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We examined national trends in bariatric surgery for adults, focusing on differences in utilization by

We analyzed subjects eligible for bariatric surgery in the National Hospital Discharge Survey and

the National Health and Nutrition Examination Survey for 1999-2010. Primary outcome measures
included population-based estimates and comparison of blacks and whites eligible for surgery with

OBJECTIVES:

race and access to health care.
METHODS:

those who actually received it.
RESULTS:

A higher percentage of black than white women and of black than white men were eligible for

bariatric surgery. But a higher proportion of eligible white women and men than black women and
men received bariatric surgery. 69.8% of eligible white women and 72.9% of white women who
received bariatric surgery had private health insurance, compared with 49.9% and 71.1% of black
women. 71.4% of eligible white men and 75.9% of white men who received bariatric surgery had
private health insurance, compared with 52.4% and 74.7% of black men. Among men eligibility and
surgery rates were lower than for women of the same race, and significant differences were found by

race in the same directions as for women.

CONCLUSIONS:

Eligible whites received bariatric surgery at higher levels than eligible blacks, apparently partly

because of differences in insurance coverage.
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Introduction
Obesity is a significant public-health problem associated with an
increased risk of development of a variety of chronic diseases, as well
as an increased risk of mortality (1,2). Unfortunately, the prevalence
of obesity defined by body mass index in adults in the United States
continues to exceed 30%, affecting more than 130 million adults (3).
Obesity is found throughout the United States population and is par-
ticularly prevalent among blacks, with recent national estimates indi-
cating that 39% of black men and 59% of black women are obese (3).
Although it is not advocated as a first-line treatment for obesity,
bariatric surgery has recently been shown to be an effective treat-
ment for moderate to clinically severe obesity (4-6). Moreover, it has
the benefit of successfully resolving or improving the obesity-associ-
ated chronic conditions of diabetes, hyperlipidemia, hypertension,
and obstructive sleep apnea in the majority of cases (4,7,8). Further,

bariatric surgery can improve quality of life, decrease the risk of pre-
mature death, and lower disability and health-care costs (9). Between
1998 and 2006, the trends in inpatient bariatric surgery in the United
States indicated that bariatric surgical procedures increased substan-
tially from 1998 to 2003 and then leveled off while rates of in-hospi-
tal complications were stable and length of stay decreased (10,11).

A variety of health disparities exist where there is underutiliza-
tion of effective therapies by minority populations (12,13). Although
blacks have a higher prevalence of obesity, it is unclear whether bar-
iatric surgery has been appropriately utilized among this vulnerable
population. In fact, racial comparisons were not presented in the
most recent studies examining national trends in bariatric surgery
(10,11). Thus, the purpose of this study was to examine national
trends in bariatric surgery for eligible adults with a focus on potential
differences by race and access to health care.
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Methods

We used two nationally representative surveys for this study, both
of which were conducted by the National Center for Health Sta-
tistics. We conducted an analysis of the National Hospital Dis-
charge Survey (NHDS; http://www.cdc.gov/nchs/nhds.htm) in
the 12-year period of 1999-2010 for black and white patients aged
20-64 years to provide population estimates of the use of bariatric
surgery (we did not include other races/ethnicities because of small
sample sizes). We used the National Health and Nutrition Exami-
nation Survey (NHANES; http://www.cdc.gov/nchs/nhanes.htm),
1999-2010, to provide population estimates of the number of non-
Hispanic black and non-Hispanic white people aged 20-64 who
were eligible for bariatric surgery during the same time period.
Because the NHDS did not include Hispanic ethnicity in its data
collection but the NHANES did, we used a more comprehensive
racial/ethnic category in the NHANES. For streamlining of lan-
guage we label people as black or white. We limited this study to
non-elderly adults because of the increase in risk of complications
from abdominal surgery with increasing age (14).

We attempted to include national estimates of outpatient bariat-
ric procedure usage from analysis of the National Hospital Ambu-
latory Medical Care Survey (NHAMCS). This data set would be
a comparable ambulatory surgery data set to the NHDS. Unfor-
tunately, data for ambulatory surgery are only available in the
NHAMCS for 2009. In our analyses only a very small number of
outpatient bariatric surgeries were reported, with an unweighted
total of 7 bariatric surgeries out of 16,190 procedures for adults
aged 20-64. Thus, the small sample size would not allow us to make
reliable population estimates.

Inpatients who received bariatric surgery. The NHDS covered
151,551 to 376,328 patients per year in 203 to 458 short-stay hos-
pitals by using a stratified, multistage survey to create a nationally
representative annual sample of discharge records. The NHDS suf-
fered a recent budget cut, which led to a 50% reduction in sample
sizes in 2008-2010 relative to the 1999-2007 surveys. Noninstitu-
tional short-stay and general hospitals are included; federal, mili-
tary, and Veterans Affairs hospitals are not included. Each discharge
record in 1999-2009 contains up to seven International Classifica-
tion of Diseases, 9th Revision, Clinical Modification (ICD-9-CM)
discharge diagnosis codes (NHDS 2010 has up to 15) and up to
four ICD-9-CM procedure codes (NHDS 2010 has up to eight) and
is population weighted on the basis of the probability of sample
selection and adjusted for nonresponse. Nationally representative
estimates of care within hospitalizations in the United States can be
computed with the NHDS.

We identified patients who received bariatric surgery by the
presence of bariatric surgery procedure codes 44.31 (high gastric
bypass), 44.38 (laparoscopic gastroenterostomy), 44.39 (other gas-
troenterostomy), 44.68 (laparoscopic gastroplasty), 44.93 (inser-
tion of gastric bubble (balloon)), 44.95 (laparoscopic gastric
restrictive procedure), or 44.99 (other operations on stomach) in
the records of patients who also had an obesity-related diagno-
sis code of 278.0 (overweight or obese), 250.0 (type 2 diabetes),
425.7 (metabolic cardiomyopathy), or 780.57 (sleep apnea) or a
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Figure 1. Percentage of adults aged 20-64 eligible for bariatric surgery
on the basis of body mass index and comorbidities, by sex and race, with
95% confidence intervals.

diagnosis-related group code of 288. We excluded people who were
admitted to the hospital on an emergency basis or had a diagnosis
code of 150.0-159.9 (stomach or intestinal cancer) or 230.1-230.9
(in situ cancer).

Population eligible for bariatric surgery—NHANES. The
NHANES included participants from a nationally representative
sample of noninstitutionalized residents of the United States. This
survey included examination and interview information. Samples
were weighted to be representative of the US population so that
population estimates could be made.

According to the guidelines provided by Mechanick et al. (15),
people eligible for bariatric surgery include those with a body mass
index of at least 40 kg/m?, or with a body mass index of at least
35 kg/m? and at least one obesity-associated comorbidity. For our
analyses we applied these eligibility criteria using body mass indi-
ces calculated from the measured weight and height collected by
protocol as well as self-reporting of previous diagnosis of the fol-
lowing obesity-associated medical conditions: diabetes, high blood
pressure, high cholesterol, coronary heart disease, congestive heart
failure, heart attack, or stroke.

Inpatients eligible for bariatric surgery—NHDS. We identified
inpatients eligible for bariatric surgery in the NHDS in order to
create a comparison group for health insurance status. Inpatients
were considered to be eligible if they had an ICD-9-CM diagno-
sis code for clinically severe obesity (also called morbid obesity;
278.01) and if they were not admitted on an emergency basis nor
had the above-listed cancer codes.

Race. In the NHDS we computed population estimates for people
with a recorded race of white or black/African American. Race is
not a required field in all hospital discharge abstracts. After exclu-
sion of NHDS data for people younger than 20 and older than 64,

The American Journal of GASTROENTEROLOGY

1219



http://www.cdc.gov/nchs/nhds.htm

1220

THE RED SECTION

and for records that did not include at least one procedure code,
22.7% of the weighted sample had missing data for race. In the
NHANES, race was a required field, and we computed population
estimates on people who were white or black.

Analysis. We used SUDAAN (Research Triangle Institute,
Research Triangle, NC), a specialized statistical program that
accounts for the complex survey design used in the NHDS and
NHANES. Using SUDAAN allowed us to correct for unequal
probabilities of selection and different response rates, ensuring
that the results could be generalized to the noninstitutionalized
civilian population of the United States. Thus the percentages
and population estimates in the study represent weighted values.
SUDAAN also adjusts standard errors to account for the weight-
ing and clustering of the complex sampling design.

To estimate the number of blacks and whites aged 20-64 who
received bariatric surgery out of 1,000 eligible within each race in
the United States in an average year, we applied the above criteria
to identify the sample in the NHDS who received bariatric surgery

and the sample in the NHANES who were eligible for bariatric
surgery. Then we used SUDAAN to calculate population estimates
for the number of people who received bariatric surgery per year
and the number of people who were eligible for bariatric surgery
per year, and to calculate the standard errors for each of those esti-
mates. Next, we created a ratio estimate by dividing the population
estimate from the NHDS for the number of people who received
bariatric surgery by the population estimate from the NHANES for
the number of people who were eligible for bariatric surgery, and
multiplied the result by 1,000 to convert to units of number of bar-
iatric surgeries per 1,000 eligible adults.

To calculate 95% confidence intervals (CIs) for our ratio estimates,
we first calculated relative standard errors using the population esti-
mate and the standard error for each NHDS and NHANES estimate.
Then we applied the following formula to calculate the relative stan-
dard error (RSE) for each ratio estimate from the relative standard
errors of the NHDS (X) and NHANES (Y) estimates (16):

RSE (X/Y) = sqrt[RSE2(X) + RSEX(Y)]

Table 1. Characteristics of adults aged 20-64 who were eligible for bariatric surgery and who received bariatric surgery, by race and sex, 1999-2010

Eligible for bariatric surgery—NHANES

Non-Hispanic white

Women Men Women
Sample size (N) 646 420 569
Weighted annual population size 6,965,838 4,529,512 2,473,882
Age (%)
20-40 years 32.1 33.6 43.3
41-64 years 67.9 66.4 56.7
Health insurance (NHANES) and expected
source of payment (NHDS) (%)
Private insurance 69.8 71.4 499
Government insurance 18.1 17.1 299
No insurance (NHANES)/
self-pay (NHDS) 11.8 11.5 19.3
No charge or other (NHDS) 0.0 0.0 0.0
Not stated 0.2 0.0 0.9
Body mass index
>35 45.7 50.4 319
>40 54.3 49.6 68.1
Consider self overweight? (%) 99.2 98.0 96.0
Doctor said you had diabetes (%) 17.1 21.8 19.7
Doctor said you had
high blood pressure (%) 59.7 61.1 61.6
Doctor said you had
high cholesterol® (%) 51.1 51.5 41.6
Doctor said you had
congestive heart failure (%) 3.2 4.1 4.0
Doctor said you had coronary
heart disease (%) 2.4 6.4 1.6
Doctor said you had
a heart attack (%) 3.1 7.8 3.0
Doctor said you had a stroke (%) 3.2 3.0 49

Non-Hispanic black

Received bariatric surgery—NHDS

White Black
Men Women Men Women Men
254 3,645 889 965 99
955,814 43,297 10,282 8,554 1,008

44.8 41.5 355 53.1 324
55.2 58.5 64.5 46.9 67.6
52.4 72.9 75.9 71.1 74.7
19.0 16.4 15.3 249 20.7
27.3 4.3 6.7 1.2 2.8
0.0 2.4 1.3 1.0 1.8
1.3 4.1 0.9 1.8 0.0
434

56.6
89.8

25.7

65.8

50.9

6.1

4.2

7.3

4.1

NHANES, National Health and Nutrition Examination Survey; NHDS, National Hospital Discharge Survey.

aNot available for adults in NHANES 2009-2010.

°Available only for individuals who responded that they had had their cholesterol checked: 83.1%, 83.6%, 76.6%, and 76.4%, respectively.
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We calculated the standard error for each ratio estimate from the
relative standard error, and calculated the lower and upper bounds
of the 95% Cls by multiplying the standard error by 1.96 and sub-
tracting and adding the result from and to the ratio estimate.

Results

According to our NHDS population estimates for black and white
adults aged 20-64 years, the incidence of bariatric surgery in the
United States increased for both races over time. From 1999 to
2004 an average of 31,302 white women, 5,778 black women, 5,819
white men, and 472 black men received bariatric surgery per year,
and from 2005 to 2010 an average of 55,291 white women, 11,331
black women, 14,744 white men, and 1,544 black men received
bariatric surgery per year. Table 1 shows the annualized number
of eligible adults, the annualized number of adults who received
bariatric surgery, and descriptive statistics including age group,
health insurance categories, and other characteristics for each
group over the full 1999-2010 time period.

A significantly higher percentage of black women (22.4%, 95%
CI 20.9-23.9%) than white women (11.9%, 95% CI 11.0-12.9%)
met the eligibility criteria for bariatric surgery in the US population
in 1999-2010 (Figure 1). In contrast, a significantly higher propor-
tion of eligible white women (6.22 individuals per 1,000 eligible,
95% CI 4.77-7.66) than black women (3.46 individuals per 1,000
eligible, 95% CI 2.37-4.54) aged 20-64 received bariatric surgery
during the same time period (Figure 2). This pattern also held for
men: a significantly higher percentage of black men (10.6%, 95%
CI9.4-11.8%) compared with white men (7.9%, 95% CI 7.0-8.8%)
were eligible for bariatric surgery, but there was a higher frequency
of bariatric surgery among eligible white men (2.27 individuals per
1,000 eligible, 95% CI 1.71-2.83) than black men (1.05 individuals
per 1,000 eligible, 95% CI 0.60-1.51).

Within each race, a significantly higher percentage of women
were eligible for bariatric surgery than men, and a significantly
higher proportion of eligible women than eligible men received
bariatric surgery.
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Figure 2. Number of bariatric procedures per 1,000 eligible among adults
aged 20-64, by sex and race, with 95% confidence intervals.
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Compared with the age distribution of the NHANES-based popu-
lation eligible for bariatric surgery, a higher proportion of younger
women are receiving bariatric surgery: 53.1% of black women
receiving bariatric surgery are in the 20-40 years age group vs. 43.3%
of black women in the eligible group, and 41.5% vs. 32.1% of white
women, respectively. In contrast, a lower proportion of black men
in the 20-40 years age group are receiving bariatric surgery (32.4%)
compared with those eligible (44.8%) in that age group. Within the
NHANES-estimated eligible population, black men were the least
likely to respond that they consider themselves to be overweight
(89.8% vs. 296.0% in the other three race/sex groups).

A lower percentage of black men (52.4%) and black women
(49.9%) in the NHANES-estimated population eligible for bariatric
surgery had private health insurance than white men (71.4%) and
white women (69.8%). Among whites who received bariatric sur-
gery, the proportion whose expected source of payment was private
health insurance was similar to the proportion in the NHANES-
estimated eligible group. In contrast, the proportion of blacks who
received bariatric surgery and whose expected source of payment
was private health insurance was higher than the proportion in the
NHANES-estimated eligible group: 71.1% vs. 49.9% among black
women and 74.7% vs. 52.4% among black men, respectively. Within
the weighted group of NHDS inpatients, the percentage of black
men and women who received bariatric surgery and whose expected
source of payment was private health insurance was also higher than
the percentage who were eligible for bariatric surgery on the basis
of clinically severe obesity: 71.1% vs. 49.4% among black men and
74.7% vs. 36.1% among black women.

Discussion

Even though bariatric surgery has been shown to be a safe and effec-
tive method to help people lose weight, our findings indicate a sig-
nificantly lower use of this weight reduction strategy among eligible
blacks than eligible whites. This finding across a 12-year period is
consistent among both men and women and is similar to findings
from a study using one year of data from 2000 that included self-
reported estimates of obesity (17). Moreover, this finding of under-
utilization of the technique by blacks is particularly striking in light
of the fact that blacks are more likely to be obese than whites, and the
remarkably large percentage of black women who are obese.

Our data clearly show a lower rate of inpatient bariatric surgery
utilization by blacks than whites, even though a greater proportion
of blacks were eligible for surgery than whites, and this may indicate
a health disparity in inpatient bariatric utilization among eligible
blacks. This difference may represent an access-to-care issue as mani-
fested by a difference in insurance coverage between the eligible black
and white populations. Nearly one-fifth (19%) of black women who
would be eligible for bariatric surgery have no insurance, and only
1% of black women who received bariatric surgery had no insurance.
Granting that eligible white women are less likely to be uninsured, a
larger proportion of white women without insurance receive bariat-
ric surgery. It is unclear whether this increased proportion of white
women receiving bariatric surgery who state no insurance or self-pay
for the procedure are truly uninsured or are simply choosing to pay
out of pocket because of the elective nature of the procedure.
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Another potential explanation for this health-care disparity may
be a persistent lack of trust by blacks of physicians, leading to a ten-
dency of decreased adherence to treatment recommendations (18).
It has also been observed that blacks assess the risks of a surgical
treatment differently from whites, leading to a tendency to decline
surgery, which may explain the differences found here between
blacks and whites in bariatric surgery (19). It may be worthwhile to
further investigate the role of trust and attitudes regarding bariatric
surgery across racial and ethnic groups.

A possible additional reason for the racial differences in the use of
bariatric surgery among obese people is that being obese is more cul-
turally accepted in the African-American population; these patients
therefore tend to have less motivation to try to lose weight and
choose to have this operation (20,21). Our data indicate that more
than 95% of black women, white women, and white men who are
eligible for bariatric surgery consider themselves to be overweight.
Nine out of ten eligible black men also consider themselves to be
overweight. Thus, these people have a realistic view of themselves as
heavier than is optimal, but cultural attitudes may suggest no need to
undertake the expense and risk of surgical interventions to change.

Several limitations should be considered in interpreting the
results of this study. First, inpatient obesity diagnoses may underes-
timate inpatient utilization, thereby misidentifying patterns of care
for obese patients (22). We attempted to overcome this limitation
by considering a set of procedure codes to be bariatric surgery if the
patient record had an affiliated diagnosis code for obesity, as well as
other conditions, such as type 2 diabetes or obstructive sleep apnea.
Second, bariatric surgery can be performed in an outpatient set-
ting, and those instances of care would be missing from this analy-
sis of inpatient data. Our analysis of outpatient bariatric procedures
from the National Hospital Ambulatory Medical Care Survey
(NHAMCS), a database cataloguing ambulatory surgery services
in the United States, yielded sample sizes too small to calculate a
nationally representative estimate of outpatient bariatric procedure
usage. Our inpatient results may underestimate total national bar-
iatric usage by eligible blacks or the uninsured if the reduced cost
of outpatient bariatric surgery relative to inpatient bariatric surgery
was seen as cost-effective for people to pay out of pocket for this
service. This issue could be addressed if a nationally representa-
tive registry of bariatric surgery (both inpatient and ambulatory)
were publicly available for research and analysis. Because of safety
concerns, most bariatric surgery is performed in inpatient settings,
and consequently most national estimates of bariatric surgery are
based on inpatient data. Our analysis allows for more consistent
comparisons with previous estimates.

A third limitation is that we limited our analyses to adults and
did not include adolescents even though bariatric surgery in ado-
lescents is a current topic of discussion (23), because national
trends in adolescent bariatric surgery up to 2003 suggested that
bariatric surgery in adolescents is relatively uncommon (10,24,25).
Fourth, the NHDS included Hispanics within the white and black
categories, whereas the NHANES identified Hispanic as a separate
category from white and black, potentially leading to an underes-
timation of the eligible populations. Fifth, we limited our NHDS
analyses to people whose race was recorded as black or white
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because of small sample sizes of data on bariatric procedures in
other racial/ethnic groups. Sixth, race is not a required field for the
hospital discharge abstract, and thus some data are missing in the
NHDS. Because 22.7% of people in the NHDS were missing race
from their records and were therefore not included in our analy-
sis, we may have underestimated utilization of bariatric surgery.
The current analysis does still allow us to examine the relationship
between race and use of bariatric surgery in the US population.

In conclusion, a significant racial difference exists in the use
of inpatient bariatric surgery among eligible adults. Considering
the recent evidence showing immediate metabolic advantages to
bariatric surgery and the exceptionally large proportion of black
women who are obese, a more concerted effort to increase the use
of this strategy among those refractory to standard weight loss
strategies may be worthwhile.
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