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Abstract

Purpose The aim of this study is to evaluate the change in rate of increase of bariatric surgery performed compared to the
growth of obesity and severe obesity in the United States (US).

Materials and Methods The number of primary adult bariatric procedures performed in the US between 2015 and 2018 was
obtained from the Metabolic and Bariatric Surgery Accreditation Quality and Improvement Project (MBSAQIP) database.
The US Census database was used to derive age-adjusted obesity and severe obesity prevalence among adults. Prevalence of
bariatric surgery, by year, was estimated as the ratio of the number of patients undergoing surgery and the projected number
of eligible individuals for that year.

Results There were 627,386 bariatric procedures performed for body mass index (BMI)> 30 kg/m?, of which 73.3%
(n=459,800) were performed for BMI > 40 kg/m?. Although the rate of obesity increased by 3.32% per year during this
period (RR=1.0332 per year increase; 95% CI=1.0313, 1.0352), the rate of surgery per eligible population increased by
only 2.47% (RR=1.0247 per year increase; 95% CI=1.0065, 1.0432). The prevalence of severe obesity increased from
7.70% (n=17,494,910) in 2015 t0 9.95% (n=23,135,039) in 2018 while the prevalence of surgery decreased from 0.588
per 100 eligible population in 2015 to 0.566 per 100 eligible population in 2018.

Conclusion The rate of utilization has not kept up with the rate of increase in this disease, our costliest illness. There is a
strong need to educate the public, healthcare professionals, insurance carriers, and legislators.
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Introduction

Despite its success as the most effective treatment for type 2
diabetes and the other expressions of the metabolic syndrome
such as severe obesity, dyslipidemia and non-alcoholic stea-
totic hepatitis (NASH), and its improved safety profile [1],
bariatric surgery remains vastly underutilized; only 1% or
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less of the eligible population undergoes this treatment [2].
To put it another way, 99% of those Americans who could be
freed of our most costly diseases are not getting this therapy.

Obesity is a pandemic. In the United States (US) alone, the
prevalence doubled from 1999-2009 and doubled again in the
last decade leaving more than a third of the US adult popula-
tion obese and severely obese [3]. The excess weight affects
quality of life, productivity, and longevity. It is associated
with our costliest major health comorbidities, including type
II diabetes mellitus, hypertension, obstructive sleep apnea,
asthma, cardiovascular events, and some cancers. In addition
to the direct costs, patients with obesity and with chronic dis-
eases and who undergo surgical procedures have higher rates
of complications and longer hospital lengths of stay, adding
to an already significant burden to healthcare resources [4,
5]. If trends increase at the current rate, obesity related costs
will rise by up to $66 billion a year in the next decade in the
US [6]. However, although metabolic surgery has proven to
be the most effective treatment to obesity and obesity related
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co-morbidities [7-9], it remains significantly underutilized. If
there were a medication that could produce the same effects,
with the same low rate of side effects, would the great major-
ity of our population accept the denial of access?

Although there are studies evaluating the numbers of
obesity procedures per year, no studies have evaluated if
the rate of increase of procedures is keeping up with the
rate of increase of obesity. The purpose of this study is to
evaluate the rate of increase of bariatric surgery performed
for both obesity and severe obesity using the Metabolic and
Bariatric Surgery Accreditation Quality and Improvement
Project (MBSAQIP) database and to determine whether the
limited increase of these procedures is keeping up with the
stepwise progressive increase in the eligible population for
bariatric surgery.

Methods

The number of primary bariatric procedures performed in
the United States (US) among obese and severe obese adults
(ages 20-80) between 2015 and 2018 was obtained from the
Metabolic and Bariatric Surgery Accreditation Quality and
Improvement Project (MBSAQIP) database. The age group
was chosen in order to parallel the population of the US
Census. A joint effort by the American College of Surgeons
(ACS) and the American Society for Metabolic and Bariatric
Surgery (ASMBS), the MBSAQIP database is an adminis-
trative database designed to achieve a national accreditation
standard for bariatric surgery centers. All accredited cent-
ers report their outcomes to the MBSAQIP database. Obe-
sity was defined as body mass index (BMI) > 30 kg/m* and
severe obesity as BMI >40 kg/m?. BMI cutoffs for obesity
and severe obesity are based on Centers for Disease Control
and Prevention (CDC) definitions and are typically used
to identify eligible patients for surgery in clinical practice.
The BMI > 30 kg/m? was specifically used as a surrogate
to describe the prevalence of disease of obesity in the US
society. BMI> 35 kg/m?, which is the BMI to qualify for sur-
gery, could not be examined based on the CDC definitions.

The US Census data were used to derive age-adjusted
obesity and severe obesity prevalence among adults ages
20-80. Age-adjusted prevalence of obesity and severe obe-
sity were obtained from the CDC brief report [10]. Preva-
lence of bariatric surgery by year was estimated as the
ratio of the number of patients undergoing surgery and the
projected number of eligible individuals (obese and severe
obese) for that year.

Statistical Analysis

Continuous variables are summarized by presenting the
number of non-missing observations, mean, standard

deviation (SD), median, 25th, and 75th quartile while
categorical variables are summarized by presenting the
number of patients and percentage for each category.

The number of eligible individuals and the number of
bariatric surgeries were modeled using negative binomial
regression with population included as an offset variable.
Relative risk (RR) and 95% confidence intervals (CI) are
provided as measures of strength of association and preci-
sion, respectively.

Ethical Considerations

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
the institutional and/or national research committee and
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards. Informed consent
does not apply for this study.

Results

Between 2015 and 2018, 627,386 bariatric procedures,
performed for BMI > 30 kg/m?, were reported in MBSA-
QIP. Of these, 73.3% (n=459,800) of the procedures were
performed in patients with BMI > 40 kg/m?. Baseline char-
acteristics are summarized overall and by year of operation
in Table 1. Overall, mean age (SD) was 44.8 (11.8) years,
72.7% were White, and 79.6% were female. Nearly half
of the patients had pre-operative hypertension requiring
medication while 24% had pre-operative hyperlipidemia.
Only a small fraction of the patients were on dialysis prior
to the procedure.

The number of procedures for BMI > 30 kg/m>
increased from 139,083 in 2015 to 168,666 in 2018. Age-
adjusted rate of surgery for BMI > 30 kg/m? relative to
the eligible population by year is depicted in Table 2.
Although the rate of obesity increased by 3.32% per year
from 2015 to 2018 (RR =1.0332 per year increase; 95%
CI=1.0313, 1.0352), the rate of surgery per eligible pop-
ulation increased by only 2.47% (RR =1.0247 per year
increase; 95% CI=1.0065, 1.0432) (Fig. 1).

For severe obesity (BMI >40 kg/mz), 459,800 bariatric
procedures were performed between 2015 and 2018, as
procedures increased from 102,947 to 122,909 in 2015
and 2018, respectively (Table 2). The prevalence of severe
obesity increased from 7.70% (n=17,494,910.36) in 2015
t0 9.95% (n=23,135,039.32) in 2018 while the prevalence
of surgery decreased from 0.588 per 100 eligible popula-
tion in 2015 to 0.566 per 100 eligible population in 2018
(Fig. 2).
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Table 1 Baseline characteristics overall and by year of operation

Year of operation

Variable Statistics or category 2015 2016 2017 2018 Overall
(N=139,083) (N=154,061) (N=165,576) (N=168,666) (N=627,386)

Age (years) Number (V) 139,083 154,061 16,5576 168,666 627,386
Mean (SD) 44.84 (11.82) 44.96 (11.78) 44.76 (11.79) 44.65 (11.79) 44.80 (11.79)
25th-75th 36.00-53.00 36.02-53.58 35.75-53.29 35.71-53.18 35.92-53.34
Median 44 44.57 44.39 44.17 44.35

Race White 103,817 (74.64%) 113,110 (73.42%) 119 746 (72.32%) 119,193 (70.67%) 455,866 (72.66%)
African-American 23,557 (16.94%) 26,952 (17.49%) 29,772 (17.98%) 31,578 (18.72%) 111,859 (17.83%)
Other 11 709 (8.42%) 13,999(9.09%) 16,058 (9.70%) 17,895 (10.61%) 59,661 (9.51%)
Missing

Sex Female 109,597 (78.80%) 122,523 (79.53%) 132,175 (79.83%) 135,119 (80.11%) 499,414 (79.60%)
Male 29,486 (21.20%) 31,538 (20.47%) 33,401 (20.17%) 33,547 (19.89%) 127,972 (20.40%)
Missing

ASA class No disturb 669 (0.48%) 500 (0.33%) 598 (0.36%) 652 (0.39%) 2419 (0.39%)
Mild disturb 32,330 (23.30%) 35,362 (23.10%) 36,621 (22.23%) 35,082 (20.89%) 139,395 (22.32%)
Severe disturb 100,292 (72.29%) 111,907 (73.10%) 121,651 (73.86%) 126,168 (75.12%) 460,018 (73.66%)
Life threat/moribund 5442 (3.92%) 5309 (3.47%) 5843 (3.55%) 6054 (3.60%) 22,648 (3.63%)
Missing 350 983 863 710 2906

Pre-op requiring oron No 138 714 (99.73%) 153,632 (99.72%) 165,059 (99.69%) 168,093 (99.66%) 625,498 (99.70%)

dialysis

Yes 369 (0.27%) 429 (0.28%) 517 (0.31%) 573 (0.34%) 1888 (0.30%)
Missing

Pre-op functional Independent 137 652 (98.97%) 152,445 (98.95%) 163,784 (98.92%) 167,074 (99.06%) 620,955 (98.97%)

health status

Partially dependent 970 (0.70%) 1068 (0.69%) 989 (0.60%) 1001 (0.59%) 4028 (0.64%)
Totally dependent 461 (0.33%) 548 (0.36%) 803 (0.48%) 591 (0.35%) 2403 (0.38%)
Missing

Pre-op hypertension No
requiring medication

69,795 (50.18%)

79,715 (51.74%)

86,771 (52.41%) 89,274 (52.93%) 325,555 (51.89%)

Yes 69,288 (49.82%) 74,346 (48.26%) 78,805 (47.59%) 79,392 (47.07%) 301,831 (48.11%)
Missing
Pre-op hyperlipidemia No 103,998 (74.77%) 117,044 (75.97%) 127,682 (77.11%) 129,559 (76.81%) 478,283 (76.23%)

Yes 35,085 (25.23%) 37,017 (24.03%) 37,894 (22.89%) 39,107 (23.19%) 149,103 (23.77%)
Missing
Pre-op renal insuf- No 138,175 (99.35%) 153,075 (99.36%) 164,554 (99.38%) 167,622 (99.38%) 623,426 (99.37%)
ficiency
Yes 908 (0.65%) 986 (0.64%) 1022 (0.62%) 1044 (0.62%) 3960 (0.63%)
Missing

SD, standard deviation; NV, number; ASA, American Society of Anesthesiologists; Distub, disturbance; Pre-op, pre-operative

Discussion

Despite the clear benefits of bariatric surgery, it is very
underutilized, as overall percent procedures performed was
0.164% for BMI > 30 kg/m? and 0.566% for BMI > > 40 kg/
m? among the eligible population, based on the procedure
numbers being performed at all accredited bariatric cent-
ers. This is lower than previously reported utilization of 1%

or less 2. Even if the small number of cases performed in
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non-approved centers of excellence and/or the outpatient
setting was included, it is unlikely to change the conclusion
that access for optimal care is not occurring at an increasing
rate. Alarmingly, while both class I and class III obesity are
on the increase, based on the US population census, there is
a steady decrease in rates for bariatric procedures >40 kg/
m? between 2015 and 2018. When comparing the rates of
increase in the number of surgeries to the number of those
that are eligible, there is a big gap as the number of surgeries
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Table 2 Rate of bariatric

Year  From US Census popula- Percent obesity Population obese =~ Number of bari- Percent bari-
surgery for bOdy2 mass tion estimates (20-<80)! (BMI>30kg/ (BMI>30kg/m?) atric surgeries’ atric surgery*
index > 30 kg/m m2)?

2015 227,206,628 39.6% 89,973,824.69 139,083 0.16%

2016 228,776,475 40.8% 93,340,801.8 154,061 0.17%

2017 231,131,994 42.4% 97,999,965.46 165,576 0.17%

2018 232,512,958 43.6% 101,375,649.7 168,666 0.17%

US United States, BMI body mass index

1. Source: https://data.census.gov/cedsci/

2. Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of obesity and severe obesity among adults:
United States, 2017-2018. NCHS Data Brief, no 360. Hyattsville, MD: National Center for Health Statis-

tics. 2020

3. Source: Metabolic and Bariatric Surgery Accreditation Quality and Improvement Project (MBSAQIP)
database for patients with BMI > 30 kg/m?

4. Calculated as the number of bariatric surgeries for BMI> 30 kg/m? divided by the projected number of
individuals with BMI > 30 kg/m? per 100 population

Compared to number of obese individuals in the US
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Fig. 1 Trends of procedure utilization between 2015 and 2018 for body mass index > 30 kg/m>. a Compared to number of obese individuals in

the USA. b Compared to percent of obese individuals in the USA

is increasing by thousands compared to millions of new obe-
sity patients per year, respectively. However, not all of those
who are potential candidates could undergo surgery, as some
may be poor candidates due to psychological issues or others
factors. However, it is problematic that surgery is lagging
so far behind.

As obesity grows, so do the costs associated with the
disease. Bariatric surgery, despite being an effective treat-
ment of obesity and obesity related co-morbidities, is addi-
tionally less expensive. Obesity is associated with some
of the costliest major health co-morbidities, such as type
IT diabetes mellitus, hypertension, sleep apnea, cardio-
vascular disease, and certain cancers. As previously men-
tion, both direct and indirect costs significantly contribute
to the healthcare burden [4, 5]. In 2017, annual average
cost of medical expenditures for a person diagnosed with

diabetes was $16,752, while one-time cost of surgery
ranges between $14,900 for SG and $23,000 for RYGB
[11].

The reasons for underutilization can be multifactorial
including bias against the obese, a failure to educate the
public, disinformation among health providers, resistance
by employers, and carriers as well as inaction by legisla-
tors. Access to care is a major barrier and many disparities
exist. In a study published in 2010, similar to our findings,
the majority (75%) of patients undergoing bariatric surgery
were white [12]. In addition, 82% had private insurance and
80% had greater median incomes. However, that does not
accurately represent those that are eligible for weight loss
surgery, as the majority of eligible candidates are non-white;
have lower and have less access to healthcare; with a sig-
nificant portion either uninsured or underinsured [12, 13].
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Compared to number of severely obese individuals in the US
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Fig.2 Trends of procedure utilization between 2015 and 2018 for body mass index >40 kg/m> a Compared to number of severely obese indi-
viduals in the USA. b Compared to percent of severely obese individuals in the USA

An informal survey [15] found three major factors that
limited access to care: (1) referring physicians had serious
doubts about the efficacy and safety of the operations, (2)
patients were not informed, and (3) hurdles posed by insur-
ance carriers. Physician bias and perception can play a criti-
cal role as recommendation from a primary care physician
increases the likelihood of a patient considering bariatric
surgery [14]. The physician who is more knowledgeable
about bariatric surgery is more likely to consider referral
[15]. Because there is a discordance between actual and
perceived risks among healthcare providers, teaching and
awareness are crucial [16]. Another survey performed by
the ASMBS and National Opinion Research Center (NORC)
[17] shows that while there is a growing public concern
about the dangers of obesity, only one in three of those with
obesity reported that they have ever spoken with a doctor
about their weight. Furthermore, only 12% of those who
describe themselves as having severe obesity reported that
a doctor had ever suggested they consider bariatric surgery
[17].

Lack of knowledge about insurance coverage can affect
referrals as well. In a national survey of primary care physi-
cians, 59% reported that at least one in four of their patients
had a BMI of 35 kg/m?. However, cost was a perceived
limitation to access to surgery, as more than half believed
that their patients could not afford metabolic surgery [14].
Another study of 16 primary care physicians who partici-
pated in three focus groups regarding metabolic surgery
reported “not knowing if insurance would cover bariatric
surgery” as a one of the five factors that made physicians
hesitate to recommend and refer patients for metabolic
procedures [16]. This is further complicated by insurance
companies themselves making it challenging by demand-
ing arbitrary time periods of pre-operative weight loss effort

@ Springer

documentation, as the benefits of that requirement has been
repeatedly shown to provide no benefit to the patient [18].

Another reason for underutilization of bariatric surgery
is the advances in endoscopic procedures in the treatment
of obesity as well as newer weight loss medications. Endo-
scopic bariatric procedures include endoscopic gastroplasty,
gastric balloons, and the transpyloric shuttle. Despite these
rapid advances, the procedures are typically not be covered
by insurance in the US and do not have long-term data. An
article published in 2018 reported that these procedures may
only account for about 4% of bariatric procedures performed
worldwide [19].

There is also widespread public stigma and lack of
knowledge towards people with obesity and treatment via
metabolic surgery. While the public agrees obesity is a seri-
ous disease, the majority believe that patients who undergo
bariatric surgery choose “the easy way out” and that bariat-
ric surgery is an elective cosmetic procedure [20, 21]. This
perception contradicts the paramount evidence that surgery
remains the most effective treatment and that there is no
other therapy that provides such a broad and salutary effect
on health, function, and quality of life [9, 22-24]. Another
misperception is in regard to the safety profile of surgery.
Despite often-mentioned concerns about complications and
mortality, data across the US for accredited centers prove
that weight loss surgery is remarkably safe, particularly in
light of the underlying high risk of performing surgery in
general in patients with obesity who typically suffer from
multiple comorbidities. An analysis of over 400,000 bariat-
ric procedures performed between 2007 and 2012 reported
a very low 30-day mortality of 0.1% [25], compared to the
mortality of commonly performed procedures like chole-
cystectomy and other foregut procedures, which are higher
(0.27% and 019%, respectively) [26, 27], yet generally
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Table 3 Rate of bariatric

. ) Year From US Census popula- Percent obesity Projected Number of bari- Percent bariatric
surgery tor bodyzmaSb tion estimates (20-<80)! (BMI>40kg/ population atric surgeries®  surgery*
index >40 kg/m m2)? obese
(BMI >40 kg/
m?)
2015 227,206,628 7.70% 17,494,910.36 102,947 0.588%
2016 228,776,475 8.45% 19,331,612.14 113,042 0.585%
2017 231,131,994 9.20% 21,264,143.45 120,902 0.569%
2018 232,512,958 9.95% 23,135,039.32 122,909 0.531%

US United States, BMI body mass index

1. Source: https://data.census.gov/cedsci/

2. Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of obesity and severe obesity among adults:
United States, 2017-2018. NCHS Data Brief, no 360. Hyattsville, MD: National Center for Health Statis-

tics. 2020

3. Source: Metabolic and Bariatric Surgery Accreditation Quality and Improvement Project (MBSAQIP)
database for patients with BMI > 40 kg/m?

4. Calculated as the number of bariatric surgeries for BMI>40 kg/m? divided by the projected number of
individuals with BMI >40 kg/m? per 100 population

believed to be very safe. Perhaps, one explanation is that
both physicians and patients rely on bad examples, such as
complications they may encounter in the hospital or experi-
ences of friends and media perception. Ongoing education is
absolutely vital to ensure that both the public and the medi-
cal community have an accurate understanding of the risks
and benefits of bariatric surgery.

Educating the public and the medical profession is of
outmost importance. Surgeons should work to keep the dis-
cussion going with other healthcare providers and patients,
providing them with accurate data regarding eligibility and
outcomes. Working with insurers is also important in order
to ensure that every who is eligible can have access to sur-
gery. In addition, advocacy, both personal and at societal
level, is crucial.

The strengths of this study include the use of a large
administrative database and the large sample size. Despite
these strengths, there are certain limitations that accom-
pany the use of an administrative database, such as the lack
of clinically rich data and the possibility of coding errors.
We rely on International Classification of Diseases (ICD)-
9, ICD-10, and Current Procedural Terminology (CPT)
coding which does not describe the full clinical picture. In
addition, our numbers are smaller compared to the numbers
reported by the ASMBS, as MBSAQIP only collects data
from accredited institutions and does not account for those
procedures performed at outpatient centers and non-accred-
ited institutions. As the CDC only reports rates of obesity
(BMI > 30 kg/m?) and severe obesity (BMI>40 kg/m?)
(Table 3), we could not examine the growth rate of patients
with BMI > 35 kg/m? which is often considered to be a cut-
off for bariatric surgery. However, we accounted for that by
comparing procedure numbers of BMI > 30 kg/m? using the
MBSAQIP. In addition, we had to exclude patients below

age 20, as the US Census database only includes ages 20-80.
Despite these limitations, this is the first study to evaluate
the rates of utilization compared to the rate of increase in
obesity in the USA.

Conclusion

The rate of increase in obesity and utilization of bariatric
surgery are not congruous and bariatric surgery is greatly
underutilized. The underutilization is multifactorial and
largely related to healthcare and public misperception, mala-
lignment of treatment paradigms, and insurance policies. We
must continue to educate the public, our medical colleagues,
the carriers, and legislators.
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