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Abstract
Objective Bariatric surgery has been shown to be the most
effective method of achieving weight loss and alleviating
obesity-related comorbidities. Yet, it is not being used equita-
bly. This study seeks to identify if there is a disparity in payer
status of patients undergoing bariatric surgery and what fac-
tors are associated with this disparity.
Methods We performed a case-control analysis of National
Inpatient Sample. We identified adults with body mass index
(BMI) greater than or equal to 25 kg/m2 who underwent bar-
iatric surgery and matched them with overweight inpatient
adult controls not undergoing surgery. The sample was ana-
lyzed using multivariate logistic regression.

Results We identified 132,342 cases, in which the majority had
private insurance (72.8%). Bariatric patients were significantly
more likely to be privately insured than any other payer status;
Medicare- and Medicaid-covered patients accounted for a low
percentage of cases (Medicare 5.1%, OR 0.33, 95% CI 0.29–
0.37, p < 0.001; Medicaid 8.7%, OR 0.21, 95% CI 0.18–0.25,
p < 0.001). Medicare (OR 1.54, 95% CI 1.33–1.78, p < 0.001)
andMedicaid (OR 1.31, 95% CI 1.08–1.60, p = 0.007) patients
undergoing bariatric surgery had an increased risk of complica-
tions compared to privately insured patients.
Conclusions Publicly insured patients are significantly less
likely to undergo bariatric surgery. As a group, these patients
experience higher rates of obesity and related complications
and thus are most in need of bariatric surgery.
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Introduction

Obesity in the USA has become one of the greatest public
health epidemics, impacting and affecting all economic
levels of society and leading to approximately 400,000
deaths per year, second only to smoking [1]. Since the
1960s, adult obesity rates have nearly tripled with approx-
imately 35% of American adults considered obese and
these rates are predicted to keep significantly increasing
over the next 15 years [2, 3]. Studies have shown that the
prevalence of morbid obesity, defined as a body mass in-
dex (BMI) ≥40 kg/m2, is, in fact, increasing even faster
than other obesity classes and it is additionally predicted
that the percentage of adults with a BMI >45 will double
from 2.1% in 2004 to 4.4% by 2020 [4, 5]. This is a terri-
fying prospect for healthcare professionals and, more

Study Importance
What Is Known:
• The economic burden of obesity is well documented with substantial
disparities in healthcare costs between moderate and severe obesity.
• A negative relationship exists between socioeconomic status and
income with BMI.
• Bariatric surgery is not an accessible or viable option for all patients
even if deemed medically suitable and optimized for surgery.
Study Adds:
• Publicly insured patients are significantly less likely to undergo bariatric
surgery.
• Publicly insured patients experience higher rates of obesity and related
complications and thus are most in need of bariatric surgery.
• Self-pay insurance status decreased the risk of postoperative complica-
tions after bariatric surgery.
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importantly, for patients as obesity and its associated co-
morbidities create medical challenges, complicated cases,
and financial burdens. Obesity leads to cardiovascular dis-
ease, diabetes, dyslipidemia, osteoarthritis, obstructive
sleep apnea, depression, malignancy, and gastroesophageal
reflux disease, and the prevalence of these obesity-related
comorbidities is found to be highest among those with
morbid obesity [6]. Having a BMI >40 is furthermore
shown to correlate with a significant reduction in the life
span of 10 years, and a meta-analysis of 97 studies dem-
onstrated that a BMI >35 is associated with significantly
higher all-cause mortality [7, 8].

Obesity not only negatively impacts health but also is an
economic phenomenon, creating direct and indirect costs that
are more considerable than those for any other primary disease
within today’s generation. The economic burden of obesity is
well documented with substantial disparities in healthcare costs
between moderate and severe obesity [9, 10]. And even though
the obesity phenomenon is widespread and rather non-discern-
ing, studies do show that a negative relationship exists between
socioeconomic status and income with BMI, particularly
among women [11–14].

With such widespread detrimental effects of obesity in-
vading various aspects of society, it is intuitive to under-
stand why bariatric surgery has exploded as an excellent
surgical solution to this complicated epidemic. In the late
1990s, there were only 12,000 bariatric cases performed
per year and now it is estimated there are over 100,000
cases performed per year [15]. Bariatric surgery has be-
come the treatment of choice for patients with a BMI >40
or a BMI >35 with comorbidities [16]. It not only leads to
significant decreases in risk factors and long-term, sustain-
able weight loss but also confers a survival advantage in
surgical patients [17]. Additionally, with a return to lower
BMI, a meta-analysis demonstrated that bariatric surgery is
effective in financial models and leads to reductions in
healthcare costs by improving quality of life and decreas-
ing comorbidities [18].

Unfortunately, bariatric surgery is not an accessible or
viable option for all patients even if deemed medically
suitable and optimized for surgery. Many candidates are
either delayed or denied undergoing this effective proce-
dure secondary to a lack of insurance coverage. Studies
show that these delays and insurance rejections lead to an
astonishing statistically significant threefold increase in
mortality [19]. Therefore, lower-socioeconomic patients
not only are more inclined to be obese but also often have
inadequate insurance coverage secondary to income that
does not cover bariatric surgery. Thus, the patient with
obesity continues to have increased healthcare costs asso-
ciated with obesity, creating a self-sustaining cycle that
negatively impacts not only the individual but also the
country’s economy.

This study seeks to further illuminate whether a disparity in
payer status exists in patients undergoing bariatric surgery and
what factors are associated with such disparity such that we
can ultimately improve upon healthcare reform to eliminate
such inequities.

Methods

This study is a retrospective case-control study. The principle
outcomes were to evaluate whether certain factors (i.e., payer
status, demographics, and hospital attributes) are associated
with bariatric surgery and/or outcomes of bariatric surgery.
Data was derived from the Nationwide Inpatient Sample
(NIS) database for the years 2003–2010. The Nationwide
Inpatient Sample is part of the Healthcare Cost and Utilization
Project (HCUP), sponsored by the Agency for Healthcare
Research and Quality. This is the largest all-payer inpatient care
database that is publicly available in the USA. It contains data
from approximately eight million hospital stays from about
1000 hospitals sampled to approximate a 20% stratified sample
of US community hospitals. The NIS database is a publicly
available de-identified database that is exempt from the approv-
al of the institutional review board [20]. The International
Classification of Disease, 9th Revision (ICD-9) was used in
defining the parameters of the study.

Cases included adult (≥18 years) inpatients with a BMI of
more than or equal to 25 kg/m2 and those who underwent
bariatric surgery. Controls were randomly selected with a ratio
of 5 (controls):1 (case) from a patient with a BMI ≥25 kg/m2

and who did not undergo bariatric surgery.

Objectives

The primary objective was to examine if certain demographics,
economic characteristics, and hospital attributes are associated
with bariatric surgery. Factors of interest included (i) age (<35,
35–<65, and ≥65 years old), (ii) gender, (iii) race (White, Black,
Hispanic, Asian/Pacific Islander, Native American, other), (iv)
service payer (private, Medicare, Medicaid, self-pay), (v) mod-
ified Charlson Comorbidity Index Score (CCIS) (0, 1, and
≥24), (vi) hospital region (northeast, Midwest, west, south),
(vii) hospital location (rural, urban), and (viii) hospital teaching
status (non-teaching, teaching).

The secondary objective of the study was to assess factors
associated with outcomes of bariatric surgeries. Those out-
comes included (i) postoperative complications (none vs.
one or more of cardiovascular, pulmonary, urinary, bleeding,
infectious, and wound complications) and (ii) length of stay
(LOS), categorized based on quartile classification into short
stay (≤75th percentile, ≤3 days) vs. long stay (>75th percen-
tile, >3 days).
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Other independent factors considered for confounding ef-
fect included (i) surgeon volume, calculated based on the an-
nual frequency of bariatric surgeries performed by each sur-
geons and then categorized based on quartile classification
into low volume (≤25th percentile, ≤45 surgeries/year), inter-
mediate volume (>25th–75th percentile, 46–174 surgeries/
year), and high volume (>75th percentile, ≥175 surgeries/
year), and (ii) hospital volume, calculated based on the annual
frequency of bariatric surgeries performed in each hospital and

then categorized based on quartile classification into low vol-
ume (≤25th percentile, ≤109 surgeries/year), intermediate vol-
ume (>25th–75th percentile, 110–374 surgeries/year), and
high volume (>75th percentile, ≥375 surgeries/year).

Statistical Analysis

In our analysis, we used weighted data reflecting a national
estimate. The records’ weights are available in the NIS data

Table 1 Descriptive statistics of
the study population Sample population

(N = 768,662)
Bariatric cases
(N = 132,342)

Controls
(N = 636,320)

pa

Age (years)

<35 13.4 22.0 11.6

35–<65 60.5 74.2 57.6

≥65 26.1 3.8 30.8 <0.001

Gender

Male 33.5 20.6 36.2

Female 66.5 79.4 63.8 <0.001

Race

White 70.0 73.6 69.2

Black 16.7 12.6 17.6

Hispanic 9.3 9.1 9.3

Asian/Pacific
Islander

0.8 0.6 0.9

Native American 0.6 0.7 0.6

Other 2.5 3.4 2.4 <0.001

Service payer

Medicare 35.9 10.6 41.2

Medicaid 13.1 6.7 14.5

Private 42.0 72.8 35.7

Self-pay 5.2 6.5 4.9

No charge 0.5 0.2 0.6

Other 3.2 3.3 3.1 <0.001

Charlson Comorbidity Index Score

0 36.2 49.9 33.3

1 32.9 36.7 32.1

≥2 31.0 13.4 34.6 <0.001

Hospital region

Northeast 21.8 31.0 19.9

Midwest 17.1 12.9 17.9

South 39.7 32.0 41.3

West 21.4 24.2 20.8 <0.001

Hospital location

Rural 9.4 3.3 10.7

Urban 90.6 96.7 89.3 <0.001

Hospital teaching status

Non-teaching 55.5 50.5 56.6

Teaching 44.5 49.5 43.4 0.037

a Chi-square test
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and calculated based on the stratification variables that were
used in sampling methodology. These variables include hos-
pital geographic region, urban/rural location, teaching status,
bed size, and ownership. Cross-tabulation and chi-square tests
were used to examine the association between each of the
independent factors and the outcome of interest. Factors with
significant association were considered possible confounders
and were included in multivariate logistic regression models.
Multivariate logistic regression models were used to calculate
the odds ratio (OR) and 95% CI. A linear regression model
was applied to determine incidence growth rate for 8 years

beyond the study period. Significance level was set at an alpha
of 0.05. All data analyses were performed using SAS 9.3 for
Windows (SAS Institute, Inc., Cary, NC, USA).

Results

Study Population

We identified 132,342 patients in the NIS database who
underwent bariatric surgery between 2003 and 2010

Table 2 Multivariate model for
the characteristics of population
who underwent bariatric surgeries
as compared to controls and for
factors that showed significant
association in the univariate
models

Factor % bariatric surgery Adjusted ORa 95% CI p

Age (years)

<35 28.3 Reference

35–<65 21.1 0.71 0.68, 0.74 <0.001

≥65 2.5 0.13 0.12, 0.14 <0.001

Gender

Male 10.6 Reference

Female 20.6 2.32 2.25, 2.40 <0.001

Race

White 18.1 Reference

Black 13.0 0.62 0.56, 0.68 <0.001

Hispanic 16.9 0.78 0.68, 0.89 <0.001

Asian/Pacific Islander 11.7 0.45 0.32, 0.65 <0.001

Native American 18.6 1.07 0.62, 1.87 0.80

Other 23.0 1.24 0.99, 1.54 0.06

Service payer

Private 29.8 Reference

Medicare 5.1 0.33 0.29, 0.37 <0.001

Medicaid 8.7 0.21 0.18, 0.25 <0.001

Self-pay 21.6 0.72 0.56, 0.93 0.012

Charlson Comorbidity Index Score

0 23.7 Reference

1 19.2 1.04 0.99, 1.08 0.11

≥2 7.5 0.55 0.50, 0.60 <0.001

Hospital region

Northeast 24.4 Reference

Midwest 13.0 0.50 0.33, 0.75 0.001

South 13.9 0.52 0.40, 0.66 <0.001

West 19.5 0.71 0.52, 0.98 0.038

Hospital location

Rural 6.1 Reference

Urban 18.4 2.98 1.97, 4.52 <0.001

Hospital teaching status

Non-teaching 15.6 Reference

Teaching 19.2 1.07 0.85, 1.36 0.55

OR odds ratio, CI confidence interval
a The model includes age, gender, race, service payer, Charlson Comorbidity Index Score, hospital region,
hospital location, and hospital teaching status
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(Table 1). The average age of the study population was
53.6 years, and the majority was female (66.5%) and White
(70.0%). Forty-two percent of the study population had pri-
vate insurance, and the average LOS of bariatric surgery per
case was 2.5 (±0.04) days.

Unadjusted Analysis

Bariatric patients were significantly more likely to be between
35 and 65, female, white, and privately insured than controls.
They were also more likely to have no comorbidities. Cases
were more likely to be in the northeast at an urban, teaching
hospital. Private insurance accounted for 72.8% of payer sta-
tus of bariatric patients, whereas Medicare and Medicaid only
accounted for 10.6 and 6.7%, respectively. Self-pay covered
only 4.9% of controls, while self-pay accounted for 6.5% of
bariatric patients (Table 1).

Adjusted Analysis

After adjusting for age, race, Charlson Comorbidity Index
Score, hospital region, location, and teaching status, bariatric
patients were significantly more likely to be privately insured
than any other payer status; Medicare- and Medicaid-covered
patients accounted for a low percentage of cases (Medicare
5.1%, OR 0.33, 95% CI 0.29–0.37, p < 0.001; Medicaid
8.7%, OR 0.21, 95% CI 0.18–0.25, p < 0.001). Table 2 shows
the multivariate model of characteristics of the bariatric surgery
population compared to controls who did not undergo bariatric

surgery. For post-bariatric surgical complications, using private
insurance as the reference group, the odds ratio for a risk of
complications is 1.54 in the Medicare group (95% CI 1.33–
1.78, p < 0.001) and 1.31 in the Medicaid group (95% CI
1.08–1.60, p = 0.007). Self-pay status carries a decreased risk,
with an odds ratio of 0.81 (95% CI 0.66–0.997, p = 0.047)
compared to the privately insured reference group (Table 3).

There was not a significant association between payer sta-
tus and in-hospital mortality, so payer status was not included
in the multivariate model for the risk of in-hospital mortality.
Similarly, there was no significant association of payer status
with a risk of health services costing greater than the 75th
percentile ($16,153.06).

When examining a multivariate model for the risk of ex-
tended hospital length of stay (>75th percentile, >3 days),
Medicare and Medicaid again appear to be risk factors with
odds ratios of 1.73 (95% CI 1.51–1.98, p < 0.001) and 2.29
(95% CI 1.92–2.73, p < 0.001), while self-pay patients have a
decreased risk of extended hospital stay, with an odds ratio of
0.58 (95% CI 0.48–0.70, p < 0.001) (Table 4).

Discussion

In this case-control analysis of approximately 130,000 inpa-
tients with obesity, we discovered that patients with Medicare
or Medicaid were significantly less likely to undergo bariatric
surgery than privately insured patients, suggesting that cost
and access to care may be barriers to a lifesaving operation.

Table 3 Multivariate model for
the risk of post-bariatric surgery
complications and for factors that
showed significant association in
the univariate models

Factor % complications (one or more) Adjusted ORa 95% CI p

Age (years)

<35 4.2 Reference

35–<65 6.6 1.38 1.26, 1.52 <0.001

≥65 12.2 1.48 1.20, 1.84 <0.001

Gender

Male 7.7 Reference

Female 5.9 0.81 0.74, 0.88 <0.001

Service payer

Private 5.7 Reference

Medicare 11.6 1.54 1.33, 1.78 <0.001

Medicaid 6.5 1.31 1.08, 1.60 0.007

Self-pay 4.8 0.81 0.66, 0.997 0.047

Charlson Comorbidity Index Score

0 5.0 Reference

1 6.4 1.17 1.09, 1.26 <0.001

≥2 10.8 1.74 1.55, 1.96 <0.001

OR odds ratio, CI confidence interval
a The model includes age, gender, service payer, Charlson Comorbidity Index Score, surgeon volume, hospital
volume, hospital region, and hospital location
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Payer status affects surgical care; this is consistent with other
current literature. Santry et al. showed similar results with the
majority of bariatric patients being middle aged, white, female,
and having private insurance [21]. Another study looked at the
characteristics of the bariatric patient at both a private practice
and an academic institution; 0% of patients at the private prac-
tice were federally funded whereas 28% were at the academic
institution, which was statistically significant [22]. This dispar-
ity found in bariatric patients may be attributed to multiple
mechanisms. First, the low payment generosity from public
insurance has been found to be a significant component in phy-
sicians’ decisions to deny services to these patients [23–26].
Public insurance results in decreased payment to physicians
and to hospitals, resulting in decreased reimbursements for both
in comparison with private insurance [27]. Furthermore, public-
ly insured patients have on average longer lengths of stay and
accrue significantly higher total hospital charges [28]. This
could be secondary to the fact that public insurance covers the
elderly and the disabled who have more comorbidities resulting
inmore complicated hospital stays. This study, however, did not
find a significant difference between payer status and total hos-
pital charges although the disparity in length of stay was

replicated. Additionally, surgeonsmay take a patient’s socioeco-
nomic status into consideration when evaluating for surgery to
the detriment of the patient. Low socioeconomic status can be-
come a barrier to a significant recovery secondary to a potential
lack of transportation or inability to cover indirect costs neces-
sary for care, resulting in a negative outcome. However, studies
have shown this is not the case. Publicly funded patients did as
well as the privately funded group in bariatric surgery, having on
average the same amount of weight loss and similar reductions
in medications for comorbidities and a similar percentage of
patients in both groups were able to procure new employment
postoperatively [29].

Our study also revealed that having Medicare or Medicaid
insurance increased the risk of complications after bariatric
surgery whereas self-pay insurance status decreased the risk
of postoperative complications. Other retrospective analyses
showed similar findings with publicly insured patients having
more postoperative complications and increased morbidity
and mortality in comparison to privately insured and self-
pay patients [28]. This finding is not just demonstrated in
bariatric surgery. LaPar et al. reviewed nearly 900,000 major
surgical operatives including gastrointestinal cases, orthopedic

Table 4 Multivariate model for
the risk of hospital length of stay
(LOS) >75th percentile (>3 days)
and for factors that showed
significant association in the
univariate models

Factor % LOS >3days Adjusted ORa 95% CI p

Age (years)

<35 9.4 Reference

35–<65 13.0 1.28 1.18, 1.39 <0.001

≥65 21.1 1.25 1.03, 1.52 0.023

Gender

Male 14.2 Reference

Female 12.1 0.82 0.77, 0.87 <0.001

Race

White 12.3 Reference

Black 14.5 1.28 1.13, 1.44 <0.001

Hispanic 12.1 1.03 0.79, 1.34 0.81

Asian/Pacific Islander 9.4 0.71 0.30, 1.70 0.44

Native American 8.2 0.71 0.49, 1.01 0.06

Other 10.9 0.82 0.63, 1.06 0.13

Service payer

Private 11.2 Reference

Medicare 21.6 1.73 1.51, 1.98 <0.001

Medicaid 19.1 2.29 1.92, 2.73 <0.001

Self-pay 6.7 0.58 0.48, 0.70 <0.001

Charlson Comorbidity Index Score

0 10.2 Reference

1 12.8 1.21 1.13, 1.29 <0.001

≥2 20.3 1.84 1.64, 2.07 <0.001

OR odds ratio, CI confidence interval
a The model includes age, gender, race, service payer, Charlson Comorbidity Index Score, surgeon volume,
hospital volume, and hospital location
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cases, and cardiac cases using the NIS database and found that
Medicaid and uninsured payer status bestows a significantly
increased risk-adjusted mortality [30]. Other data has demon-
strated that Medicaid patients receiving vascular surgery have
more severe disease thanmatched privately insured patients and
a higher adjusted mortality rate after trauma surgery [31, 32].
Medicare andMedicaid patients as a population are at an inher-
ently higher risk of poor outcomes than the regular population
as these patients are either older than 65 or severely disabled.
However, even with an increase in complication rates after
surgery, Martin et al. found that the publicly funded population
ultimately did as well as the privately funded group in bariatric
surgery in terms of weight loss and decreasing comorbidities,
indicating that even if risks are considerable to publicly
employed patients, they still receive significant advantage from
bariatric surgery [29].

Ultimately, this study brings up several important questions
that facilitate the need for future studies. These disparities in
payer status seem to stem from a wide combination of factors
related to both the system and current medical culture.
Additional concerns include potential motivating factors for
surgeons to operate on privately insured patients and surgeon
experience contributing to increased complication rates.
However, these are all assumptions and thus are questions that
need to be assessed by future studies. Public coverage of bar-
iatric surgery could lead to cost savings. Furthermore, there is
an economic benefit to increasing access to bariatric surgery.
Insurance companies currently contend that individuals will
have to pay more annually if surgical options for treatment are
made available to all optimal candidates. While this is true,
short-term and long-term estimates, 5 to 20 years after initiat-
ing the coverage, predict healthcare costs to substantially de-
crease [33]. Other studies have found similar results, also con-
cluding that bariatric surgery over a lifetime can lead to sub-
stantial cost savings to healthcare systems [34–39]. Thus, we
can assume that an increase in the utilization of bariatric sur-
gery may lead to a decrease in cost due to remission of
obesity-related comorbidities.

Strengths of this study include large sample size and com-
pleteness of the NIS dataset used. Our results are generalizable
to most of the population as the NIS represents 97% of inpa-
tient discharges. There are also several limitations present in
this study. First, even though the NIS database provides a large
database, it is based on administrative coding and thus has
inherent limitations from potential insufficient coding or cod-
ing errors. Second, as this is a case-control study, there is
possibility for selection and information bias that cannot be
disregarded. The study design also relies on others for accu-
rate record keeping, and thus, it is not possible to definitively
trust the reliability of the dataset. Furthermore, we considered
the hospital charges equivalent to cost which cannot be con-
sidered an accurate measure. Finally, we cannot determine
causality of any of the associations.

Conclusion

Publicly insured patients are less likely than privately insured
and self-paying patients to undergo bariatric surgery and have
significantly higher postoperative complications. This could
be due to a myriad of factors including prohibitive direct and
indirect costs to patients, insurance criteria, and motivations of
surgeons. These factors need to be further explored and inves-
tigated in order to implement a necessary fundamental change
in our health system in order to end the coverage gap between
private and publicly insured patients.
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