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Metabolic and bariatric surgery (MBS) is an increasingly common
treatment option for individuals with severe obesity, but utilization
disparities remain with race and ethnic minority groups completing the
procedure less frequently than non-Hispanic Whites. We examined the
trends in MBS procedure types and prevalence of utilization by race and
ethnicity among Florida inpatients.

Discharge records with any MBS using the International Classification of
Diseases 9th or 10th edition Procedure Coding System (ICD-PCS), were
extracted from the Florida Agency for Health Care Administration (AHCA)
inpatients’ data (2006 to 2017). Those who completed either Laparoscopic
Roux-en-Y Gastric Bypass (RYGB), Sleeve Gastrectomy (SG),
Laparoscopic Adjustable Gastric Banding (LAGB), LAGB Revision and
Repair (LAGBREV), or LAGB Removal (LAGBREM) were included in the
analysis. Cochran-Mantel-Haenszel tests evaluated the trend over time for

Background | Approximately 9.2% of United States
(US) adults (6.9% of men and 11.5% of women)* have
severe obesity, defined as a body mass index (BMI;
measured in weight in kilograms over height in meters
squared or kg/m?) over 40 kg/m?. In Florida, 37.1% of
the population has obesity with racial and ethnic
groups disproportionately impacted?.  Specifically,
Non-Hispanic Black (NHB) individuals have a higher
prevalence (13.8%) of severe obesity compared to
non-Hispanic White (NHW) (9.3%) and Hispanic
individuals (7.9%)!. Obesity is a risk factor for
multiple diseases, including coronary heart disease,
stroke, type 2 diabetes, non-alcoholic fatty liver
disease, osteoarthritis, and certain types of cancers,
and is a significant burden on the health care system?.

As the trends in severe obesity continue to rise, with
projections estimating that by 2030, 10% of all adults
in the US will be severely obese, examining trends in
treatment utilization is important*. Metabolic and
bariatric surgery (MBS) is an increasingly common
treatment option for individuals with severe obesity.
In 2011, an estimated 158,000 MBS procedures were
performed, the use of MBS increased among youth
and adults in the US. The eligibility criteria
established by the National Institutes of Health (NIH)
included adults with a BMI >= 40 kg/m? or BMI >=
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35 kg/m? with at least one comorbidity or BMI 30
kg/m? with a serious health problem linked to obesity”
10, Major updates to the NIH guidelines were recently
published':: MBS is now recommended for
individuals with a body mass index (BMI)>= 35
kg/m?, regardless of presence, absence, or severity of
co-morbidities.  For individuals with metabolic
disease, the new guideline!! threshold of BMI is 30-
34.9 kg/m?.

The use of MBS has increased 10-fold worldwide in
the past twenty years®. Additionally, as MBS has
evolved and with the development of laparoscopic
surgery, usage continues to rise®. The most common
procedures include sleeve gastrectomy (SG), Roux-
en-Y (RYGB), and laparoscopic adjustable gastric
band (LAGB). According to English et al.'?, the types
of MBS performed have changed over the years, with
SG having a large growth trend since 2011 (> 346%),
while gastric band procedures have decreased by 87%
since 2011. However, fewer studies have examined
the trends of MBS procedures in Florida.

Disparities in severe obesity and MBS outcomes
have been shown to exist, with racial-ethnic minorities
often having less weight loss, longer hospital lengths
of stay, and more readmission rates!®,  Studies to
determine potential disparities in the utilization of
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MBS by race-ethnic groups are scarce in Florida. With
rising severe obesity proportions, it is crucial to
understand these trends in MBS procedures and how
these trends could differ by race-ethnic groups.
Therefore, this study aimed to examine the (a) patterns
of MBS by procedure types and (b) trends of each
MBS utilization by race and ethnicity in Florida.

Methods | Study Database and Population

The Florida Agency for Health Care Administration
(AHCA) inpatient data from 2006 to 2017 were
retrospectively examined. The AHCA maintains an
administrative database that includes discharge and
financial data from all long-term acute, short-term
acute, and short-term acute care psychiatric hospitals
in Florida'*. The Institutional Review Board approval
at University of Miami was exempt from secondary
analysis study of de-identified AHCA data.

Metabolic and Bariatric Surgery Procedure Types
Patients who underwent any MBS were identified
using the International Classification of Diseases 9th
edition Procedure Coding System (ICD-9-PCS) for
years 2006 to 2015 (codes: 43.82, 43.89, 44.38, 44.68,
44.95, 44.96, 44.97) and ICD 10th edition Procedure
Coding System (ICD-10-PCS) for years 2015 to 2017
(codes: 0DB6423, 0DB60ZZ, 0DB63ZZ, 0DB67ZZ,
0D16479, 0D1647A, 0D164J9, 0D164JA, 0D164KO9,
OD164KA, 0D164z9, 0D164zZA, 0DQ64zZ,
0DV64CZ, 0DW643Z, 0DW64CZ, 0DP643Z,
0DP64CZ). The ICD-9 codes were used in the earlier
part of 2015 and switched to the ICD-10 codes in the
latter part of 2015. These codes were further
categorized into five main procedures: Laparoscopic
Roux-en-Y Gastric Bypass (RYGB) [ICD-9: 44.38;
ICD-10: 0D16479, 0D1647A, 0D164J9, OD164JA,
0D164K9, 0D164KA, 0D16479, 0D164ZA], Sleeve
Gastrectomy (SG) [ICD-9: 43.82, 43.89; ICD-10:
0DB64z3, 0DB60ZZ, 0DB63ZZ, 0DB67ZZ],
Laparoscopic Adjustable Gastric Banding (LAGB)
[ICD-9: 44.68, 44.95; ICD-10: 0DV64CZ],
Laparoscopic Adjustable Gastric Banding Revision
and Repair (LAGBREV)[ICD-9: 44.96; ICD-10:
0DV64CZ, 0DwWe43Z, 0DW64CZ], and
Laparoscopic Adjustable Gastric Banding Removal
(LAGBREM) [ICD-9: 44.97; ICD-10: 0DP643Z,
0DP64CZ]. Of 34,203,104 inpatient discharge
records in Florida in 12 years (2006-2017), our
analysis was restricted to 90,845 records with known
MBS codes.

Covariates

There were four mutually exclusive race-ethnic groups
[non-Hispanic White (NHW), non-Hispanic Black
(NHB), Hispanic, and Other). Age (years) and
hospital length of stay (days) were treated as
continuous variables.  Self-reported gender was
dichotomized as female and male. Based on BMI
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[weight (kg)/height (m)?], weight status was
categorized using the International Classification of
Diseases 9™ (2006-2015) or 10" (2015-2017) edition
Clinical Modification codes (ICD-9-CM or ICD-10-
CM) to classify as overweight, obese, severely obese,
and unknown. For accuracy, V- and Z-codes were
used to cross-validate the weight status designated by
the ICD-9-CM and ICD-10-CM codes, respectively.
Four insurance categories were created: (1)
commercial (health maintenance organization (HMO),
preferred provider organization (PPO) insurance, or
commercial liability coverage); (2) Federal (Medicare,
Medicare Managed care, Tri-care, or other federal
government-sponsored  insurance); (3)  State
(Medicaid, Medicaid managed care, worker’s
compensation, or other state or local government-
sponsored insurance); and (4) Uninsured or
Underinsured (self-pay, non-payment, kid-care, or
others). The type of admission was dichotomized
(emergency versus non-emergency).

Statistical Analysis

Descriptive data analysis of categorical variables was
performed with frequencies and percentages, whereas
means, standard deviations, and other measures of
dispersion were computed for continuous variables.
Types of MBS procedures and race-ethnic groups in
each year were evaluated using the Chi-Square tests.
Hypothesis testing was conducted using Chi-Square or
Fisher’s Exact test for categorical variables and
Student’s t-test or Kruskal-Wallis test for continuous
variables. The Cochran-Mantel-Haenszel statistic was
used to evaluate the trend over time of a specific MBS
procedure by four race-ethnic groups. The p-value of
< 0.05 was used as a statistically significant threshold.
SAS v9.4 (SAS Institute Inc., Cary, NC, USA)
software was used for data management and analyses.

Results | The analytical sample included a total of
90,845 records. The average (+ standard deviation or
SD) age was 47 (+ 14) years. The race-ethnic
breakdown was 61.7% NHW, 18.0% Hispanic, 17.2%
NHB, and 3.1% Other. The sample was
predominantly NHW (61.7%), and female (75.5%).
Fifty percent of patients had commercial insurance and
92.3% had severe obesity. The average (+ SD) length
of hospital stay was 2.5 (+ 4.5) days. Most (96%)
patients were admitted as non-emergency type (Table
1).

MBS procedures by year trends were statistically
significant (p < 0.05). RYGB procedures decreased
from 65.6% (2006) to 20.3% (2017) while conversely,
SG procedure increased from 8.7% (2006) to 75.3% in
2017. LAGB procedure decreased from 24.5% in
2006 to 0.3% in 2017. The removal of LAGB
(LAGBREM) became more frequent over time,
whereas the revision procedure (LAGBREV)
remained constant over time (Figure 1).
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The number of all MBS procedures combined
increased from 4,272 in 2006 t011,821 in 2017 In the
12-years, SG (45.1%) was the most common
procedure, followed by RYGB (38.9%), LAGB
(12.0%), LAGBREM (3.1%), and LAGBREV (0.9%)
(data not shown).

The trends in utilization of three main procedures
(SG, RYGB, and LAGB) by race-ethnicity were
illustrated in Figures 2 to 4. Race-ethnic group
differences and trend tests in Figures 2, 3, and 4 were
statistically significant at p < 0.05. The SG procedure
increased over time for all race-ethnic groups (p <
0.05). In 2006, the highest proportion of SG recipients
was NHW (65.8%), followed by Hispanic (17.5%),
NHB (14.3%), and Other (2.4%). In 2017, however,
the highest proportion of SG recipients was NHW
(52.9%), followed by NHB (23.4%), Hispanic
(19.8%), and Other (3.9%) (Figure 2).

The laparoscopic RYGB procedure utilization for
NHW declined from 69.5% in 2006 to 60.8% in 2017,
while utilization remained stable among NHB over
time. However, Hispanics received more RYGB
procedures over time (13.4% in 2006 to 20.2% in
2017). Likewise, the use of RYGB increased in the
Other group (2.1% in 2006 to 4.1% in 2017) (Figure
3).

As observed for the RYGB procedure, utilization of
LAGB for NHW declined from 80% in 2006 to 61.5%
in 2017. The use of LAGB increased for all other
groups comparing the proportions from 2006 to 2017:
6.2% to 17.9% in Hispanic, 12.5% to 15.4% in NHB,
and 1.2% to 5.1% in Other. Recipients of LAGB were
the highest among NHW, followed by NHB, Hispanic,
and Other in 2006. In 2017, recipients of LAGB
remained the highest among NHW, followed by
Hispanic, NHB, and Other (Figure 4).

As depicted in Figure 1, small proportions of
inpatients underwent the removal (LAGBREM) and
the revision (LAGBREV) procedures. However,
LAGBREM became more frequent over time, whereas
the revision procedure (LAGBREV) remained
constant (Figure 1). As in other standard MBS
procedures (SG, RYGB, LAGB), statistically
significant (p < 0.05) differences among race-ethnic
groups were observed for LAGBREM and
LAGBREV. The trend test for LAGBREV by race-
ethnicity was significant, but it was not significant (p
= 0.29) for LAGBREM. While the removal surgery
was stable for NHW, it increased in the NHB (8.7% in
2006 to 15.6% in 2017) and decreased in the Hispanic
(17.4% in 2006 to 7.8% in 2017). The revision trends
were the same as the removal procedure: increasing in
the NHB (3.4% in 2006 to 12.4% in 2017) and
decreasing in the Hispanic (17.2 % in 2006 to 8.2% in
2017). The utilization of LAGBREV was the highest
among the NHW and the lowest among the Other,
which was observed for all other MBS procedures
(SG, RYGB, LAGB, LAGBREM) (Data now shown).
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The most common procedure was RYGB (range:
46.6 — 65.6%) from 2006 to 2012. From 2013 to 2017,
the most common procedure changed to SG (range:
55.3 — 75.3%). In 2006 (n=4,272), the most common
procedure was RYGB (65.6%), followed by LAGB
(24.5%), SG (8.7%), LAGBREV (0.7%), and
LAGBREM (0.5%). In 2017 (n=11,821), the most
common procedure was SG (75.3%), followed by
RYGB (20.3%), LAGBREM (3.2%), LAGBREV
(0.8%), and LAGB (0.3%).

Regardless of procedure type, NHWs were the
highest recipient group proportionally of completing
MBS in all years. More NHBs received LAGB
compared to Hispanic patients in all years except
2017. More Hispanics received RYGB than their
NHB counterparts in most years except 2007 and
2008. However, a steady decline in the RYGB trend
(25.0% in 2011 to 20.2% in 2017) among Hispanics
was observed. Conversely, the frequency of Hispanic
receiving SG steadily increased from 13.6% in 2008 to
about 20% in later years. The SG usage also increased
over time for the NHBs. The LAGB use in NHBs over
time is primarily stable, with an interesting spike in
2016 (37.5%).

Discussion | MBS has positive effects on weight loss
and resolving obesity-related metabolic conditions
(e.g., type 2 diabetes). Although it is recognized as an
important treatment for severe obesity, MBS remains
underutilized, considering the increasing prevalence
of severe obesity.

Similar to previous national and international
studies'>?8, SG outnumbered RYGB and LAGB over
time, with increasing trends in the use of SG and
decreasing usage of LAGB and RYGB usage.
Additionally, we found significant differences in MBS
types by race-ethnicity and MBS trends over time in
four race-ethnic groups. Race-ethnic comparison
studies were scarce but Landin et al.,'® found that
higher proportions of minority adults (NHB, Hispanic)
utilized MBS from 2015 to 2018 in the US. A more
recent study® indicated an increasing trend in MBS
utilization in minority groups as well in the US.

An increasing trend in the SG procedure over the past
decade® is often attributed to short and medium-term
favorable  metabolic  outcomes and  lower
complications compared to RYGB?. The American
Society of Metabolic and Bariatric Surgery (ASMBS)
approved SG as a bariatric procedure in 2011%,
According to Kzy and colleagues, SG increased from
38% to 63% from 2012 to 2015%. Since 2014,
laparoscopic SG has become the leading bariatric
procedure in the United States?2. In a national study?®
of bariatric surgery trends in 2003-2008, authors found
that the number of surgeries peaked in 2004 and
plateaued in 2008, attributing to the exponential
increase in the use of non-invasive laparoscopic
procedures during the study period. Interestingly,
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bariatric surgeon membership in the ASMBS also
doubled during study period®. In our study (2006-
2017), the number of all MBS spiked in 2009 (10,482
cases out of 980,845 total), plateaued for three years
(about 6,000 cases in 2010-2012), and increased
steadily from 2013 (about 7,000) to 2017 (about
12,000).

Fewer studies have analyzed specific MBS procedure
types and trends by race/ethnicity. Interestingly, SG
increased for all races/ethnicities except NHW
patients, where there was a significant decrease from
2006 to 2017. This could be a reflection of the
decrease in the proportion of NHWs undergoing MBS
in the Florida patient population, which decreased by
16.5% from 2006 (71.8%) to 2017 (55.3%), while
there were increases in the proportion of Hispanic and
NHB patients undergoing MBS procedures (about 7%
rise in each group). The change in race-ethnic make-
up of Florida inpatients is more likely as the race-
ethnic make-up of Florida population over the last
decades has been stable over time?*. Consistent with
our findings, Pickett-Blakely and colleagues found
that the proportion of Whites undergoing MBS
decreased from 81% in 1998 to 72% in 20072
However, NHW was the highest group receiving all
MBS types combined compared to other race-ethnic
counterparts in Florida. We found increased
utilization of LAGB for NHB patients and RYGB for
Hispanic patients.

As depicted in Figure 1, the LAGB use was < 1% in
the last three years of the study period. Although the
LAGB utilization trend in the NHB is upward, a
decline was seen from 2016 (37.5%) to 2017 (15.4%).
The LAGB procedure was cited as the least effective
method of weight loss compared to other types of
MBS?6. However, a recent study?’ using the Metabolic
and Bariatric Surgery Quality Improvement Program
(MBSAQIP) Data Registry indicated that the LAGB
remained effective and safe for weight loss. The
LAGB is a reversible, anatomically sparing procedure
that involves a band (e.g., a belt-like device made of
silicone) around the stomach to make the upper part of
the stomach smaller than its normal size. The life
expectancy of the band requires the removal and/or
revision of the index LAGB procedure. However,
there are both medical (e.g., band infection, excessive
nausea, vomiting, heartburn, other post-surgical
complications) and non-medical reasons (e.g., weight
regain, band slippage) for the removal and revision of
the LAGB procedure®®-28,

Although a revision procedure is possible in other
MBS (SG, RYGB), revision and removal of LAGB
only in Florida are available. In our study, a small
proportion of patients underwent LAGB removal and
revision procedures during the 12-year period. The
removal of the LAGB (LAGBREM) procedure
increased, whereas the revision procedure
(LAGBREV) remained constant over time. In a
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national study?’, authors concluded that about one-
fifth of LAGB recipients will need reoperations due to
inadequate weight loss or significant weight regain.

It is well documented that race-ethnic variations in
obesity exist in US populations?®3! of different age
groups. The strength of the study is the availability of
multi-year data that consists of diverse race-ethnic
groups in Florida. Some limitations exist. First, the
unit of analysis in the de-identified AHCA data is the
number of discharge records, not the number of
individuals. However, it is unlikely that an individual
would receive more than one MBS procedure in a
calendar year. It might be possible that LAGB
removal and revision procedures could have been
performed on the individual that received the index
LAGB procedure in the same year if post-surgery
complications exist. The proportions of LAGBREM
and LAGBREV in our study are small, yet the data
lack information on the reasons for the removal and
revision. Second, weight status may be misclassified.
We used both ICD codes and the V- or Z-codes to
verify the weight status, and thus the degree of
misclassification may be minimal.  Those with
missing or unknown weight status likely had other
indications (e.g., comorbidities) for MBS. Finally, we
did not investigate comorbidities and other social
determinants which could elucidate reasons for MBS
procedure selection by race-ethnic groups.

Conclusion | In this study, we found significant
differences in MBS trends and procedure type by race-
ethnic groups. We observed the procedure trends
among Florida inpatients are similar to other national
and international studies. Future studies should
expound on the variations in access to care, insurance
coverage, and social determinants between race-ethnic
groups. These factors may have impacted the decision
to complete MBS or select a specific type of MBS.
Also, the trends in MBS should be continuously
monitored (as data become available) in parallel to
severe obesity trends in Florida. Understanding race-
ethnic group difference has important public health
implications and supports culturally competent care
for those who need MBS.
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