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Abstract

Introduction Colorectal cancer (CRC) is the second leading cause of cancer mortality in the USA. We aimed to
determine racial and socioeconomic disparities in the surgical management and outcomes of patients with CRC in a
contemporary, national cohort.

Methods We performed a retrospective analysis of the National Inpatient Sample for the period 2009-2015. Adult
patients diagnosed with CRC and who underwent colorectal resection were included. Multivariable linear and logistic
regressions were used to assess the effect of race, insurance type, and household income on patient outcomes.
Results A total of 100,515 patients were included: 72,552 (72%) had elective admissions and 27,963 (28%)
underwent laparoscopic surgery. Patients with private insurance and higher household income were consistently more
likely to have laparoscopic procedures, compared to other insurance types and income levels, p < 0.0001. Black
patients, compared to white patients, were more likely to have postoperative complications (OR 1.23, 95% CI, 1.17,
1.29). Patients with Medicare and Medicaid, compared to private insurance, were also more likely to have post-
operative complications (OR 1.30, 95% CI, 1.24, 1.37 and OR 1.40, 95% CI, 1.31, 1.50). Patients in low-household-
income areas had higher rates of any complication (OR 1.11, 95% CI 1.06, 1.16).

Conclusions The use of laparoscopic surgery in patients with CRC is strongly influenced by insurance type and
household income, with Medicare, Medicaid and low-income patients being less likely to undergo laparoscopic
surgery. In addition, black patients, patients with public insurance, and patients with low household income have
significant worse surgical outcomes.
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Colorectal cancer (CRC) is the third most commonly
diagnosed cancer in males and females and the second
most common cause of cancer mortality in the USA [1].
Surgical resection is the mainstay treatment for CRC.
Specifically, laparoscopic surgery has been shown to be a
safe alternative to open surgery, offering faster recovery
and comparable oncological outcomes in patients with
colon cancer [2].

Previous studies have described variations in CRC
incidence and mortality in patients with different race and
socioeconomic status. For instance, black patients have
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shown to be diagnosed with CRC at younger ages and with
more advanced diseases than white patients [3-5]. Low
socioeconomic status (SES) groups also have a higher
incidence of CRC and less favorable survival outcomes
compared with high SES groups in the USA [6-8].

Differences in surgical management and postoperative
outcomes in patients with CRC across race and SES status
should also be explored to better define strategies to ame-
liorate inequalities. Therefore, we aimed to determine
racial and socioeconomic disparities in the surgical man-
agement and outcomes of patients with CRC in a con-
temporary, national cohort.

Methods

We performed a retrospective analysis of the National
Inpatient Sample (NIS) database to assess potential dis-
parities in the surgical treatment of CRC. The NIS is an all-
payer American health care database and represents around
20% of all hospital admissions in the USA. Patients are
identified in the database using ICD-9-CM diagnostic and
procedural codes.

Hospitalizations of adult patients (> 18 years old),
diagnosed with CRC (ICD-9-CM 153-154.8), and who
underwent either laparoscopic (17.3-17.39, 45.81, 48.42,
and 48.51) or open (45.7-45.79, 45.82, 45.83, 48.40, 48.43,
48.49, 48.50, 48.52, 48.59, 48.64, and 48.69) colorectal
resection while admitted between January 1, 2009, (the first
year all laparoscopic codes were implemented by) and
September 30, 2015, (before ICD-10 codes were imple-
mented) were eligible for inclusion. Patients with non-
Medicare, Medicaid, or private insurance (n = 5623),
diagnosed with both colon and rectal cancer (n = 712), or
who underwent surgery >5 days after admission or who
were missing the date of surgery (n = 15,249) were
excluded. Patients with procedure codes for both laparo-
scopic and open resections were classified as open.

Outcomes analyzed in the study included postoperative
morbidity, inpatient mortality, length of stay (LOS) after
surgery, and inflation-adjusted total charges. Due to con-
cern for bias introduced in patients that received surgical
intervention after an extensive hospitalization, analysis was
restricted to patients who underwent surgery within 5 days.
Comorbidities of interest and postoperative complications
included in our study, along with their corresponding
codes, were previously described [9, 10].

Statistical analyses
Patient demographics and hospital characteristics were

compared across procedure and admission type using Chi-
square and Student’s t tests. Quarterly trends of

laparoscopic, versus open, colorectal resections, stratified
by race/ethnicity, primary insurance type, and estimated
median household income of the patient’s ZIP code, were
estimated using Poisson regression.

Multivariable analyses on the potential association
between race/ethnicity, primary insurance type, and esti-
mated median household income of the patient’s ZIP code
on patient outcomes were performed using linear and
logistic regression, where appropriate. Models were
adjusted for admission year, elective admission, laparo-
scopic procedure, age, sex, cancer diagnosis (colon vs.
rectal cancer), comorbidities, hospital region, teaching
status, and hospital size. Age was modeled as a restricted
cubic spline. Interaction terms were used to assess whether
the effect of race/ethnicity, primary insurance type, and
estimated median household income in the patient’s ZIP
code on the odds of complication was consistent across
cancer diagnosis.

A p value <0.05 was considered significant for all the
statistical methods.

Results

A total of 100,515 patients were included, and 72,552
(72%) had elective admissions and 27,963 (28%) under-
went laparoscopic surgery. Laparoscopic procedures were
significantly more frequent in elective (43%) than emer-
gent (22%) admissions, p < 0.0001. 84,889 (84%) of
patients were diagnosed with colon cancer and 15,626
(16%) were diagnosed with rectal cancer. Patient demo-
graphics, comorbidities, and hospital characteristics strati-
fied by admission status and surgical approach are shown
in Table 1. Racial differences in the prevalence of
comorbidities were also assessed, as shown in Table 2.

From 2009 to 2015, there was almost a 50% increase in
laparoscopic procedures in both elective and emergent
admissions, p < 0.0001 and p < 0.0001 (Fig. 1). And
while laparoscopic use was similar over time across races/
ethnicity (Fig. 2a), patients with private insurance (Fig. 2b)
and higher household incomes (Fig. 2c) were consistently
more likely to have laparoscopic procedures, compared to
other insurance types and income levels, p < 0.0001 and
p < 0.0001.

Overall, 36% of patients (n = 35,787) had at least one
inpatient complication. Specifically, 4% (n = 4134) of
patients had a venous thromboembolism, 1% (n = 1282)
had wound complications, 9% (n = 9204) developed an
infection, 20% (n = 20,527) had a bleeding complication,
<1% (n = 492) developed shock, 8% (n = 7611) had car-
diac failure, 8% (n = 8206) had renal failure, and 5%
(n = 4652) had respiratory failure. Mean LOS after surgery
was 7.2 days (standard deviation 6.1 days).
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Table 1 Patient demographics, comorbidities, and hospital characteristics, stratified by admission and procedure type

Elective admissions 72,552 (72%)

Urgent/Emergent admissions 27,963 (28%)

Laparoscopic 31,322 (43%)

Open 41,230 (57%)

Laparoscopic 6112 (22%)

Open 21,851 (78%)

Age, in years, mean (SD)
Male [n (%)]
Race/ethnicity [n (%)]
Non-hispanic white
Non-hispanic black
Hispanic
Other®
Missing
Primary insurance [n (%)]
Private
Medicare
Medicaid
Household income® [n (%)]
Low
Medium
High
Highest
Comorbidities [n (%)]
Hypertension
Diabetes
Obesity
Renal insufficiency
Coronary artery disease
Peripheral vascular disease
COPD
Sleep apnea
Tobacco abuse
Liver disease/cirrhosis
Anticoagulation use
Cancer type [n (%)]
Colon
Rectal
Hospital size [n (%)]
Small
Medium
Large
Hospital type [1 (%)]
Urban, teaching
Urban, non-teaching
Rural, non-teaching
Hospital region [n (%)]
Northeast
Midwest
South
West

67 (12.8)
15,556 (50)

22,946 (77)
2900 (10)
2062 (7)
1844 (6)
1570

12,118 (39)
17,846 (57)
1263 (4)

6330 (21)
7548 (25)
8120 (26)
8805 (28)

16,190 (52)
6743 (22)
3653 (12)
1870 (6)
4399 (14)
750 (2)
490 (2)
1301 (4)
2807 (9)
479(2)
964 (3)

27,734 (89)
3588 (11)

4004 (13)
8160 (26)
19,012 (61)

17,995 (58)
11,025 (35)
2156 (7)

6376 (20)
6741 (22)
11,351 (36)
6854 (22)

68 (13.0)
20,913 (51)

30,300 (79)
3892 (10)
2374 (6)
1955 (5)
2709

14,212 (35)
24,470 (60)
2338 (6)

10,716 (26)
11,166 (28)
9839 (24)
8756 (22)

21,226 (51)
9350 (23)
5099 (12)
2726 (7)
6208 (15)
1041 (3)
740 (2)
1648 (4)
4235 (10)
720 (2)
1416 (3)

31,613 (77)
9617 (23)

5694 (14)
10,371 (25)
24917 (61)

21,682 (53)
13,838 (34)
5462 (13)

8033 (19)
10,357 (25)
15,080 (37)
7760 (19)

70 (14.0)
2895 (47)

4285 (73)
641 (11)
547 (9)
419 (7)
226

1754 (29)
3898 (64)
423 (7)

1458 (24)
1485 (25)
1577 (26)
1450 (24)

3269 (53)
1427 (23)
632 (10)
579 (9)
1103 (18)
172 3)
121 2)
233 (4)
540 (9)
114 (2)
330 (5)

5733 (94)
379 (6)

749 (12)
1741 (29)
3573 (59)

2881 (48)
2672 (44)
510 (8)

1141 (19)
1175 (19)
2539 (42)
1257 1)

70 (14.0)
10,578 (48)

15,283 (74)
2596 (13)
1546 (8)
1189 (6)
1237

5643 (26)
13,974 (64)
2071 (10)

6243 (29)
5636 (26)
5127 (24)
4386 (21)

10,616 (49)
4899 (22)
2068 (9)
2056 (9)
3490 (16)
665 (3)
515 (2)
600 (3)
2749 (13)
355 (2)
802 (4)

19,809 (91)
2042 (9)

3208 (15)
5955 (27)
12,523 (58)

9711 (45)
9104 (42)
2871 (13)

4296 (20)
4871 (22)
8186 (37)
4498 (21)

SD standard deviation, COPD chronic obstructive pulmonary disease
4Other race includes patients classified as non-Hispanic Asian/Pacific Islander, non-Hispanic Native American, and non-Hispanic ‘other’ race

®Between 2000 and 2002, estimated household income within each patient ZIP code was characterized by the following quartiles: $1-$24,999
(low), $25,000-$34,999 (medium), $35,000-$44,999 (high), and $45,000 and above (highest); from 2003 onward, income was characterized into

quartiles
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Table 2 Prevalence of comorbidities across race/ethnicity

Non-hispanic white 72,814 Non-hispanic black 10,029 Hispanic 6529 Other race 5401 p value
(77%) (11%) (7%) (6%)
Comorbidities [n (%)]
Hypertension 36,869 (51) 5842 (58) 3297 (51) 2664 (49) <0.0001
Diabetes 15,159 (21) 2805 (28) 1968 (30) 1325 (25) <0.0001
Obesity 8177 (11) 1434 (14) 850 (13) 377 (7) <0.0001
Renal insufficiency 5112 (7) 988 (10) 385 (6) 328 (6) <0.0001
Coronary artery disease 12,096 (17) 1024 (10) 766 (12) 588 (11) <0.0001
Peripheral vascular 2060 (3) 230 (2) 138 (2) 75 (1) <0.0001
disease
COPD 1522 (2) 132 (1) 64 (1) 63 (1) <0.0001
Sleep apnea 2932 (4) 339 (3) 163 (3) 118 (2) <0.0001
Tobacco abuse 7706 (11) 1200 (12) 461 (7) 404 (7) <0.0001
Liver disease/cirrhosis 1207 (2) 118 (1) 174 (3) 91 (2) <0.0001
Anticoagulation use 2888 (4) 188 (2) 117 (2) 85 (2) <0.0001

COPD chronic obstructive pulmonary disease
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0
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Fig. 1 Trends in laparoscopic procedures, stratified by admission
type

Black patients, compared to white patients, were overall
more likely to have postoperative complications (OR 1.23,
95% CI, 1.17, 1.29). Additionally, these patients were more
likely to have postoperative bleeding (OR 1.32, 95% CI
1.26, 1.38), cardiac failure (OR 1.17, 95% CI 1.09, 1.26),
renal failure (OR 1.40, 95% CI 1.32, 1.50), and respiratory
failure (OR 1.13, 95% CI 1.04, 1.23) (Table 3). When
stratified by cancer type, the increased odds of complica-
tions was more substantial in black patients, compared to
white patients, among those with rectal cancer (OR 1.45,
95% CI 1.27, 1.65) than those with colon cancer (OR 1.19,
95% CI 1.13, 1.26), p = 0.008. The effect of Hispanic and
other race was consistent across cancer diagnosis, p = 0.36
and p =0.99, respectively. Moreover, the association

between race and complications has remained consistent
between 2009 and 2015, p = 0.50.

Patients with Medicare or Medicaid, respectively,
compared to patients with private insurance, were overall
more likely to have postoperative complications (OR 1.30,
95% CI, 1.24, 1.37), (OR 1.40, 95% CI, 1.31, 1.50) among
Medicare and Medicaid patients, respectively. Addition-
ally, these patients were more likely to have postoperative
infection (OR 1.25 and 1.32, respectively), bleeding (OR
1.15 and 1.36, respectively), cardiac failure (OR 1.52 and
1.78, respectively), renal failure (OR 1.38 and 1.26,
respectively), respiratory failure (OR 1.51 and 1.62,
respectively), shock (OR 1.81 and 1.73, respectively), and
inpatient mortality (OR 1.50 and 1.56, respectively),
compared to patients with private insurance (Table 4).
When stratified by cancer type, there were no meaningful
differences in the impact of Medicare or Medicaid, com-
pared to private insurance, on the odds of complications,
p =0.32 and p = 0.22. The effect of insurance type on
complications has remained consistent over time, p = 0.23.

Patient living in areas with low median household
incomes, compared to patients living in areas with the
highest income quartile, were more likely to have postop-
erative cardiac failure (OR 1.16, 95% CI 1.09, 1.24), renal
failure (OR 1.11, 95% CI 1.04, 1.18), respiratory failure
(1.09, 95% CI 1.01, 1.18), and inpatient mortality (1.17,
95% CI 1.05, 1.83) (Table 5). When stratified by cancer
diagnosis, no differences were seen in the impact of
patients living in low, medium, or high median household
income areas, compared to highest income, p = 0.74,
p =0.61, p=0.93, respectively. The effect of median
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Fig. 2 Yearly trends in laparoscopic procedures, stratified by
a race/ethnicity, b primary insurance type, and ¢ estimated median
household income of the patient’s ZIP code

household income in the patient’s ZIP code on complica-
tions has remained consistent over time, p = 0.28.

@ Springer

Discussion

We aimed to determine current disparities in surgical
outcomes of patients with CRC in the USA. We found that
(a) the increase in laparoscopic surgery was particularly
notable in patients with private insurance and high house-
hold income; (b) black patients were more likely to have
worse postoperative outcomes; and (c) patients with
Medicare and Medicaid, and patients with low household
income had also worse postoperative outcomes.

Previous studies have identified benefits of laparoscopic
surgery for CRC. Weeks et al. [11] conducted a multicenter
randomized trial with 449 consecutive patients with
resectable colon cancer, and found that patients undergoing
laparoscopic colectomy, as compared to open colectomy,
required fewer days of both parenteral and oral analgesics.
Similarly, another randomized trial showed that laparo-
scopic colectomy was associated with shorter length of
hospital stay, faster recovery of gastrointestinal motility,
and less use of pain medication [12]. Milsom et al. [13]
also found that laparoscopic colectomy offered a faster
recovery of pulmonary and gastrointestinal function com-
pared with conventional surgery, without any apparent
short-term oncologic disadvantages. The long-term out-
comes of the Australasian randomized clinical trial con-
firmed that the laparoscopic approach was not inferior to
open colon resection in direct measures of survival and
disease recurrence [14]. Unfortunately, disadvantaged
patients are less likely to obtain the benefits of minimally
invasive surgery in colon cancer. We have demonstrated
that the use and embracement of laparoscopic colectomy
was significantly higher in patients with private insurance
and high household income.

Racial disparities in CRC are notorious. Since 1960,
CRC mortality declined by around 40% among whites, but
increased by around 30% among African—Americans [15].
In addition, both incidence and mortality are higher among
black patients when compared with other race/ethnicities
[16, 17]. The underlying factors contributing to racial
disparities, including those impacting the higher mortality
rates in black patients are likely multiple and complex.
Most studies have focused on the prevalence of risk factors,
the biology of particular tumor types, reduced access and
use of CRC screening, mistrust in the healthcare system,
and reduced use of the healthcare system seen in black
patients [3-5, 18-20]. Our study suggests that worse
postoperative outcomes, including life-threatening com-
plications, in black patients, compared to white patients,
may also play an important role. Our paper also looked at
whether laparoscopic surgery was different across patient
characteristics and found that race did not appear to play a
role in surgery type (open vs. laparoscopic), correlating



World J Surg (2019) 43:1342-1350

1347

Table 3 Adjusted effect of race/ethnicity, compared to white patients, on odds of postoperative complications, length of stay, and inflation-

adjusted charges

Black
OR (95% CI)*

Hispanic
OR (95% CI)*

Other race
OR (95% CI)*

Postoperative complications
Venous thromboembolism
Wound complications
Infection
Bleeding
Cardiac failure
Renal failure
Respiratory failure
Shock
Mortality

Any complicationb

1.09 (0.98, 1.23)
1.10 (0.91, 1.34)
1.03 (0.95, 1.11)
1.32 (1.25, 1.40)
1.13 (1.03, 1.24)
1.37 (1.27, 1.49)
1.12 (1.01, 1.25)
0.70 (0.48, 1.01)
1.01 (0.86, 1.20)
1.23 (1.17, 1.29)

0.80 (0.68, 0.93)
1.10 (0.87, 1.38)
1.00 (0.91, 1.10)
1.27 (1.18, 1.35)
0.85 (0.75, 0.96)
1.09 (0.98, 1.21)
0.92 (0.81, 1.06)
1.22 (0.86, 1.73)
0.72 (0.58, 0.90)
1.08 (1.01, 1.14)

0.57 (0.47, 0.70)
1.15 (0.89, 1.47)
0.97 (0.87, 1.07)
1.16 (1.07, 1.20)
0.89 (0.78, 1.02)
1.00 (0.89, 1.13)
1.02 (0.88, 1.18)
0.82 (0.52, 1.30)
0.78 (0.62, 1.00)
1.01 (0.94, 1.08)

CIE (95% CI)*

CIE (95% CI)*

CIE (95% CI)*

LOS after surgery (days)
Charges® (thousands)

0.80 (0.67, 0.93)
10.36 (8.59, 12.14)

—0.13 (= 0.28, 0.03)
13.47 (11.31, 15.62)

0.06 (— 0.11, 0.22)
6.11 (3.80, 8.42)

OR odds ratio, CI confidence interval, CIE change in estimate, LOS length of stay

P values <0.05 are denoted in bold

#Adjusted for year of admission, elective admission, laparoscopic procedure, cancer diagnosis, patient age, sex, comorbidities, primary insurance
type, median household income, hospital size, hospital type, and hospital region

PAt least one postoperative complication (compared to no complications)

“Inflation-adjusted to 2015 dollars

Table 4 Adjusted effect of primary insurance, compared to private insurance, on odds of postoperative complications, length of stay, and

inflation-adjusted charges

Medicare
OR (95% CI)*

Medicaid
OR (95% CI)*

Postoperative complications
Venous thromboembolism
Wound complications
Infection
Bleeding
Cardiac failure
Renal failure
Respiratory failure
Shock
Mortality

Any complication”

1.28 (1.14, 1.44)
1.35 (1.11, 1.64)
1.32 (1.22, 1.43)
1.13 (1.07, 1.20)
1.53 (1.38, 1.69)
1.39 (1.28, 1.52)
1.49 (1.34, 1.67)
1.63 (1.16, 2.27)
1.01 (0.86, 1.20)
1.30 (1.24, 1.37)

1.19 (1.00, 1.40)
1.79 (1.44, 2.21)
1.35 (1.23, 1.48)
1.31 (1.21, 1.41)
1.71 (1.46, 2.01)
1.24 (1.09, 1.41)
1.72 (1.49, 2.00)
1.72 (1.15, 2.58)
1.40 (1.17, 1.68)
1.40 (1.31, 1.50)

CIE (95% CI)*

CIE (95% CI)*

LOS after surgery (days)
Charges® (thousands)

0.61 (0.48, 0.73)
8.34 (6.65, 10.03)

1.27 (1.10, 1.44)
7.72 (5.40, 10.04)

OR odds ratio, CI confidence interval, CIE change in estimate, LOS length of stay

P values <0.05 are denoted in bold

#Adjusted for year of admission, elective admission, laparoscopic procedure, cancer diagnosis, patient age, sex, race/ethnicity, comorbidities,
median household income, hospital size, hospital type, and hospital region

PAt least one postoperative complication (compared to no complications)

“Inflation-adjusted to 2015 dollars
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Table 5 Adjusted effect of estimated median household income within a patient’s ZIP code, compared to the highest income quartile, on odds of
postoperative complications, length of stay, and inflation-adjusted charges

Low
OR (95% CI)*

Medium
OR (95% CI)*

High
OR (95% CI)*

Postoperative complications

Venous thromboembolism 0.93 (0.84, 1.03)
1.08 (0.90, 1.30)
0.98 (0.92, 1.06)
1.01 (0.96, 1.06)
1.19 (1.10, 1.30)
1.10 (1.01, 1.19)
1.13 (1.02, 1.24)
0.94 (0.70, 1.25)
1.29 (1.11, 1.50)
1.11 (1.06, 1.16)

Wound complications
Infection

Bleeding

Cardiac failure

Renal failure
Respiratory failure
Shock

Mortality

Any complicationb

0.93 (0.84, 1.03)
1.03 (0.87, 1.23)
0.97 (0.91, 1.04)
0.97 (0.93, 1.02)
1.12 (1.04, 1.22)
1.07 (0.99, 1.15)
1.04 (0.94, 1.14)
1.06 (0.81, 1.39)
1.26 (1.09, 1.50)
1.03 (0.99, 1.08)

1.00 (0.91, 1.10)
0.96 (0.81, 1.15)
0.98 (0.92, 1.05)
0.96 (0.91, 1.01)
1.12 (1.04, 1.22)
1.04 (0.97, 1.13)
1.03 (0.94, 1.14)
0.90 (0.69, 1.19)
1.21 (1.05, 1.39)
1.01 (0.97, 1.05)

CIE (95% CI)*

CIE (95% CI)* CIE (95% CI)*

0.31 (0.19, 0.43)
0.15 (= 1.45, 1.74)

LOS after surgery (days)
Charges® (thousands)

0.19 (0.08, 0.30)
— 1.51 (- 3.03, 0.01)

0.10 (-0.01, 0.20)
— 0.98 (- 247, 0.52)

OR odds ratio, CI confidence interval, CIE change in estimate, LOS length of stay

P values <0.05 are denoted in bold

4Adjusted for year of admission, elective admission, laparoscopic procedure, cancer diagnosis, patient age, sex, race/ethnicity, comorbidities,

primary insurance, hospital size, hospital type, and hospital region

PAt least one postoperative complication (compared to no complications)

“Inflation-adjusted to 2015 dollars

with previous studies with minimal difference in laparo-
scopic surgery use across race [21, 22]. However, despite
this, we found that black patients were more likely to have
complications after their surgery, even after adjusting for
surgical approach. Furthermore, this trend of increased
complications has not improved but rather stayed consis-
tent over time, suggesting little benefit of current public
health measures in addressing this disparity. A study by
Mehtsun et al. [23] found mortality trends improving by
0.10 percent per year and 0.07 percent per year, for black
and white patients, respectively. Interestingly, our study
did not find any improvement between the disparities of
black patients, as compared to white patients, over the time
period.

Insurance and SES status should also be considered
when analyzing disparities in CRC. A study using the
Surveillance, Epidemiology and End Results (SEER)
database showed that Medicaid patients and the lowest
education level group patients with CRC had poorer
prognosis [7]. Robbins et al. [24] used data from the
National Cancer Data Base (NCDB) and examined insur-
ance status and survival among 19,154 rectal cancer
patients aged 18-64 years. The authors found that the
hazard ratio for death at 5 years, considering privately
insured patients as reference, was 2.05 (95% CI, 1.89-2.23)

@ Springer

among Medicaid-insured patients, and 2.01 (95% CI,
1.84-2.19) among uninsured patients. Similarly, another
study showed that the prevalence of comorbidities among
adult colorectal cancer patients was lower in those with
private insurance, and higher in those insured by public
insurance or who were uninsured. Survival at 1 year was
also poorer for patients without private health insurance
[25]. In line with these findings, we also found that patients
with Medicare, Medicaid, and patients with low household
income had poorer prognosis. Specifically, these patients
were more likely to have serious postoperative complica-
tions and inpatient mortality after colorectal resection for
cancer. Furthermore, this increased likelihood of worsened
complications and outcomes was not found to improve
over the study period.

There are multiple limitations in this retrospective study.
The NIS does not link hospital records, thereby all post-
operative complications and mortality are limited to the
initial admission, which underestimates the overall inci-
dence. Similarly, we used administrative codes to identify
comorbidities and complications, which means that miss-
ing codes would cause us to also underestimate the
prevalence and incidence, respectively. However, many of
the complications would be serious and have a significant
impact on patient treatment and outcomes, which may
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make them less likely to be missed. There is also the
potential for coding errors in large administrative data-
bases. In addition, details about the complexity of the cases
and stage of disease are not provided by NIS, and we were
not able to adjust for it. These factors are likely to influence
the severity at presentation and increase the probability of
inpatient complications. Moreover, if differences in
severity exist across race/ethnicity, primary insurance or
estimated median household income for the patient’s ZIP
code, these unmeasured differences could potentially bias
our results. However, we attempted to minimize the impact
of this by adjusting for cancer type. Finally, the income
variable is not a patient-level measurement, but rather the
median household income for patient’s ZIP code. Future
research should assess the potential impact of SES on
postoperative outcomes is needed.

Conclusions

The use of minimally invasive surgery in patients with
CRC is strongly influenced by insurance type and house-
hold income, with patients with non-private insurance and
low income having less laparoscopic surgery. In addition,
black patients, patients with public insurance, and patients
with low household income have significantly worse
postoperative outcomes. This analysis highlights that dis-
parities in surgical treatment, as well as postoperative
morbidity and mortality, still persist. Greater public health
programming and surgeon-specific treatment strategies to
reduce these disparities and improve surgical outcomes in
underserved patients with CRC are needed.
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