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ABSTRACT

Background and Objectives: Disparities in health care
outcomes and resources utilized are present in the treat-
ment of many conditions and represent an area for tar-
geted improvement. This study analyzes the differences in
outcomes and total hospital charges between the highest
and lowest income quartiles of patients undergoing sig-
moid colectomy.

Methods: This retrospective cohort study included pa-
tients undergoing sigmoid colectomy from 2013 to 2014
queried from the Agency for Healthcare Research and
Quality National Inpatient Sample Database who were
categorized as the lowest and highest income quartile
based on average income of the patient’s ZIP code. Pa-
tients were grouped into income quartiles, as defined by
average income in the ZIP code of residence. In-hospital
complications were the primary outcome of this study. We
hypothesized that patients in the lowest income quartile
would have poorer outcomes than those in the highest
income quartile prior to data collection.

Results: The lowest (n = 40,995) and highest (n =
40,940) income quartiles are not significantly different
based on age or gender. The lowest income quartile was
sicker, with higher mean scores for the All Patient Refined
Diagnosis Related Group Severity Index and All Patient
Refined Diagnosis Related Group Risk of Mortality Index.
The lowest income quartile cohort had higher rates of
postoperative complications and higher total charges than
those in the highest income quartile. Adjusted regression
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analysis showed significantly lower total charges for the
lowest income quartile but no significant differences in
overall complications, mortality rates, or nonhome dis-
charge.

Conclusions: Patients in the highest income quartile uti-
lize more hospital resources than the lowest income quar-
tile. Additional study is required to understand why these
differences exist.

Key Words: Disparities, Hospital charges, Patient in-
come, Sigmoidectomy, Socioeconomic status.

Key Points: 1. Significant differences in outcomes and
hospital charges exist between socioeconomic groups un-
dergoing sigmoidectomy. 2. There does not seem to be a
difference in outcomes after sigmoidectomy among differ-
ent socioeconomic groups. 3. Elective and laparoscopic
sigmoid colectomy is more frequently applied to higher
socioeconomic groups. 4. Hospital charges are also
greater among patients of higher socioeconomic groups
undergoing sigmoid colectomy.

Question: Does socioeconomic status affect outcomes
and total charges in patients undergoing sigmoid colec-
tomy?

Findings: Unadjusted analysis showed significant dispar-
ities between the highest and lowest income quartile in
outcomes after sigmoid colon resection. Adjusted analysis
showed no difference in outcomes, with patients in the
highest income quartile having higher total charges.

Meaning: There is a value difference between high-
income and low-income patients undergoing sigmoid co-
lectomy.

INTRODUCTION

Sigmoid colon resection is commonly performed for di-
verticular disease and malignant neoplasms.! It may be
performed with a primary anastomosis or as a Hartmann
procedure, in which an end-colostomy is created with a
closed anorectal stump.2 The operation is more frequently
being performed laparoscopically because of lower rates
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of associated morbidity and mortality,>and conversion to
an open laparotomy approach in the event of laparo-
scopic approach failure has been shown to increase mor-
bidity and mortality.>

Socioeconomic disparities in morbidity and mortality fol-
lowing surgical procedures have been reported in the
literature.® Low socioeconomic status (SES) has also been
shown to correlate with length of stay and resource us-
age.”® These differences have been widely attributed to
characteristics of the hospitals treating those with low SES
rather than patient characteristics.>1°© However, SES dis-
parities in care might be affected by disease progression,
race, and insurance status, indicating that the root cause of
these disparities might be more complex than originally
considered.810

Much of the prior research into SES and its effect on colon
resection morbidity and mortality is in the field of cancer.
However, sigmoid colectomy is regularly performed for
diverticulitis as well. The present study investigates the
differences in outcomes between the lowest and highest
income quartiles as defined by the average income of the
patient’s ZIP code as a proxy for the socioeconomic status
of a patient group. We hypothesize that, based upon
previous literature: the lowest-income-quartile patients
will have higher rates of morbidity and mortality than
those in the highest income quartile.

METHODS

Data were queried from the National Inpatient Sample
(NIS-Healthcare Cost and Utilization Project) calendar
years 2013-2014.11:12 The NIS is a weighted sample of 20%
of discharges from all hospitals across the United States.
The American Hospital Association Annual Survey of Hos-
pitals is used to identify all hospitals in the sampling
universe, and hospitals are then stratified by US Census
division, urban or rural location, teaching status, owner-
ship, and bed size. Discharges are then sampled in a
systematic, random manner from all participating hospi-
tals. Patient incomes in the NIS are codified by average
income for the ZIP code of their residence, which was
recently shown to be the preferred method for investigat-
ing health disparities based on income.!3

Patients undergoing laparoscopic and open sigmoidec-
tomy were identified by International Classification of
Disease, ninth revision, codes 17.36 and 45.76, respec-
tively. Demographic variables queried and analyzed in-
cluded age, gender, race, primary insurance payer, and
elective procedure. The All Patient Refined Diagnosis Re-
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lated Group (APR-DRG) Severity of Illness and Risk of
Mortality scores were also queried for each patient. Post-
operative complications identified using Clinical Classifi-
cation Software (CCS) codes included acute myocardial
infarction (CCS 100), acute renal failure (CCS 157), and
pneumonia (CCS 122). Postoperative complications iden-
tified using International Classification of Disease, ninth
revision, codes included cardiac arrest (997.1 and 427.5),
cerebrovascular accident (997.02), deep vein thrombosis
(997.2 and 453.40), acute respiratory failure (518.81), fail-
ure to wean (997.3 and 997.39), ventilator-associated
pneumonia (997.31), pulmonary embolism (415.11 and
415.19), postoperative anemia (285.1), procedural hemor-
rhage (998.1), accidental intraoperative laceration (998.2),
wound dehiscence (998.32), wound infection (998.59),
systemic inflammatory response syndrome or sepsis
(995.91), severe sepsis (995.92), septic shock (998.02 and
785.52), urinary tract infection (599.0), peritonitis (567,
567.0, 567.1, 567.2, 567.23, 567.8, and 567.9), ileus or
bowel obstruction (560.9, 560.1, and 997.49), and perito-
neal abscess (567.21). Patients who were discharged to
anywhere other than home were grouped into a nonhome
discharge group for analysis.

All statistical methods were performed on Statistical Anal-
ysis Software version 9.4 (SASv9.4, SAS Institute, Cary,
NO). A value of P < .05 was considered significant. Fur-
thermore, specific statistical procedures were utilized to
account for the stratification, clustering, and weighting of
the discharges to create nationally representative results.
For categorical variables, y* and Fisher’s exact test, when
necessary, were utilized to compare differences between
patients in the highest and lowest personal income quar-
tiles. For continuous variables, means and linear regres-
sion models to calculate the significance of differences
were calculated.

Propensity matching was based on the type of procedure
(open vs. laparoscopic), age, length of stay, elective or
emergent procedure, and both APR-DRG scores as indi-
cators of patient comorbidity burden. The propensity
matching was then applied to mortality rates, overall com-
plication rates, rates of nonhome discharge, and total
charges. Sequential modeling was performed to investi-
gate confounding or causative variables for any disparities
in outcomes between the two cohorts. In sequence, 5
models were conducted for each of the previously spec-
ified outcomes in the following order: univariate analysis,
propensity matched, previous plus race and payer, previ-
ous plus number of diagnoses and number of procedures,
and previous plus controlling for the facility at which the
procedure was performed. Modeling for complication

JSLS  www.SLS.org



rates, mortality rates, and rates of nonhome discharge
were performed using logistic regression, and modeling
for total charges was performed using linear regression.

RESULTS

The lowest and highest income quartiles are not significantly
different, based on age (60.39 vs. 60.51, P = .62) or gender
(53.48% female vs. 52.67% female, P = .30) (Table 1).
However, the groups exhibit significant differences in the
ethnic races of the patients (P < .0001), with the highest
income quartile cohort having a higher proportion of Cau-
casian patients (84.87% vs. 70.50%) and lower proportions of
black (3.73% vs. 14.50%) and Hispanic (5.37% vs. 11.42%)
patients than the lowest income quartile cohort (Table 1).
Furthermore, the highest income quartile group had a sig-
nificantly higher proportion of patients with private insur-
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ance (52.58% vs. 33.15%) and lower proportions of patients
with Medicaid (4.25% vs. 11.93%) and patients listed as
self-pay (1.91% vs. 5.58%) than the lowest income quartile
(Table 1). The highest income quartile had a higher degree
of elective sigmoidectomy (63.10% vs. 51.42%, P < .0001)
and laparoscopic sigmoidectomy (45.26% vs. 29.58%, P <
.0001) than the lowest income quartile (Table 1). The lowest
income quartile had more chronic disease, with higher mean
scores for the APR-DRG Severity Index (1.95 vs. 1.76, P <
.0001) and APR-DRG Risk of Mortality Index (2.37 vs. 2.16,
P < .0001) (Table 1).

The lowest income quartile cohort had higher rates of
acute postoperative myocardial infarction (1.07% vs.
0.68%, P = .007), acute renal failure (11.54% vs. 8.89%,
P < .0001), pneumonia (5.39% vs. 3.05%, P < .0001),
respiratory failure (5.72% vs. 4.04%, P < .0001), failure to

Characteristics of the Lowest and Highest Income Quartiles O¥$]Z§§?IE£S Undergoing Sigmoidectomy in the United States From 2013
to
Variables Lowest Income Quartile Highest Income Quartile P Value
(n = 40,995) (n = 40,940)
Age® 60.39 (0.18) 60.51 (0.17) 62
Sex (female) 21,925 (53.48%) 21,565 (52.67%) 3
Race <.0001
White 27,800 (70.50%) 32,950 (84.87%)
Black 5720 (14.50%) 1450 (3.73%)
Hispanic 4505 (11.42%) 2085 (5.37%)
Asian/Pacific Islander 350 (0.89%) 1175 (3.02%)
Native American 265 (0.67%) 60 (0.15%)
Other 795 (2.02%) 1105 (2.85%)
Primary payer <.0001
Medicare 18,645 (45.57%) 15,860 (38.76%)
Medicaid 4880 (11.93%) 1740 (4.25%)
Private insurance 13,565 (33.15%) 21,515 (52.58%)
Self-pay 2285 (5.58%) 780 (1.91%)
No charge 340 (0.83%) 150 (0.37%)
Other 1205 (2.94%) 870 (2.13%)
Elective procedure 21,080 (51.42%) 25,835 (63.10%) <.0001
Type of procedure <.0001
Open 28,870 (70.42%) 22,410 (54.74%)
Laparoscopic 12,125 (29.58%) 18,530 (45.26%)
APR-DRG Mortality Index® 1.95 (0.01) 1.76 (0.01) <.0001
APR-DRG Severity Index® 2.37(0.01) 2.16 (0.0 <.0001

“Data are presented as mean (SE).

October-December 2018 Volume 22 Issue 4 €2018.00066 3

JSLS  www.SLS.org



Economic Disparities in Patients Undergoing Sigmoidectomy, Neifert S et al.

wean (1.23% vs. 0.82%, P = .007), postoperative anemia
(13.84% vs. 9.64%, P < .0001), accidental intraoperative
laceration (3.09% vs. 2.42% P = .01), surgical site infection
(4.31% vs. 3.36%, P = .002), systemic inflammatory re-
sponse syndrome /sepsis (4.88% vs. 3.59%, P < .0001),
severe sepsis (6.77% vs. 4.82%, P < .0001), septic shock
(5.32% vs. 3.77%, P << .0001), urinary tract infection (8.39%
vs. 5.15%, P < .0001), peritonitis (7.93% vs. 6.58%, P =
.001), and ileus or bowel obstruction (22.51% vs. 19.70%)
than those in the highest income quartile (Table 2). Pa-
tients in the highest income quartile had higher rates of

cerebrovacular accident (0.11% vs. 0.02%, P = .03) than
those in the lowest income quartile (Table 2).

The overall rates of postoperative complication are higher
in the lowest income quartile (50.84% vs. 41.24%, P <
.0001) (Table 2). More patients died in the lowest income
quartile (3.07% vs. 2.11% P = .0001). Patients in the
highest income cohort also had a significantly shorter
length of stay (8.04 vs. 9.88, P < .0001) and lower rates of
nonhome discharge (15.21% vs. 20.28%, P < .0001) than
the lowest income quartile (Table 2). In addition, the

Outcomes of Lowest and Highest Income Quartiles Unc’ll;:i]g)})einzg' Sigmoidectomy in the United States From 2013 to 2014

Variables Lowest Income Quartile Highest Income Quartile P Value
(n = 40,995) (n = 40,940)

Acute MI 440 (1.07%) 280 (0.68%) .007
Cardiac arrest 495 (1.21%) 475 (1.16%) 78
Acute renal failure 4730 (11.54%) 3640 (8.89%) <.0001
Pneumonia 2210 (5.39%) 1250 (3.05%) <.0001
Cerebrovascular accident 10 (0.02%) 45 (0.11%) .03
Deep vein thrombosis 180 (0.44%) 115 (0.28%) .09
Respiratory failure 2345 (5.72%) 1655 (4.04%) <.0001
Failure to wean 505 (1.23%) 335 (0.82%) .007
ventilator-associated pneumonia 45 (0.11%) 20 (0.05%) 21
Pulmonary embolism 260 (0.63%) 200 (0.49%) 21
Postoperative anemia 5675 (13.84%) 3945 (9.64%) <.0001
Accidental intraoperative laceration 1265 (3.09%) 990 (2.42%) .01
Wound dehiscence 320 (0.78%) 265 (0.65%) .33
Wound infection 1765 (4.31%) 1375 (3.36%) .002
SIRS/sepsis 2000 (4.88%) 1470 (3.59%) <.0001
Severe sepsis 2775 (6.77%) 1970 (4.82%) <.0001
Septic shock 2180 (5.32%) 1545 (3.77%) <.0001
UTI 3440 (8.39%) 2110 (5.15%) <.0001
Peritonitis 3250 (7.93%) 2695 (6.58%) 001
Ileus/bowel obstruction 9230 (22.51%) 8065 (19.70%) <.0001
Peritoneal abscess 1090 (2.66%) 1210 (2.96%) .25
Any complication 20,840 (50.84%) 16,885 (41.24%) <.0001
Death 1260 (3.07%) 865 (2.11%) .0001
Non-home discharge 8315 (20.28%) 6225 (15.21%) <.0001
Length of stay® 9.88 (0.11) 8.04 (0.09) <.0001
Total hospital charges® $100,219 (1805) $93,123 (1656) .003

MI, myocardial infarction; UTI, urinary tract infection; SIRS, systemic inflammatory response syndrome.

“Data are presented as mean (SE).
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highest income quartile group had lower average total
charges ($93,123 vs. $100,219, P = .003) than the lowest
income quartile cohort (Table 2).

When patients were propensity matched, the difference
between the 2 cohorts was preserved for overall compli-
cations (95% confidence interval [CI]: 1.02-1.18; P = .02)
but not for rates of mortality (95% CI: 0.89-1.35; P = .38)
or nonhome discharge (95% CI: 0.96-1.15; P = .29) (Ta-
ble 3). Furthermore, propensity matching produced a
reversal of the hospital charge differences, with total hos-
pital charges $10,432 less (95% CI: $6,100—$14,764; P <
.0001) than the highest income cohort (Table 3). When
race and payer were controlled for, the differences in
complication rates were eliminated (95% CI: 0.97-1.13;
P = .27), whereas differences in total hospital charges
remained statistically significant, with hospital charges for
the lowest income quartile $13,245 less (95% CI: $10,839—
$15,651; P < .0001) than the highest income cohort (Ta-
ble 3). When number of procedures and diagnoses during
the hospital stay were controlled for, differences between
the 2 income quartiles were preserved for total charges
(95% CI: $6,184-$10,522; P = .0001) (Table 3). The full
model that incorporated all previous variables and hos-
pital characteristics showed significantly lower total
charges for the lowest income quartile (86,937, 95% CI:
$4,772-$9,102; P < .0001), whereas there were no sig-
nificant differences in overall complications (95% CI:
0.95-1.14; P = .37), mortality rates (95% CI: 0.89-1.39;
P = .30), or nonhome discharge (95% CI: 0.97-1.23; P =
.14) (Table 3 and Figure 1).

DISCUSSION

The present study is the first to demonstrate disparities in
outcomes and total hospital charges between patients
in the lowest income quartile and highest income quartile
in a nationally representative sample of patients under-
going sigmoid colectomy for any primary diagnosis. Uni-
variate analysis demonstrates that the lowest income quar-
tile group has significantly higher total charges, longer
lengths of stay, and increased rates of in-hospital compli-
cations, death, and nonhome discharge compared with
those patients in the highest income quartile. Multivari-
able modeling based on previous significant factors in the
literature”1° eliminated these differences in complica-
tions, mortality rates, and nonhome discharge while indi-
cating that low-income patients incurred fewer total
charges during their hospital stay.

Previously published studies postulated that disparities
based on income in complication rates, failure to rescue, or
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Table 3.
Sequential Multivariable Modeling for Income Quartile (Lowest vs. Highest) and Outcomes Disparities

Add Hospital Characteristics

Add Number of Procedures

Add Race and Payer

Propensity Matched

Univariate Analysis

Variables

and Number of Diagnoses

P= 37

P= 16

.27
1.05(0.97-1.13)

.02

P < .0001

Any

1.04 (0.95-1.14)

1.07 (0.98-1.16)

1.09 (1.02- 1.18)

1.47 (1.38-1.57)

P = .0001

complication®

36
1.11 (0.89- 1.39)

.08
1.23 (0.98-1.54)

46
1.08 (0.88-1.34)

38
1.10 (0.89-1.35)

pP=
P =29

Death®

1.47 (1.21- 1.79)
P < .0001

14
1.09 (0.97-1.23)
P < .0001

.04
1.13 (1.01-1.27)
P < .0001

.09
1.02 (0.92-1.13)

P < .0001

Non-home
discharge®

1.05 (0.96-1.15)

P < .0001

1.42 (1.31-1.54)
P =.003

JSLS

—$6,937 (=$9,102 to —$4,772)

—$13,245 (=$15,651 to —=$10,839) —$8,353 (-$10,522 to —$6,184)

—$10,432 (~14,764 to —=$6,100)

$7,096 ($2,439-11,753)

Logistic regression modeling used odds ratios and their 95% confidence intervals presented; "linear regression modeling used regression coefficients and their

95% confidence intervals presented.

Total hospital
charges”
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1.09
Nonhome discharge * *
1.11
Mortality , .
Complications 1;04
v
0.75 0.85 0.95 1.05 1.15 1.25 1.35

Figure 1. Adjusted odds ratios of lowest vs. highest income quartiles for complications, mortality, and nonhome discharge with 95%

confidence intervals.

death can generally be eliminated by adjusting for hospital
characteristics.>'° The present study suggests that complica-
tion and mortality rate disparities for sigmoidectomy can
be eliminated when propensity-matched patients are
compared controlling for race and primary insurance
payer. Dimick et al.'# suggest that racial disparities in care
are partially caused by segregation, leading to a propen-
sity for minority patients to undergo surgery at low-quality
hospitals. The present results suggest that race might be a
proxy for disparities based on income, specifically in the
United States and, at the very least, a necessary confound-
ing variable for which to control. Dik et al.® in The Neth-
erlands, who did not control for race, found no significant
differences between patients of high SES and low SES for
surgical outcomes. Furthermore, they found that adding
hospital characteristics did not significantly affect their
results. National differences in sociodemographic factors
between the 2 countries could play an important role in
these different conclusions.

The significant difference between income cohorts in the
surgical approach (open vs. laparoscopic) is well docu-
mented in the literature, specifically in the realm of colec-
tomy for cancer resection.'>1¢ Furthermore, because lapa-
roscopic sigmoidectomy has been shown to provide
better short-term outcomes, reduced length of stay, and
lower costs, differences in procedural approach can be
isolated to surgeon skill level or available resources that
could limit surgeon decision making.3'7 Specifically, ac-
cess to care and receiving treatment at high-quality med-
ical centers, which are generally less accessible for those
of low SES or those living in rural areas, are of importance
in distinguishing patients who undergo laparoscopic or
open procedures, whereby patients of a lower SES un-
dergo a higher proportion of open surgery.'®8 Some of
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our results concur with these conclusions. Upon propen-
sity matching, which included procedural approach, we
suggest that the major charge reversal from univariate
analysis is due to the fact that we controlled for open vs.
laparoscopic approach in the propensity score.

In controlling for the APR-DRG Severity and Risk of Mor-
tality measures along with whether the procedure was
elective, we tried to eliminate confounding based on stage
of presentation. Similar to income-based disparities in
outcomes, income-based disparities in stage of presenta-
tion have been previously reported and appear to be
linked to hospital factors and race.101920 Even screening
recommendations for cancer appear to be affected by SES
and insurance payer factors, such as deductible.?! If pro-
cedural designation as elective and the APR-DRG Severity
index can be taken as measures of disease stage at pre-
sentation for sigmoidectomy, then our data indicate that
there are significant differences in stage of presentation
between those in the lowest and highest income quartiles.

Our significant difference in total charges, even after se-
quential modeling, is novel, both in the context of sigmoid
colectomies and surgery in general. Previous studies have
shown that most charge differences based on SES to be
due to case mix and hospital factors, rather than SES
itself.22 Our differences persisted despite controlling for
number of procedures, number of diagnoses, severity of
the illness, and hospital factors. These data raise important
questions about what contributes to the difference in total
hospital charges, if it cannot be attributed to anything
controlled for in our models. There is precedent that
socioeconomic status is significantly associated with treat-
ment selection and the decision to operate in specific
patient populations.?> However, the present data, espe-

JSLS  www.SLS.org



cially when controlled for procedures and diagnoses, still
demonstrate a significant difference in charges. The driv-
ers of this difference are unclear, and the issue warrants
further investigation.

The present study has several limitations. First, we were
limited to the data contained in the NIS database, which
allows for calculation only of in-hospital complications
and mortality, provides no index for level of patient con-
nection with the health care system, and did not allow us
to control for individual surgeon characteristics in our
analysis. Furthermore, only 11% of the patients in our
lowest income quartile had their primary insurance payer
designated as Medicaid, indicating some level of error in
our income data, possibly because of the effects of quan-
tifying income based on ZIP code Census estimates. Be-
cause these geographic estimates have been shown to
provide conservative estimates of income-based health
disparities, this study probably underestimates the size of
the real disparities in care based on income.?* The lack of
itemized costs prevents us from specifically identifying
more details about the hospital charge differences.

Because of the lack of differences in complications and
significant differences in total charges between the low-
income and high-income patients, there exists a signifi-
cant value gap between the 2 cohorts, with the low-
income patients getting more value than higher-income
patients. However, as mentioned previously, without
itemized charge details, it is not possible to evaluate these
charge differences on patient-specific levels. Whereas
there is both incentive for and an established practice of
patients shopping for care to maximize value, the practice
can be complicated by the lack of information regarding
cost and by differential access to care on racial or insur-
ance-based lines. Furthermore, in the era of Centers of
Excellence and consolidation of surgical procedures to
improve outcomes across health systems,?> the question
of geographical segregation raising access to care issues
becomes apparent, especially when it is tied directly to
outcomes in univariate analysis and value upon multivari-
able analysis, as our results suggest.

Taking a meaningful approach to alleviating income-
based disparities and maximize value will require multiple
steps. There is no standardized measure of income for
health studies that incorporates geographical, insurance-
based, racial, and other types of confounding variables.
There is a precedent in the literature of using a combina-
tion of race, primary payer, and geographically calculated
income to determine a more precise income measure, but
the values assigned to these demographical categoriza-
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tions are inconsistent and arbitrary.!® A standardized mea-
sure would allow for comparisons across different disci-
plines and geographical locations. Changes in national
and state-level health policy have been shown to have a
disproportionately positive impact on patients with lower
SES, suggesting that targeted policy is an effective solution
for alleviating these disparities.?° However, more informa-
tion is needed on whether policy should target income-
based, racial, insurance-based, hospital-based, or other
types of disparities to alleviate the disparities seen based
on income. Better understanding nationally representative
cohorts of patients hospitalized for common conditions
and procedures could drive policy solutions with specific
targets to alleviate disparities.

CONCLUSIONS

Significant differences in demographics, clinical out-
comes, and total hospital charges are present between the
lowest income quartile when compared with the highest
income quartile of patients undergoing sigmoidectomy.
When controlling for various factors, the differences in
outcomes become insignificant, whereas the difference in
total hospital charges remain. The value gap produced by
these results warrants further investigation, both in co-
horts of patients undergoing surgical resection of the sig-
moid colon and patients undergoing other procedures.
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