), cardiovascular disease, renal complications, while additional costs
were incurred by the surgery. The overall incremental cost-effectiveness was estimated to be
US$ 21,973 per QALY, which would generally be accepted as cost-effective. The incremental
cost per life year gained was US$ 29,676. It is important to note that the degree of cost-
effectiveness was strongly dependent on the long-term perspective and on the estimated
improvement in quality of life. The highest costs in both cohorts were those associated with
cardiovascular disease (CVD), which were higher for the medical-management cohort
($37,824) than for the bariatric surgery cohort ($34,811) and represented an 8% decrease in
CVD-related costs. Limitations of this study were that the model was extrapolated far
beyond the time frame of the prospective data collection and that instead of collecting
comparative control data these were extrapolated from previous UK studies. In sensitivity
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analyses, shortening the time horizon to 5 and 10 years and excluding the negative impact of
increased body mass index on the patient’s quality of life had the greatest adverse impact on
the ICERs (i.e. higher cost per QALY). (Ikramuddin et al. 2009)

Chang and his collaborators used a model for a representative US population (National
Health and Nutrition Examination Survey III/NHANES III) and retrieved clinical and
quality of life outcomes data from a meta-analysis. They gave a preference to newer data
because the outcomes of bariatric surgery have greatly improved over the last 20 years.
(Chang, Stoll, and Colditz 2011) Bariatric surgery was cost-effective for obese people with
BMI greater than 35 kg/m?2, with a cost per incremental QALY of less than US$4,000. It was
also cost-saving for patients with a BMI greater than 50 kg/m?2 with one or more obesity-
related comorbidity before surgery. Even for patients with a BMI above 30kg/m?, the cost
per incremental QALY was only US$4,222 for patients without comorbidities or US$2,926 if
they had comorbidities. If the willingness-to-pay-threshold is assumed to be US$40-60,000
per QALY the results of this analysis support a broader use of bariatric surgery.

In all studies, bariatric surgery remained cost-effective in the eligible patient group.
Differences could be seen among subgroups.

2.3.1 BMlI level

Craig et al. showed decreasing cost per QALY with increasing BMI. (Craig and Tseng 2002)
That means that the more obese patients are the more value they can get from the surgery.
This is probably connected to the risk of comorbidities increasing with higher BMI.
Similarly, Chang et al used a model to analyze the cost-utility ratio in different BMI groups.
(Chang, Stoll, and Colditz 2011) While the surgery intervention was cost-effective for all
levels of BMI above 35kg/m?, the cost-utility ratio decreased with increasing BMI (over
35kg/m?, over 40kg/m?, over 50kg/m?).

2.3.2 Gender

Salem et al. published an analysis of lifetime cost and incremental cost-utility for men and
women from two laparoscopic bariatric surgery techniques as compared to conventional
therapy. The incremental cost-utility for men aged 35 and a BMI of 40 or over was US$11,604
per incremental QALY for laparoscopic adjustable gastric banding (LAGB) while for women
it was US$8,878. For Roux-en-Y gastric bypass (RYGB) the cost per incremental QALY was
US$18,543 for men and US$14,680/ QALY for women. (Salem et al. 2008)

2.3.3 Cost-effectiveness for obese patients with BMI over 35 and type 2 diabetes

As already mentioned in the previous discussion, a large proportion of the potential savings
induced by bariatric surgery is due to the reduction in comorbidities. The reduction of
medical needs and degree of remission in type 2 diabetes from bariatric surgery is best
supported by data. It is, therefore, no surprise that the favourable cost-effectiveness of
bariatric surgery becomes most apparent for morbidly obese patients with type 2 diabetes.

In a study conducted in Italy, Austria and Spain, a cost-effectiveness and budget impact
model was used to estimate the resource utilization and cost of adjustable gastric banding
and gastric bypass vs. conventional treatment in patients with a BMI = 35 kg/m? and type 2
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diabetes. (Anselmino et al. 2009) In all scenarios analyzed for Italy and Austria, over a time
span of 5 years, both procedures turned out to be cost-saving versus conventional treatment.
In Spain there was incremental overall cost associated with both surgical interventions when
compared to conventional treatment, but remained cost-effective even in the worst case
scenario. Ackroyd et al. showed savings in addition to improved outcomes (QALYs) from
bariatric surgery in German and French patients with type 2 diabetes. (Ackroyd et al. 2006)

An American group used the Center of Disease Control (CDC)-RTI Diabetes Cost-
Effectiveness Markov Simulation Model to estimate the overall cost of gastric bypass or
gastric banding surgery relative to conventional therapy throughout disease progression
(from diagnosis of type 2 diabetes to either death or age 95 years). (Hoerger et al. 2010) The
model also simulated diabetes-related complications on three microvascular disease paths
(nephropathy, neuropathy, and retinopathy) and two macrovascular disease paths
(coronary heart disease and stroke) and of remission and relapse of type 2 diabetes. Both
surgical alternatives remained cost-effective in all scenarios but did not achieve cost-saving
in this US based model. Gastric bypass surgery resulted in US$7,000/ QALY for patients
with BMI > 35 and newly diagnosed type 2 diabetes and US$12,000/QALY for those with
diabetes existing for a longer time. Similarly, gastric banding surgery resulted in
US$11,000/QALY and US$13,000/QALY for the respective groups. With this cost-
effectiveness range, both surgical alternatives remained below the typical cost-effectiveness
of current anti-diabetic medications. (Hoerger et al. 2010) As an example, intensive glycemic
and lipid control in comparison to conventional risk factor control have been shown to have
incremental cost effectiveness ratio of US$41,384/QALY for patients with BMI > 35 and
newly diagnosed diabetes and US$51,889/QALY for those with diabetes existing for a
longer time. (CDC Diabetes Cost Effectiveness Group 2002)

A study was conducted in seven Blue Cross/Blue Shield health care plans. It was a
retrospective time-series study of patients who had undergone bariatric surgery and had
evidence of preoperative diabetes based on medication use. The authors concluded that
bariatric surgery was associated with a reduction of 98% in the total use of medication and
in a reduction of overall health care costs in patients with type 2 diabetes. They, therefore,
recommended that health insurers should cover bariatric surgery because of its health and
cost benefits. (Makary et al. 2010)

Another retrospective US database analysis by Klein and collaborators compared the
economic impact between two matched cohorts of obese patients (BMI > 35) with type 2
diabetes with or without bariatric surgery. In this database all types of bariatric surgery
before 2004 were recorded under the same code. (Klein et al. 2011) Between 2004 and 2007,
65% of the procedures were performed as laparoscopic interventions, and by 2007 they
reached 94% of all bariatric surgeries. Approximately half of these were gastric banding
procedures. The authors found that in the latter years, on average it took 29 months (range
21-38) to fully recoup the cost of open surgery (US$ 28,845) and 26 months (range 20-32) for
the cost of laparoscopic procedures (US$ 19,124). While in the no surgery control group, the
rate of diabetes diagnosis or prescription claims fell to approximately 80%, it dropped to
around 25% in the surgery group. In addition, medication supply cost slightly increased in
the control group and it dropped by 80% in the surgery group, and remained stable
throughout 36 months after surgery. (Klein et al. 2011)
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Because of the strong clinical evidence the International Diabetes Federation (IDF) in 2011
officially published a consensus statement supporting the positive impact of bariatric
surgery on clinical and economic diabetes related outcomes. Consequently, IDF called for
National guidelines for bariatric surgery in patients with type 2 diabetes and a BMI of 35 kg
/m?2 or more to be developed and promoted. (] B Dixon et al. 2011)

In a recent discussion of existing evidence, Villamizar suggested that due to both the
positive clinical and economic impact to extend the eligibility criteria for bariatric surgery in
the diabetic population even further to include patients a BMI of 30 kg /m2 or above.
(Villamizar and Pryor 2011) Health plans and other budget holders would have to expect
increased short term cost, with a negative impact on their short term financial resources, and
savings would only be expected two to three years after surgery. This may be one reason
why payer organizations hesitate to give better access to bariatric surgery for all patients
eligible per guideline definitions.

2.4 Comparison of types of surgery

After conservative weight reduction attempts failed and a decision to perform bariatric
surgery has been made, there are different methodological approaches to bariatric surgery,
which have been presented and discussed in other chapters of this book. Each intervention
has advantages or disadvantages for specific patient groups. The three currently most used
methods are gastric bypass surgery?, adjustable gastric banding3, and sleeve gastrectomy*.
The individual patient profile (e.g. eating habits, BMI, general health, readiness to assume
risk, eagerness for fast results) should be considered when making the decision for the most
suitable surgical type. From the patient’s perspective, the surgery center’s capabilities and
historical success rates in the specific type of surgery are important factors to consider.

There is sufficient evidence to support offering a choice of procedures and making the
decision together with the patient. The choice depends on his or her risk profile, eating
habits, BMI, psychosocial situation, and personal preferences (Table 2 and Fig. 1). When
performed in a surgical center experienced in obesity care, bariatric surgery usually achieves
the goals of obesity therapy with acceptable low risk of surgery-related complications. In
addition, Encinosa et al. were able to show in a retrospective insurance claims data analysis
in the USA that the use of laparoscopy reduced total healthcare costs by 12%, while gastric
banding decreased costs by 20%. Laparoscopy had no impact on readmissions; the increase
in banding without bypass reduced readmissions. (Encinosa 2009).

In the USA, laparoscopic gastric bypass and laparoscopic gastric banding are currently the
two most commonly performed operations for the treatment of morbid obesity, (Hinojosa et
al. 2009) although sleeve gastrectomy is increasingly used as an effective method of bariatric

2 Gastric bypass surgery involves the creation of a small gastric pouch and a shortcut of the remaining
stomach and parts of the GI tract (bypass)

3 A band placed around the upper part of the stomach to create a small pouch limits the amount of food
intake at a time and can be adjusted regularly to maintain the effectiveness.

4 The stomach is reduced to about 25% of its original size, by surgical removal of a large portion of the
stomach, following the major curve. The open edges are then attached together to form a sleeve or tube.
The procedure permanently reduces the size of the stomach.
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surgery. Many cost-utility studies which evaluated various types of surgery methods in
different patient groups have been published and are summarized in Table 2.

Nguyen et al. conducted a randomized controlled trial comparing gastric bypass and gastric
banding with respect to short and long term clinical outcomes, cost, and quality of life
impact with 111 patients undergoing gastric bypass surgery and 86 patients receiving
gastric banding surgery. (Nguyen et al. 2009) The study showed that a higher complexity of
gastric bypass surgery is reflected in a longer time needed for surgery and recovery (see
Table 3). Increasing complexity was also associated with higher complication rates and
higher total cost. On the other hand, gastric bypass surgery was more effective for weight
loss in terms of the extent of weight loss and the response rate. The authors suggested
considering the trade-offs of increased complexity, cost, and complications versus improved
weight outcomes, when making the decision on which type of surgery is the best for the
individual patient. They also argued that even the inferior weight loss after the gastric
banding procedure is far better than any non-surgical intervention and led to the same
improvement of quality of life for the patients as gastric bypass surgery.

Conservative Options Surgical Options

Bariatric surgery
(bypass, banding,
gastric sleeve
Diet & surgery)
Behavioral

Obese
Therapy +

Patient

BMI > 40, or Decision criteria:
> 35 + severe * Risk Profile

Pharmacologic comorbidity * Patient Preference
Support * Eating habits
= BMI

* CenterExpertise
* Other

Fig. 1. Conceptual treatment path of obese patients

A smaller study was conducted by Ojo et al. in a hospital in New Haven, CT / USA and
compared the cost of 83 laparoscopic adjustable gastric banding (LAGB) procedures with
the cost of 59 laparoscopic vertical banded gastroplasty (LVBG) procedures. (Ojo and Valin
2009) This group found in their setting a cost advantage for LVBG (US$1,927 lower cost of
surgery but a somewhat higher follow-up cost). The authors found however, that the excess
weight loss in LVBG patients was realized more rapidly than in LAGB patients.

Another research group in the USA (Campbell et al. 2010) used the results of a five year
European randomized clinical trial published in 2007 (Angrisani, Lorenzo, and Borrelli 2007)
and base data from a systematic review of 36 English-language studies of weight loss
outcomes following LAGB or laparoscopic RYGB (O’Brien et al. 2006). The authors
conclusion was that both LAGB and LRYGB provided significant weight loss and were cost-
effective compared to conventional treatment at accepted thresholds for medical
interventions. (Campbell et al. 2010) In the base case of the overall eligible population the
incremental cost per life year saved was US$9,300 for LAGB and US$10,200 for LRYGB
versus conventional therapy. The cost-utility was US$5,400 for LAGB and US$5,600 for
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LRYGB versus conventional therapy. Comparing the two methods, LRYGB had an ICER of
US$12,900 / Life Year saved versus LAGB and an ICUR of US$6,200 per QALY. The cost
utility ratio improved with increasing morbidity and was generally better for females.
However, in all cases the ICUR remained below US$15,000/QALY and the surgical
procedures both were cost saving and improved clinical outcomes for females with a BMI >
50 kg/m2. (Campbell et al. 2010) Since the input data originated from data collected before
2006, it can be assumed that the rate of surgery related mortality and complications were
overestimated in this model compared to today. Therefore the cost-effectiveness would be
expected to be even more favourable for both types of surgery.

Table 2 summarizes studies that reported on cost-utility analyses of bariatric surgery.

Data Cost/ Method /

Year QALY Country Patient Type Limitations

$ 28,600 M. BMI > 40, A 35

$10,700 M, BMI > 50, A 35

$ 14,700 W, BMI > 40, A 35 Cost for treatment for many obesity-related
Craig, Tseng 1997-  $5,700 GB /USA W, BMI > 50, A 35 diseases (such as gastro-esophageal reflux
2002 2001 $ 35,600 M. BMI > 40, A 50 disease, sleep apnea, and degenerative joint

$13,300 M, BMI > 50, A 50 disease) were not included

$ 16,100 W, BMI > 40, A 50

$ 5,400 W, BMI > 50, A 50
Clece et al £6,289 GB/UK Cost estimates after one year only based on
200§g " <2002  £8527  AGB/UK expert opinion. Only diabetes as cost of

£10,237 VBG/UK comorbidity; no productivity considerations.

£3251 AGB/UK
£2599  GB/UK

owyd g 0309 AGB/GER paimswin  IeIPETe e productiy i
al. 2006 €(2208) GB/GER T2DM y . i . v 4
i.e. testing of extreme points
€(1,379) AGB/FRA
€(4,0000 GB/FRA
$11,604 LAGB/USA
/ M. A 35; BMI 40 Incremental cost effectiveness ratio (ICER)
Salem et al. $18,543 RYGB/USA !
2008* 2004 $8878 LAGB/USA of LAGB or LRYGB as compared with
/ W. A 35; BMI 40 medical interventions
$14,680 RYGB/USA
et al. 2009 2007  $122,001 10 year time horizon . P ety
Medical Treatment.
Campbell et <2006 $5,400 LAGB/USA Input data from previous European or
al. 2010 $ 5,600 LRYGB literature review
$2413 BMI >35<40, ORD . .
$3,872 BMI >35<40, no ORD }\/Iodel f01.‘ a pi)pulalh}(l)n (age = 1.7)., obtained
Chang et al. 20'10 $1.853 BMI >40<50, ORD Tom 1‘\Iat1v0na Health and Nutrition
price all types Examination Survey (NHANES) III and data
2011 $3,770 BMI >40<50, no ORD . .
levels from meta-Analysis including RCT and non-
dominant BMI >50, ORD RCT data
$1,904 BMI >50, no ORD
$ 7,000 Newly diag. T2DM
2005 GB/USA y 5 Centers for Disease Control and Prevention-
Hoerger et . $ 1,000 Established T2DM . .
price . RTI Diabetes Cost-Effectiveness Model
al. 2010 levels $12,000 AGB/USA Newly diag. T2DM extended to bariatric surgery
$ 13,000 Established T2DM

Table 2. List of studies reporting cost-utility ratios (Cost/ QALY). M=Men; W=Women;
ORD=0Obesity Related Disease
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Gasticbypass | oot |

N=86
Peri-surgery outcome
Operative time (minutes) 136.9+£31.9 68.21 £24.7 <0.01
Estimated blood loss 4x Reference (1) | <0.01
Length of hospital stay 31+15 1.5+1.1 <0.01
ICU use 2.7% 1.2% N.S.
30 day mortality 0 0 N.S.
Recovery
Return to daily living activities (d) 14.5+12.7 10.4 +10.1 <0.02
Return to work (d) 21.0 £13.65 14.0 £10.1 <0.01
Complications
Major early complications 6.3% 2.3% N.S.
Minor early complications 15.3% 4.7% 0.02
Major late complications 26.1% 11.6% 0.01
Minor late complications 13.5% 0% <0.01
30 day reoperation 5.4% 1.2% N.S.
Late reoperation 7.2% 11.6% N.S.
90 day mortality 0 0 N.S.
Weight Loss
Excess weight loss 2 yrs 68.9% 41.8%
Excess weight loss 4 yrs 68.4% 45.4%
Treatment success and failure rate
Treatment failure rate (excl. patients lost to 0% 16.7%
follow-up)
Treatment failure rate (incl. patients lost to 15.3% 23.3%
follow-up)
lf; zége of patients with adequate or good weight 35.9% 67.9%
%age of patients with excellent or exceptional 5419 15.3%
weight loss
Total Cost
Total cost (US$) 12,310 3,099 | 10,767 +1,631 |<0.01
Quality of Life (SF 36)

QoL after 1 month

Improved in 5
of 8 domains

Improved in 1
of 8 domains

QoL after 1 year

Improved to
normal in all
domains

Improved to
normal in all
domains

Table 3. Summary of study results of randomized controlled trial comparing laparoscopic
gastric bypass surgery and laparoscopic gastric banding for clinical, economic, and quality

of life outcomes
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The evidence shows that both LAGB and RYGB are cost-effective. However, there is no clear
evidence supporting superior cost-effectiveness of either surgical intervention compared to
the other but there is a tendency that with increasing proficiency and experience LAGB may
decrease cost by (1) requiring shorter time for surgery, hospitalization and recovery (2)
lowering peri-surgical morbidity and mortality and (3) reducing severe surgery-related
morbidity in the short and long term.

2.5 Budget impact, break-even or time to payback

A study by Cremieux et al.,, using a private insurer claims database, quantified the effect of
bariatric surgery on direct medical costs in 3,651 US patients for up to five years after bariatric
surgery. (Cremieux et al. 2008) Compared to a matched group of morbidly obese patients with
similar comorbidity profile, but did not receive bariatric surgery, the authors found that the
surgery group accrued incremental costs of approximately US$24,500 for all types of bariatric
surgery combined (US$26,000 for open surgery, and US$17,000 for laparoscopic surgery)
during the period from one month before surgery to two months following surgery. From
month three onwards, cost savings associated with the bariatric surgery patients started
accumulating. One and a half years after surgery the monthly savings associated with bariatric
surgery reached more than US$500 for the whole sample. Monthly savings associated with
laparoscopic bariatric surgery reached more than US$900 as early as 13 months following
surgery (P<0.01). Open surgery between 2003 and 2005 achieved the break-even after 49
months (95% CI, -35 to 63 months), and the cost of laparoscopic surgery were fully recovered
after 25 months (95% CI, -16 to 34 months). The savings came from reductions in prescription
drug costs, physician visit costs and hospital costs (including emergency department visits and
inpatient and outpatient visits). The reduced cost was associated with multiple major
diagnosis categories, including type 2 diabetes, coronary artery disease, hypertension, and
sleep apnea. This analysis had several conclusions:

e The cost of laparoscopic bariatric surgery could be recovered after a little over two
years. The savings accrued came mainly from reduced use of medication and healthcare
services originating from comorbidities.

e Laparoscopic interventions were more cost-effective than the open surgery alternatives.

e Outcomes from surgery improved over time as the surgical team gained more
experience, especially during the first few years. When analyzing the accumulated cost
in the surgery group before 2003, an average of 77 months was needed to recover the
investment (95% CI, -48 to 106 months).

e Third-party payers should invest in bariatric surgery because it generally will pay for
itself through decreased comorbidities within two to four years in addition to potential
quality-of-life and length-of-life benefits, as well as reduction in disability and work loss.

To confirm the observation of effective reduction of comorbidities, Cremieux et al.
conducted another study where they analyzed data from 5,502 patients in the same database
for comorbidity related claims before and after surgery. (Cremieux et al. 2008) Compared to
the period before surgery, significant decreases (p<0.05) were observed as early as 120 days
after surgery and remained lower until three years after surgery. All cardiovascular
disorders decreased from 43.6% pre-surgery to 14.2% post-surgery. The diagnosis of
diabetes mellitus fell from 19.9% to 7.7%. Chronic obstructive pulmonary disease and other
respiratory conditions also improved by over 40 percentage points (from 57.7% before to
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16.2% after surgery). In addition, prevalence of diseases of the musculoskeletal system and
connective tissue was reduced from 32.6% to 27.7%, and mental disorders were
approximately halved with 30.7% before and 14.8% after surgery.

Simultaneously, the medication use dropped significantly for a number of conditions
including infections, pain, respiratory disease, cardiovascular disease, gastroenterological
diseases, and diabetes. In addition, there was an improvement in the lipid profile of the
patients. Anemia, however, increased from 3.8% to 9.9% and use of nutritional supplements
increased significantly. Both are known consequences of the surgery.

A similar analysis of claims data (US MarketScan Commercial Claims and Encounters
Database from January 1, 2003 to March 31, 2008) of more than 7,000 patients having
undergone laparoscopic adjustable gastric banding surgery was published in 2011.
(Finkelstein et al. (a) 2011) They determined that the average cost of surgery was
approximately US$20,000 and that this investment was recouped within two years for the
diabetic population and within four years for the non-diabetic patient group due to
decreased utilization of healthcare services and medication.

A subsequent study used data from the US Medical Expenditure Panel Survey (MEPS) and
data from the US National Health and Wellness Survey (NHWS) to calculate the time
needed to recoup the cost of bariatric surgery when including direct medical cost (hospital,
drugs, clinical services, etc.) and indirect cost (absenteeism and presenteeism) of obese
patients who were eligible for bariatric surgery. (Finkelstein et al. (b) 2011) They concluded
that it takes nine quarters to recoup the cost of surgery. The improvement in absenteeism or
presenteeism balanced the time of lost work when the patients underwent the surgery.
Beyond the break-even time horizon there are additional indirect benefits that accrue to
employers as a result of the procedure.

Perry et al. analyzed 11,903 surgery patients matched to 11,901 controls selected from
190,448 Medicare patients matched for age, sex and comorbidity in the USA. (Perry et al.
2008) Throughout two years, the incidence of several obesity related diseases were reduced
when compared to the control group (all results were statistically highly significant):

- Diabetes fell by 21%

- Sleep apnoea by 10%

- Hypertension by 21%

- Hyperlipidemia by 30%

- Coronary artery disease by 32%.

In contrast to the above studies, an analysis of long-term health care utilization and
expenditures among veterans in the USA that underwent bariatric surgery in 12 Veteran
Affairs (VA) medical centers from 2000 to 2006 did not reveal a reduction in overall health
expenditures by the end of three years. The data indicated a significant decrease in
outpatient health expenditures, but this reduction was offset by a significant increase in
inpatient health expenditures. (Maciejewski et al. 2010) Several factors may have contributed
to this result, including the fact that the analysis targeted a special subset of patients usually
older than average patients undergoing bariatric surgery, had a higher degree of long
established comorbidities and were male. In addition, none of the patients received
laparoscopic banding procedures and only a minority of the surgeries used laparoscopic or
less invasive methods.
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More studies and models have attempted to calculate the time to break-even, or the time
needed until an intervention starts to generate more savings than it cost.

Table 4 lists the results from several studies and, depending on the point of view, these authors
expected the break-even in one to ten years. It depends on the type of cost and the
comparators considered when the break-even point is reached — or even if it is reached.
Employers paying for the healthcare of their employees would be interested in improved
productivity and reduced absenteeism. From their point of view productivity and absenteeism
should be included in the beak-even or time to pay-back calculations. On the other hand,
insurers or national health systems might only be interested in the direct medical cost.

Publikacation Country  Break-even or time to pay-back

Finkelstein; Brown 2005 USA 5-10 years for employer to recover cost

Snow et al. 2004 USA Break-even after 2-3 years

Narbro et al. 2002 Sweden Total cost similar

Christou et al. 2004 Canada 2-3 years

Sampalis et al. 2004 Canada 2-3 years

Gallagher et al. 2003 USA Cost is off set in year 1 through reduction of
outpatient visits in Veteran's Affairs population

Maciejewski et al. 2010 USA No break-even in Veteran's Affairs population

Mullen; Marr 2010 USA 3.5 years after gastric baypass

Cremieux et al. 2008 USA 53 months for bariatric surgery overall

25 months for laparoscopic bariatric surgery

Finkelstein et al. 2011(a) =~ USA 2 years for diabetic patients
4 years for non-diabetic patients

Finkelstein et al. 2011(b) USA 2.25 years for all patients, including direct and
indirect cost & savings

Table 4. Summary of studies, which report a “break-even’ time for bariatric surgery cost

Several studies find that LAGB and RYGB are cost saving and improve clinical outcomes
when compared to conventional therapy. Both procedures also have a relatively short time
before reaching break-even (two to 10 years). (Cremieux et al. 2008)

2.6 Geographic areas

Most of the evidence on economic impact of bariatric surgery has been generated in the
United States and in Europe. Several European countries as well as Canadian authorities
and some US payer organizations have assessed the technology systematically by looking at
the clinical and the economic evidence. The conclusions were not always consistent and
depended on the evidence reviewed, the perspective of the evaluation, and the time frame
assessed. Therefore, many assessments remain indecisive in their final conclusion and
requested further evidence to be generated.
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2.6.1 Europe

The recent health technology assessment in the UK, performed in 2009, included a literature
review of the key published clinical studies and cost-effectiveness analysis. In addition, the
cost-effectiveness of bariatric surgery was further analyzed in two models. (Picot et al. 2009)
The incremental cost-effectiveness ratios (ICERs) ranged between £2,000 and £4,000 per
QALY gained. The results were generally robust to changes in assumptions in the sensitivity
analysis, and in all cases the ICERs remained within the range conventionally regarded as
cost-effective from an NHS decision-making perspective. Surgical management (with AGB)
of moderate to severe obesity (BMI = 30 and < 40) in patients with type 2 diabetes was more
costly than nonsurgical management, but resulted in improved clinical outcomes. The ICER
was reduced with a longer time horizon, from £18,930 at two years to £1,367 at 20 years. The
authors also analyzed the cost effectiveness of the intervention for the patients with a BMI
between 30 and 35. Based on data from two clinical trials, the QALY gain at two years was
small (0.08). The ICER was again reduced with a longer time horizon, from £60,754 at two
years to £12,763 at 20 years. (Picot et al. 2009) The general conclusion was that bariatric
surgery was a clinically effective and cost-effective intervention for moderately to severely
obese people compared with non-surgical interventions.

The UK National Institute for Health and Clinical Excellence (NICE) guidelines state that
bariatric surgery should be offered to patients with a BMI of 35 - 40 who have other conditions
caused by being overweight, such as diabetes and obstructive sleep apnea or hypertension and
all appropriate non-surgical measures have been tried but have failed to achieve or maintain
adequate, clinically beneficial weight loss for at least 6 months or for those with a BMI of 40-50
with no other weight related conditions. For those with a BMI of 50 and over bariatric surgery
can be offered as a first-line treatment (NICE Guideline CG43, 2010).

A health technology assessment conducted by a German expert group came to the
conclusion that bariatric surgery seemed to be clinically effective and cost-effective, based
on an extensive literature analysis. (Bockelbrink et al. 2008) At this time, no specific German
cost-effectiveness analysis has been conducted.

Finland’s health technology assessment agency (FINOHTA) included a cost-utility analysis
for the most commonly used surgical techniques from the healthcare provider perspective
over a ten year time frame. They concluded that bariatric surgery in Finland was more
effective and less costly than the conventional therapy for morbid obesity and was the
dominant technology. (Miklin et al. 2009)

2.6.2 Canada

A recent health technology assessment from the Canadian authorities concluded that over a
time period of 20 years, bariatric surgery for morbidly obese patients appeared to be cost-
effective with an ICER of US$5,000 to US$30,000 / QALY. (Padwal et al. 2011; Klarenbach et
al. 2010) For patients with type 2 diabetes, the intervention was recognized as cost saving
and with improved outcomes. A retrospective data analysis performed in Quebec found
cost savings after 3.5 years from bariatric surgery due to reduced health care utilization for a
variety of obesity related disorders. (Sampalis et al. 2004) A new analysis is currently
ongoing, where three patient groups are compared for clinical, quality of life, and cost
outcomes for one year retrospectively and two years prospectively after referral or surgery.
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The study will include 150 surgical cases, 200 medically treated controls, and 150 wait-listed

controls. (APPLES study; (Padwal et al. 2010)). Final results for the APPLES analysis are
anticipated by late 2012 or early 2013.

2.6.3 Australia

Keating and colleagues compared the cost to achieve diabetic remission in 60 morbidly obese
patients through LAGB or conventional treatment in a two year randomized clinical trial in
Australia. (Keating et al. 2009a) The study showed that in the time frame of the two-year study
period, AU$16,000 additional expenditure for the surgical intervention was needed per
additional remission of diabetes. The highest cost difference was detected in the first six
months of the study period including the cost of the surgery and the short-term complications.
Savings were subsequently demonstrated for the surgery group in the consumption of anti-
diabetic medicine, with increasing consumption by the patients without bariatric surgery.

Subsequently, the same group of researchers extended the study results into an incremental
cost-effectiveness Markov model and extrapolated the intervention costs based on the
observed resource utilization during the trial. (Keating et al. 2009b) In this lifetime model,
the mean discounted cost per patient was AU$98,900 for surgical therapy and AU$101,400
for conventional therapy. Over a lifetime, the health-care cost to treat type 2 diabetes became
the overwhelming cost driver and cost differential between the two intervention groups.
The researchers found a 57% chance of surgery to be cost saving, a 98% chance to be very
cost-effective (below AU$7,000/QALY) and even in the worst-case scenario, surgery
remained cost-effective with AU$39,700/QALY. The authors concluded that based on this
trial in the Australian setting the cost of bariatric surgery (LAGB) for patients with BMI > 35
and type 2 diabetes should be recovered within 10 years after surgery.

2.6.4 Latin America

There is limited literature available for the use and cost-effectiveness of bariatric surgery in
Latin America. One publication by Salgado et al. calculated the actual cost of bariatric
surgery in the hospital setting and contrasted it with the very low standard reimbursed rate
by the public health insurance (R$3,260 in 2004; R$4,615 after August 2007). (Salgado Jtunior
et al. 2010) The calculation was only based on 9 patients treated in 2004 (average cost of
R$6,845/surgery) and 7 patients treated in 2007 (average cost of R$7,525/surgery) and no
outcomes or cost-effectiveness were reported.

2.7 Effect on productivity (paid work)

Obesity tends to lead to reduced income. (Flum et al. 2005, Martin et al. 2010) It was
estimated in New Mexico that the total labor income impact of obesity was nearly US$200
million, representing US$1,660 of output income and US$245 of labor income per household.
Obesity may cost New Mexico more than 7,300 jobs and cuts state and local tax revenues by
more than US$48 million. (Frezza and Wachtel 2009)

Few studies have examined the impact of bariatric surgery on productivity. According to a
US analysis, obese workers eligible for bariatric surgery have 5.1 (P <0.01) additional days of
absenteeism and US$2,230 (in 2004 dollars) (P<0.01) higher annual medical costs than
persons of a BMI of less than 25. (Finkelstein and Brown 2005) Given that bariatric surgery
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has been shown to increase life expectancy and to reduce the impact of overweight and
comorbidities an increase in productivity would be expected. (Frezza and Wachtel 2009)

A retrospective analysis in the Duke Health and Safety Surveillance System compared data
of morbidly obese workers (BMI > 40) with workers with a BMI 18.5 to 24.9 and revealed
that the obese workers generated twice the amount of claims with 6.8 times higher medical
claims cost and 11 times higher indemnity claims cost. In addition they lost 12.9 times more
workdays than the non-obese workers. (Ostbye et al. 2007)

A UK study followed 59 patients for 14 months after bariatric surgery. (Hawkins et al. 2007)
Before the surgery 58% of the patients worked, with an average work week of 30.1 hours,
and 32% claimed some sort of incapacity benefits. After surgery 76% of the patients worked,
with an average work week of 35.8 hours, and only 10% claimed benefits. The work or
productivity profile of the patients after bariatric surgery looked very similar to that of the
average population. Taking both the increase in percentage of people that worked and the
increase in average number of hours worked per week, there was a 57% total increase in
number of hours worked per week.

In a Dutch study the employment level was 53% before bariatric surgery and after surgery
rose to 80%. (van Gemert et al. 1998) Since 1998, when the Dutch study was published, the
outcome of bariatric surgery has improved significantly and it can be assumed that the
impact on productivity would be even higher today.

2.8 The cost impact of full reimbursement of bariatric surgery

As was outlined in the beginning of this paper, payers are concerned with the potential high
short-term cost as a consequence of broader access to bariatric surgery according to the clinical
guidelines. There is, however, evidence that the utilization might not grow at a very high rate.
In 2010, Kim et al. published their analysis of frequency of bariatric surgery in an employer
insurance setting, which had decided to give free access to bariatric surgery to those who were
eligible. The data showed that one year before the new policy 18 persons had a bariatric
surgery with a utilization rate of 1.71%. In the year after the policy change, 16 people elected
surgery with a utilization rate of 1.42%.(Kim, White, and Buffington 2010) The frequency of
bariatric surgery in the United States may even have levelled at around 110-120,000
procedures per year despite an increasing prevalence of obesity and a prominent decrease in
complication rates. (Livingston 2010) This indicates that there is a considerable barrier for
patients to elect this intervention and it may not be the preferred solution for all morbidly
obese patients. Fears connected to the perceived risk of the procedure and the perceived
negative impact on quality of life after the intervention may be a reason for the barrier.

It may appear that the utilization of bariatric surgery will only increase slowly and the
additional short term burden on payer budgets will remain a relatively controlled level. In
addition, the evidence is strong that the number of bariatric surgeries might increase short
term cost, but can be expected to generate mid- to long-term benefits at acceptable costs or
even savings.

3. Conclusions on the value of bariatric surgery

Based on currently available clinical evidence, bariatric surgery is an effective method to
decrease the long-term risk of obesity for morbidly obese patients. Bariatric surgery can
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effectively reduce disease sequelae of obesity such as diabetes, hypertension, sleep apnea,
cancer and cardiovascular disease and reduces mortality from these diseases.

The different types of bariatric surgery have all been effective in reducing weight and
diseases related to obesity. They do, however, have different levels of intervention risk as
conceptualized in Fig. 2.

Intervention
Related Risk

Diseases Related
to Obesity

Efficacy and Adverse Effects

Weight / BMI

Do Diet & Exercise LAGB Sleeve Gastrectomy
nothing Rx Diet Support LGBP Gastric Bypass Open

Intervention

Fig. 2. Conceptual summary of clinical outcomes of treatment alternatives for morbidly obese
patients. LAGB: Laparoscopic Adjustable Gastric Banding; LGBP: Laparoscopic Gastric Bypass

The investment in bariatric surgery is generally considered relatively high (US$7,000 to
US$25,000) and there is reluctance to reimburse this kind of surgery. When a longer
timeframe is considered, which would include reduction in cost of comorbidities, bariatric
surgery for eligible obese patients is cost effective or even cost saving for many patients. For
obese patients with existing obesity related comorbidities, like type 2 diabetes, bariatric
surgery becomes even more cost effective and some studies have shown it to be cost saving.
Evidence has also shown that the more experience the surgeons and the care team have, the
more clinical outcomes are improved and bariatric surgery becomes more cost-effective.
Despite the evidence supporting the cost-effectiveness or even cost savings for bariatric
surgery, it seems that there are only a limited number of patients willing to elect this type of
intervention. This may be due to the risk perceived by the patients and the fear of the
behavioural consequences of the surgery and their impact on the subsequent lifestyle.

In conclusion: Bariatric surgery is cost-effective or cost saving for eligible patients, usually
with a relatively short payback time. It can be even more cost-effective or often cost saving,
for patients with obesity related comorbidities, especially when they are treated by
experienced surgical and care teams. Given the positive impact on length of life and quality
of life and considering the increasingly efficient and reliable methodologies and care process
used today, bariatric surgery has become an attractive investment for eligible obese patients.

4. Appendix - methods (review of health economic publications on bariatric
surgery)

The English-language literature was searched with Medline, PubMedCentral and the
National Library of Medicine Catalog in 2008, 2009 and 2011. A search for relevant articles
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was conducted by entering the terms “bariatric surgery”, “obesity surgery” or “morbid
obesity” and “outcomes”. For relevant article that were found, a “related article” search was
performed. Additionally a search was based on MESH terms as listed below.

e MESH Terms:

e  Gastric Bypass + Treatment Outcome
e  Gastric Bypass/economics

e  Gastroplasty + Treatment Outcome

e  Gastroplasty /economics

e Treatment Outcome + Obesity,

e  Morbid Obesity/ complications,

e  Morbid Obesity + Treatment Outcome
e Obesity, Morbid

e  Obesity, Morbid/complications

e  Obesity, Morbid/complications

e  Obesity, Morbid + Cost, Cost Analysis
e  Obesity, Morbid/diet therapy

e  Obesity, Morbid/drug therapy

e  Obesity/economics/*surgery

e  Obesity, Morbid + Health Care Cost

e  Obesity, Morbid/*surgery

e  Obesity, Morbid + Treatment Outcome

Initial Search in Medline,
PubMedCentraland NLM

1.Screen: Exclude
publications with non-
relevant titles

Categorization based on Health Technology
24 criteria evaluated by |
Assessment Reports
abstract

| Guidelines

Grading ofimportance —
—> Grade 5 Publications

—> Grade 4 Publications

Additional publications

from references of core Grade 03
publications or sub- Publi i
sequent specific search ublications-
excluded

Fig. 3. Search strategy for review

The search strategy is outlined in Fig. 3 and screening and the assessment were performed
by 2 evaluators.
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All titles for potential interest to the subject of ‘value of bariatric surgery” were screened for
relevance. This excluded approximately 30%. Throughout the work process additional
articles were added either from reference lists of core articles or as result of targeted
subsequent search.

The remaining list was analyzed based on the abstracts, where available, and were then
categorized. The categories were created before this second screen to help to differentiate
the articles. The categories are: Economic or cost focus, HTA, Guideline, Outcomes
Assessment, Geography (supportive if from Europe), Patient numbers, Length of study,
Risk & complications, Comparison of surgery vs. Drug or diet / behavioral therapy, Study
Type (Prospective/Retrospective, RCT etc.) Comparisons of surgery techniques were only
considered if they reported relevant overall outcomes criteria but not if the comparison
seemed to be limited to 1 or few specific factors.

The remaining publications were ranked from 1 (not relevant) to 5 (highly relevant; key
publication) for relevance based on the categories.

Those were graded as 5 and used for the report.

Throughout the process original articles were consulted case of doubt and availability.
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