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Abstract

Purpose Up to 40% of patients with inflammatory bowel disease (IBD) are obese. Obesity is a well-known risk factor for
increased perioperative morbidity, but this risk has never been quantified in IBD patients undergoing abdominal surgery using
the United States National Inpatient Sample (NIS) database. This study aims to compare postoperative morbidity between
obese and non-obese patients undergoing bowel resection for IBD using recent NIS data.

Methods Adult patients who underwent bowel resection for IBD from 2015 to 2019 were identified in the NIS using ICD-
10-CM coding. Patients were stratified into obese (BMI > 30 kg/m?) and non-obese groups, then propensity score matched
(PSM) for demographic, operative, and hospital characteristics. The primary outcome was postoperative in-hospital mor-
bidity. Secondary outcomes included postoperative in-hospital mortality, system-specific postoperative complications, total
admission healthcare costs, and length of stay (LOS). Univariable and multivariable regressions were utilized.

Results Overall, 6601 non-obese patients and 671 obese patients were identified. The PSM cohort included 659 patients per
group. Obese patients had significantly increased odds of experiencing postoperative in-hospital morbidity (aOR 1.50, 95%
CI 1.10-2.03, p=0.010) compared to non-obese patients. Specifically, obese patients experienced increased gastrointestinal
complications (aOR 1.49, 95% CI 1.00-2.24, p=0.050), and genitourinary complications (aOR 1.71, 95% CI 1.12-2.61,
p=0.013). There were no differences in total admission healthcare costs (MD — $2256.32, 95% CI— 19,144.54-14,631.9,
p=0.79) or LOS (MD 0.16 days, 95% CI—-0.93-1.27, p=0.77).

Conclusions Obese IBD patients are at greater risk of postoperative in-hospital morbidity than non-obese IBD patients. This
supports targeted preoperative weight loss protocols for IBD patients to optimize surgical outcomes.
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Introduction
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trend is expected to continue, with 50% of the U.S. popula-
tion projected to be obese by 2030 [4]. Despite the conven-
tional association of inflammatory bowel disease (IBD) with
malnourished and underweight patients, the prevalence of
obese IBD patients has also been rising. Today, an estimated
10-40% of IBD patients are obese, with recent evidence sug-
Division of General Surgery, Department of Surgery, gesting that this number will continue to rise [5, 6].

St. Joseph Healthcare, 50 Charlton Avenue East Hamilton, Perioperative morbidity among obese surgical patients
Hamilton, ON L8N 4A6, Canada is higher than non-obese contemporaries [7-9]. Obesity is

Department of Surgery, Division of General Surgery,
McMaster University, Hamilton, ON, Canada

Department of Health Research Methods, Evidence,
and Impact, McMaster University, Hamilton, ON, Canada

3 Michael G. DeGroote School of Medicine, McMaster
University, Hamilton, ON, Canada

Published online: 09 January 2024 @ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00384-023-04588-2&domain=pdf

17 Page 2 of 12

International Journal of Colorectal Disease (2024) 39:17

associated with a plethora of cardiovascular, pulmonary, and
immunologic comorbidities [9]. Additionally, obesity rep-
resents a chronic pro-inflammatory state, which combined
with the increased visceral adiposity can make surgery tech-
nically challenging [8]. Altogether, these factors contribute
to worse perioperative outcomes including wound infections,
anastomotic leaks, incisional hernias, and cardiopulmonary
complications [7].

Currently, there is a lack of robust cohesive evidence
regarding the impact of obesity specifically among IBD
patients undergoing abdominal surgery, and existing evi-
dence is conflicting [7]. A retrospective review of the
American College of Surgeons National Surgical Quality
Improvement Program database from 2005 to 2008 demon-
strated increased short-term perioperative outcomes, which
were mostly driven by surgical site infections (SSI) [10].
Another retrospective study involving 626 patients demon-
strated increased operative time, conversion rate, and blood
loss among obese IBD patients without worse periopera-
tive outcomes as compared to non-obese IBD patients [11].
More recently, a systematic review and meta-analysis pooled
these data and demonstrated significant increases in overall
postoperative morbidity and infectious complications among
obese IBD patients undergoing intra-abdominal surgery
[12]. However, the majority of these previously published
data are at high risk of bias due to confounding.

The National Inpatient Sample (NIS) is the largest public
all-payer inpatient database in the U.S., which has yet to
be analyzed for the purposes of this clinical question. With
the prevalence of obese IBD patients on the rise, further
investigations on the impact of obesity on perioperative out-
comes are timely and would lay the foundation for targeted
perioperative care for this unique population. Therefore,
the objective of this study was to compare post-operative
morbidity, mortality, length of stay (LOS), and hospitali-
zation costs between propensity score matched obese and
non-obese IBD patients undergoing bowel resections using
2015-2019 NIS data.

Methods
Data source

A retrospective population-based cohort study was per-
formed utilizing the Healthcare Cost and Utilization Pro-
ject (HCUP) NIS data from October 1st, 2015, to Decem-
ber 31st, 2019. This data was managed by the Agency for
Healthcare Research and Quality (AHRQ). The timeline
reflects the years that NIS started utilizing the Interna-
tional Classification of Diseases, 10th Revision, Clini-
cal Modification (ICD-10-CM) codes. The NIS is the
largest public all-payer inpatient database in the U.S.
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It approximates a 20% stratified sample of community
hospital discharges and its included hospitals cover more
than 97% of the population, providing a nationally rep-
resentative sample of the patient population and hospital
characteristics. The NIS records information on roughly 7
million hospitalizations annually, including weighted data
to help make population estimates. Local ethics board
approval was not required for this study.

Cohort selection

The NIS captures 30 admission diagnoses and 15 admission
procedures through the ICD-10-CM codes. Corresponding
ICD-10-CM codes were utilized to identify a cohort of adult
patients (> 18 years of age) admitted with a primary diagno-
sis of IBD (i.e., Crohn’s disease, ulcerat colitis, indetermi-
nate colitis). Both male and female sexes, as identified by the
NIS, were included. The study group was further narrowed
by identifying only IBD patients who underwent either small
bowel resection, colectomy, or proctectomy on the given
admission. The diagnosis and procedure codes utilized were
drawn from previous similar studies [13—15] Patients with
missing data pertaining to age, sex, type of hospital admis-
sion (i.e., elective vs. emergent), mortality, LOS, and total
in-hospital healthcare costs were excluded.

Patient and institution characteristics

Patient characteristics that were included for analyses
included age, sex, race (White, Black, Hispanic, Asian or
Pacific Islander, and others), body mass index (BMI) class
(<30, 3040, >40), insurance status (Medicare, Medicaid,
Private Insurance, Self-pay, and others), and income quar-
tile. Comorbidities were assessed with the Charlson Comor-
bidity Index software for ICD-10-CM for each individual
patient. The operative approach (i.e., minimally invasive,
open), operative setting (i.e., emergent versus elective), and
specific type of inflammatory bowel disease (i.e., Crohn’s
disease, ulcerative colitis, indeterminate colitis) were
recorded for each included patient. The institution charac-
teristics that were included for analysis were teaching status,
rural status, region (Northeast, Midwest, South, West), and
bed size (small, medium, large).

Outcomes

The primary outcomes were overall postoperative in-hospital
morbidity. Postoperative morbidity was identified with ICD-
10-CM diagnosis and procedure codes that explicitly identified
individual postoperative outcomes. For postoperative morbid-
ity that was not identifiable by individual ICD-10-CM codes,
the AHRQ Patient Safety Indicators were used [16].
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The secondary outcomes included post-operative mortal-
ity, system-specific postoperative morbidity, postoperative
length of stay, total in-hospital healthcare cost, and discharge
disposition. System-specific complications were grouped
and recorded according to respiratory, cardiovascular, gas-
trointestinal, genitourinary, and infectious complications
using previously utilized methods [17, 18]. Healthcare uti-
lization resources (i.e., length of stay, cost) are recorded in
the HCUP NIS and thus were extracted directly from the
database. Discharge disposition was categorized into home,
short-term hospital, skilled-nursing facility, home health-
care, and others. Due to the nature of the NIS database not
having patient identifiers or linkage with other administra-
tive databases, only in-hospital outcomes could be captured.

Statistical analyses

Patient characteristics were presented as frequencies (%)
for categorical variables and means (standard deviations)
or medians (interquartile ranges (IQR) for continuous vari-
ables. Statistical analyses for categorical and continuous
unmatched baseline variables were performed using the Chi
square test and two sample z-test, respectively. McNemar and
paired #-tests were performed for matched baseline categori-
cal and continuous baseline variables, respectively. Propen-
sity score matching was performed with a 1:1 matching ratio
for obese and non-obese patients. Propensity scores were
computed by modeling a logistic regression with the depend-
ent variable being the odds of experiencing the exposure of
interest (i.e., surgery) and the independent variables as age,
sex, year of treatment, emergent surgery, type of inflam-
matory bowel disease, Charlson Comorbidity Index, opera-
tive approach, type of operation, income quartile, hospital
bed size, and hospital region [19]. Patients were matched
with nearest neighbor matching without replacement [20].
Patients who did not match were excluded from further anal-
yses. The degree of baseline variable balance was assessed
with standardized differences. A high degree of balance was
assumed to be achieved with a standardized difference of
less than 10% [21]. Univariable and multivariable logistic
regression models were fit for the primary outcomes and
dichotomous secondary outcomes according to obesity sta-
tus. Univariable and multivariable linear regression models
were fit for the continuous secondary outcomes according to
obesity status. All multivariable models were determined a
priori by experts in the field on the basis of clinical impor-
tance of the covariate. For each independent variable in the
models, the variation inflation factor (VIF) was calculated
with no evidence of multicollinearity. A sensitivity analysis
with a BMI cut-off of 35 kg/m* was performed. All statisti-
cal tests were two-sided with the threshold for significance
set at p < 0.05. Discharge-level weight provided by HCUP
was used to calculate national estimates. All statistical

analysis was performed using STATA (StataCorp version
18; College Station, TX).

Results

Unmatched patient demographics
and hospital characteristics

Demographic and in-hospital characteristics of the overall
NIS sample and the propensity score matched sample are
reported in Table 1. The NIS sample population included
6601 non-obese IBD patients (mean age 43.8 [18.6], %
female 50.4) and 671 obese IBD patients (mean age 48.3
[18.6], % female 61.5). There were significantly more
female (p <0.001) and older (p <0.001) patients in the
obese cohort. This group also had significantly greater pro-
portion of patients with Crohn’s disease (p =0.007), less
comorbidities according to the Charlson Comorbidity Index
(»<0.001), and underwent fewer proctectomies (p < 0.001)
compared to the obese group. Significantly more non-obese
patients underwent emergent surgery (p =0.003). There
were no differences in the rate of laparoscopic (p =0.370)
or open (p=0.410) operative approaches between the obese
and non-obese patients. Figure 1 demonstrates the increas-
ing prevalence of obese surgical IBD patients from 2016 to
2019 (p=0.049).

Matched patient demographics
and hospital characteristics

Following 1:1 propensity score matching, 659 patients were
left in both arms. Standardized differences were 10% or less
across all baseline patient, treatment, and hospital character-
istics, suggesting adequate matching (Table 1). The majority
of patients had Crohn’s disease (non-obese 60.2%, obese
61.5%), had a Charlson Comorbidity Index of three or less
(non-obese 59.5%, obese 60.1%), were undergoing open
surgery (non-obese 62.7%, obese 63.9%), were undergoing
colectomy (non-obese 81.9%, obese 82.9%), and were under-
going elective surgery (non-obese 67.7%, obese 66.3%).

Postoperative morbidity

Total postoperative in-hospital morbidity occurred in 24.3%
and 32.2% of non-obese and obese patients, respectively.
Adjusted analysis demonstrated significantly higher odds
of in-hospital morbidity in the obese group (aOR 1.50,
95% CI 1.10-2.03, p=0.010). Analysis of the individual
components of the composite outcome demonstrated sta-
tistically significant increases in gastrointestinal (aOR 1.49
95% CI 1.0-2.3, p=0.05) and genitourinary (aOR 1.71 95%
CI 1.12-2.61, p=0.013) complications in the obese group.
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Table 1 Univariate comparison of baseline patient, disease, and hospital characteristics between obese and non-obese inflammatory bowel dis-
ease patients undergoing bowel resection, Nationwide Inpatient Sample September 2015-December 2019

Overall cohort Propensity matched cohort
n (sample size) Non-obese Obese P Non-obese Obese Standardized
. . . difference
N (weighted population estimate) n=6601 n=671 n=659 n=659
N= 33005 N=3355 N=3295 N=3295
Patient characteristics, n (%)
Female sex 3324 (50.4) 413 (61.5) <0.001* 401 (60.8) 406 (61.6) 0.016
Age (mean [SD]) 43.77 (18.60) 48.25 (15.25) <0.001* 48.85 (18.23) 48.30 (15.28) 0.033
Disease
Ulcerative colitis 1334 (20.2) 156 (23.2) 0.063 132 (20.0) 154 (23.4) 0.081
Crohn’s disease 4395 (66.6) 412 (61.4) 0.007* 397 (60.2) 405 (61.5) 0.025
Indeterminant colitis 872 (13.2) 103 (15.4) 0.179 130 (19.7) 100 (15.2) 0.10
Race 0.200 0.10
White 5073 (80.4) 517 (83.0) 532 (83.4) 511 (83.4)
Black 624 (9.9) 54 (8.7) 49 (7.7) 53 (8.6)
Hispanic 345 (5.5) 36 (5.8) 31 4.9) 33(5.4)
Asian or pacific islander 83 (1.3) 3(0.5) 10 (1.6) 3(0.5)
Others 185 (2.9) 13 2.1) 16 (2.5) 13 (2.1)
Insurance 0.200 0.10
Medicare 1336 (20.3) 161 (24.0) 185 (28.1) 159 (24.1)
Medicaid 920 (13.9) 85 (12.7) 67 (10.2) 82 (12.4)
Private insurance 3985 (60.4) 395 (58.9) 377 (57.2) 388 (58.9)
Self-pay 167 (2.5) 14 (2.1) 16 (2.4) 14 (2.1)
Others 188 (2.9) 16 2.4) 14 (2.1) 16 (2.4)
Residential income 0.064 0.087
First quartile (lowest) 1439 (21.8.7) 164 (24.4) 149 (22.6) 152 (23.1)
Second quartile 1593 (24.1) 166 (24.7) 185 (28.1) 166 (25.2)
Third quartile 1810 (27.4) 196 (29.2) 174 (26.4) 196 (29.7)
Fourth quartile (highest) 1759 (26.6) 145 (21.6) 151 (22.9) 145 (22.0)
Charlson Comorbidity Index 0(0,2) 1 (0, 3) <0.001%* 1(0,3) 1 (0, 3) —0.036
(median [IQR])
3> 4559 (69.1) 404 (60.2) <0.001* 392 (59.5) 396 (60.1)
4-6 1693 (25.6) 222 (33.1) <0.001%* 228 (34.6) 220 (33.4)
>7 349 (5.3) 45 (6.7) 0.120 39(5.9) 43 (6.5)
Treatment characteristics, n (%)
Year treated 0.084
2015 411 (6.2) 28 (4.2) 0.033* 31 4.7 27 (4.1)
2016 1533 (23.2) 152 (22.7) 0.740 153 (23.2) 148 (22.5)
2017 1508 (22.8) 148 (22.1) 0.640 134 (20.3) 147 (22.3)
2018 1586 (24.0) 155 (23.1) 0.590 169 (25.6) 152 (23.1)
2019 1563 (23.7) 188 (28.0) 0.012%* 172 (26.1) 185 (28.1)
Surgical approach
Open 4103 (62.2) 428 (63.8) 0.410 413 (62.7) 421 (63.9) 0.025
Minimally invasive 2497 (37.8) 242 (36.1) 0.370 244 (37.0) 237 (36.0) 0.022
Surgical procedure
Small bowel resection 933 (14.1) 82 (12.2) 0.170 83 (12.6) 81 (12.3) 0.0092
Colectomy 5519 (83.6) 557 (83.0) 0.690 540 (81.9) 546 (82.9) 0.024
Proctectomy 989 (15.0) 140 (20.0) <0.001* 133 (20.2) 138 (20.9) 0.019
Emergent surgery 2608 (39.6) 225 (33.6) 0.003* 213 (32.3) 222 (33.7) 0.033

Hospital characteristics, n (%)
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Table 1 (continued)

Overall cohort

Propensity matched cohort

n (sample size) Non-obese Obese P Non-obese Obese Standardized
. . . difference
N (weighted population estimate) n=6601 n=671 n=659 n=659
N=33005 N=3355 N=3295 N=3295
Hospital bed size 0.031
Small 872 (13.2) 91 (13.6) 0.800 85 (12.9) 91 (13.8)
Medium 1543 (23.4) 149 (22.2) 0.490 153 (23.2) 147 (22.3)
Large 4186 (63.4) 431 (64.2) 0.680 421 (63.9) 421 (62.9)
Teaching status 0.0086
Non-teaching 807 (12.2) 75 (11.2) 0.430 66 (10.0) 72 (10.9)
Teaching 5598 (84.8) 571 (85.1) 0.840 564 (85.6) 562 (85.3)
Not reported 196 (3.0) 253.7) 0.293 29 (4.4) 25(3.8)
Hospital location 0.031
Urban 6405 (97.0) 646 (96.3) 0.280 630 (95.6) 634 (96.2)
Rural 196 (3.0) 253.7) 0.280 29 (4.4) 25(3.8)
Hospital region
Northeast 1393 (21.1) 136 (20.3) 0.610 144 (21.9) 134 (20.3) 0.037
Midwest 1784 (27.0) 223 (33.2) 0.001* 193 (29.3) 220 (33.4) 0.088
South 2354 (35.7) 223 (33.2) 0.210 230 (34.9) 218 (22.1) 0.038
West 1070 (16.2) 89 (13.3) 0.047* 92 (14.0) 87 (12.3) 0.022

All n are analytic sample; N are survey-weighted to reflect national estimates. Percentages may not add up to 100% due to rounding

“p<0.05

The obese cohort experienced a greater absolute percentage
of outcomes across all these complications sub-categories
and demonstrated a statistically significant increased risk of
developing AKI (Table 2).
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Postoperative mortality

In-hospital mortality rates were low in both groups (Table 2).
There were 5 (0.8%) deaths in the non-obese cohort and 2

2017
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Table 2 In-hospital mortality and morbidity based on obesity-status in a propensity score matched cohort, Nationwide Inpatient Sample Septem-

ber 2015-December 2019

n (sample size) Non-obese Obese Unadjusted OR (95% CI) p Adjusted OR** (95% CI) p
N (weighted population estimate) n=659 n=659
N=3295 N=3295
In-hospital mortality, n (%) 5(0.8) 2(0.3) 0.40 (0.052-3.08) 0.38 0.48 (0.046-5.01) 0.54
Post-operative ICU admission, n (%) 18 (2.7) 40 (6.1) 2.30 (1.15-4.61) 0.019*  2.52(1.24-5.11) 0.01%*
Composite system-specific complications,
n (%)
Any 160 (24.3) 212(32.2) 1.48(1.10-1.99) 0.01* 1.50 (1.10-2.03) 0.01*
Respiratory 20 (3.0) 19 (2.9) 0.95 (0.44-2.06) 0.89 1.12 (0.51-2.48) 0.78
Pneumonia 10 (1.5) 7 (1.1) 0.70 (0.21-2.34) 0.56 0.75 (0.24-2.38) 0.63
Cardiovascular 1(0.2) 5(0.8) 5.03 (0.35-72.61) 0.24 5.38 (0.47-61.83) 0.18
Stroke 1(0.2) 0(0.0) - - - -
MI 0(0.0) 4 (0.6) - - - -
Gastrointestinal 69 (10.5) 99 (15.0) 1.51 (1.01-2.26) 0.044* 1.49 (1.001-2.25) 0.05
Ileus 56 (8.5) 70 (10.6) 1.28 (0.81-2.01) 0.29 1.27 (0.80-2.03) 0.31
Anastomotic leak 33(5.0) 53 (8.0) 1.66 (0.94-2.92) 0.079 1.63 (0.93-2.86) 0.086
Postoperative bowel obstruction 127 (1.9) 16 2.4) 1.24 (0.70-2.21) 0.45 1.25 (0.70-2.24) 0.45
Genitourinary 64 (9.7) 97 (14.7) 1.60 (1.07-2.40) 0.022 1.71 (1.12-2.61) 0.013*
Acute kidney injury 20 (3.0) 44 (6.7) 2.29 (1.18-4.44) 0.015*  2.57 (1.31-5.03) 0.006*
Urinary retention 25(3.8) 31 4.7) 1.25 (0.64-2.44) 0.51 1.26 (0.64-2.48) 0.50
Urinary tract infection 22 (3.3) 31 4.7) 1.43 (0.72-2.83) 0.30 1.53 (0.76-3.11) 0.24
Infectious 40 (6.1) 49 (7.4) 1.24 (0.74-2.09) 0.41 1.24 (0.74-2.10) 0.42
Wound 7 (1.1) 14 (2.1) 2.02 (0.65-6.24) 0.22 2.02 (0.68-6.06) 0.21
Post-procedural shock 3(0.5) 3(0.5) 1.00 (0.14-7.21) 1.00 0.75 (0.13-4.21) 0.74
Discharge disposition, n (%)
Home 425 (64.5) 399(60.5)  0.84 (0.65-1.09) 0.20 0.81 (0.62-1.07) 0.14
Short-term hospital 1(0.2) 4 (0.6) 4.02 (0.26-61.13) 0.32 6.31 (0.38-105.02) 0.20
Skilled nursing facility 40 (6.1) 44 (6.7) 1.11 (0.65-1.88) 0.71 1.50 (0.81-2.76) 0.20
Home healthcare 186 (28.2) 208 (31.6)  1.17 (0.89-1.54) 0.25 1.18 (0.89-1.56) 0.24
Other 6(0.9) 4 (0.6) 0.66 (0.14-3.22) 0.61 0.78 (0.14-4.40) 0.77

All n are analytic sample; all % and means (SD) are survey-weighted to reflect national estimates

*p<0.05; "“Adjusted by age, Charlson Comorbidity Index, type of inflammatory bowel disease (i.e., Crohn’s vs. ulcerative colitis), type of oper-
ation (i.e., small bowel resection, colectomy, proctectomy), operative approach (i.e., minimally invasive vs. open), insurance status, income quar-

tile, hospital bed size, and location of hospital (i.e., urban vs. rural)

deaths (0.3%) in the obese cohort. There were no significant
differences between the two on adjusted analyses (aOR 0.48
95% CI 0.046-5.01, p=0.54).

Length of stay

The mean hospital LOS in the non-obese and obese groups
were 8.39 (SD 9.89) and 8.57 (SD 7.51) days, respectively
(Table 3). There were no statistically significant differences
in LOS between the two groups on adjusted analyses (MD
0.16 days, 95% CI—0.94-1.27, p=0.77).

Cost

The mean total hospitalization costs for the non-obese and
obese groups in U.S. dollars (USD) were $105,139.37 (SD
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177,167.59) and $102,244.65 (SD 94,041.78), respectively
(Table 3). There were no significant differences in hospitali-
zation costs between the two groups on adjusted analyses
(MD — $2256.32,95% CI—$19,144.54-14,631.90, p=0.79).

Sensitivity analysis

After propensity score matching patients above and below a
BMI cut-off of 35 kg/m?, there were 377 patients included
in each arm (Table 4). Standardized mean differences sug-
gested that the groups were well matched aside from year of
treatment (standardized mean difference: 19.6%) and insur-
ance group (standardized mean difference 17.6%).

Total postoperative in-hospital morbidity occurred in
27.3% and 32.4% of patients below and above a BMI of
35 kg/m?, respectively. Adjusted analysis demonstrated that
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Table 3 Healthcare utilization outcomes based on obesity-status in a propensity score matched cohort, Nationwide Inpatient Sample September

2015-December 2019

n (sample size) Non-obese Obese Unadjusted mean difference p Adjusted mean difference** p

N (weighted population esti- n=659 n=650 95% CI) 95% CI)

mate) N=3295 N=3295

Cost, mean (SD), USD 105,139.37 102,244.65  —2,894.73 (—21,720.20 0.76 —2,256.32 (—19,144.54 to 0.79
(177,167.59)  (94,041.78)  to+15,930.75) 14,631.90)

Total length of stay, mean 8.39 (9.89) 8.57(7.51)  +0.18 (—1.01 to+1.38) 0.77 +0.16 (—0.94 to+1.27) 0.77

(SD), days

All n are analytic sample; all % and means (SD) are survey-weighted to reflect national estimates

IQR interquartile range; USD United States dollars

*p <0.05; ~*Adjusted by age, Charlson Comorbidity Index, type of inflammatory bowel disease (i.e., Crohn’s vs. ulcerative colitis), type of oper-
ation (i.e., small bowel resection, colectomy, proctectomy), operative approach (i.e., minimally invasive vs. open), insurance status, income quar-

tile, hospital bed size, and location of hospital (i.e., urban vs. rural)

postoperative in-hospital morbidity was not significantly
different between groups (aOR 1.29, 95% CI 0.94-1.78,
p=0.12). Respiratory complications were significantly
greater in the patients with a BMI greater than 35 kg/m?
(aOR 2.68, 95% CI 1.05-6.84, p=0.039). Otherwise, there
were no significant differences in system-specific morbidity
(Table 5). In-hospital postoperative mortality was extremely
low in both groups.

Mean hospital LOS was 8.35 days (SD 7.21) and
8.97 days (SD 8.55) for the patients below and above the
cut-off, respectively (Table 6). Mean cost of hospitaliza-
tion was $96,716.10 (SD 79,071.80) and $105,849.64 (SD
109,324.98) for the patients below and above the cut-off,
respectively. There were no significant differences for either
outcome on adjusted analyses (Table 6).

Discussion and conclusions

This nationwide retrospective matched cohort study is the
first analysis of NIS data investigating the impact of obesity
on IBD patients undergoing intraabdominal surgery. Obese
IBD patients were found to be at increased risk of experi-
encing postoperative in-hospital complications, specifically
gastrointestinal and genitourinary complications. There were
no significant differences in index LOS, total hospitalization
costs, or postoperative mortality. With the increasing rates of
obese IBD patients seemingly outpacing existing evidence,
this is an important addition to this area of study.

Previous studies utilizing other large databases, namely
NSQIP and local hospital-based data, have demonstrated
conflicting evidence on this topic [10, 11]. Both have
reported significantly increased operative times and rates
of conversion from laparoscopic to open procedures. Yet,
postoperative data in the NSQIP study by Causey et al.,
which involved 379 obese and 1940 non-obese Crohn’s
disease patients, demonstrated significantly increased

wound infections in the obese group [10]. These findings
were not replicated in one of the larger single-center stud-
ies by Krane et al., which included 85 obese and 541 non-
obese IBD patients [11]. The study herein is a propensity
score matched study involving 659 IBD patients per group,
allowing for greater confidence that the results were less
influenced by important confounding variables. Like the
NSQIP study, there were increased post-operative compli-
cations seen in the obese group, but the greatest system-
specific contributors of post-operative complications were
gastrointestinal and genitourinary outcomes. Increased
wound complications, as seen in the NSQIP study, were
not seen here likely due to the limitation of NIS capturing
in-hospital data only [10].

Although obesity is a well-known risk factor for com-
plications from surgery, there remains several gaps in the
understanding of obesity as it specifically relates to sur-
gical patients with IBD [7]. This is likely a result of the
recent shift in IBD patient demographics from the clas-
sic underweight, malnourished profile. There are several
theories to explain this demographic shift. It has been pro-
posed that obesity can predispose a patient to IBD devel-
opment or contribute to its severity [22]. Others suggest
that obesity may be a result of dysmetabolism from IBD or
from steroid use as part of their treatment regimen [7, 23,
24]. By extension, some believe that this is a function of
improved overall management of IBD such that they can
retain nutrition and gain weight [10]. This is supported by
the shift toward increased elective over emergency surgi-
cal interventions for refractory IBD [10]. Nonetheless, the
study herein demonstrates that obesity is a risk factor for
poor surgical outcomes, and the above theoretical frame-
works provide potential areas for further study to improve
operative outcomes.

The study findings suggest that there are fundamental
differences between obese and non-obese IBD patients that
require consideration prior to surgical intervention. The
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Table 4 Propens.ity score Prospensity matched cohort
matched cohort inflammatory
bowel disease patients n (sample size) BMI <35 BMI > 35 Standardized
undergoing bowel resection . . . difference
above and below a body mass N (weighted population estimate) n =377 N=1885 n =377 N=1885
. 2
;1;15 z:\ngir?;aiiserl:tg/srzn’lple Patient characteristics, n (%)
September 2015-December Female sex 236 (62.6) 241 (63.9) 0.028
2019 Age (mean [SD]) 47.27 (17.83) 47.62 (15.30) —-0.021
Disease
Ulcerative colitis 79 (21.0) 81 (21.5) -0.013
Crohn’s disease 237 (62.9) 231 (61.3) 0.033
Indeterminant colitis 61 (16.2) 65 (17.2) 0.021
Race 0.10
White 302 (84.4) 289 (82.3)
Black 24 (6.7) 34(9.7)
Hispanic 21(5.9) 19 (5.4)
Asian or pacific islander 3(0.8) 1(0.3)
Others 8(2.2) 8(2.3)
Insurance 0.18
Medicare 97 (25.7) 103 (27.3)
Medicaid 35(9.3) 53 (14.1)
Private insurance 226 (59.9) 206 (54.6)
Self-pay 10 (2.7) 6(1.6)
Others 9(2.4) 9(2.4)
Residential income 0.09
First quartile (lowest) 107 (28.4) 97 (25.7)
Second quartile 99 (26.3) 103 (27.3)
Third quartile 95 (25.2) 115 (30.5)
Fourth quartile (highest) 76 (20.2) 62 (16.4)
Charlson Comorbidity Index 1(0,3) 1(0,2) 0.029
(median [IQR])
3> 231 (61.3) 227 (60.2)
4-6 115 (30.5) 125 (33.2)
>7 318.2) 25 (6.6)
Treatment characteristics, n (%)
Year treated 0.20
2015 29 (7.7) 16 (4.2)
2016 74 (19.6) 92 (24.4)
2017 72 (19.1) 83 (22.0)
2018 97 (25.7) 87 (23.1)
2019 105 (27.9) 99 (26.3)
Surgical approach
Minimally invasive 120 (31.8) 128 (34.0) —0.045
Surgical procedure
Small bowel resection 51 (13.5) 42 (11.1) 0.073
Colectomy 302 (80.1) 316 (83.8) —0.097
Proctectomy 75 (19.9) 69 (18.3) 0.040
Emergent surgery 252 (66.8) 245 (65.0) 0.039
Hospital characteristics, 7 (%)
Hospital bed size 0.029
Small 51(13.5) 54 (14.3)
Medium 85 (22.5) 87 (23.1)
Large 241 (63.9) 236 (62.6)
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Table 4 (continued)

Prospensity matched cohort

n (sample size) BMI <35 BMI > 35 Standardized
) . . difference
N (weighted population estimate) n=377 N=1885 n=377 N=1885
Teaching status 0.029
Non-teaching 45(11.9) 47 (12.5)
Teaching 318 (84.4) 314 (83.3)
Not reported 14 (3.7) 16 (4.2)
Hospital location 0.027
Urban 363 (96.3) 361 (95.8)
Hospital region 0.042
Northeast 71 (18.8) 76 (20.2)
Midwest 118 (31.3) 120 (31.8)
South 137 (36.3) 133 (35.3)
West 51(13.5) 48 (12.7)

All n are analytic sample; N are survey-weighted to reflect national estimates. Percentages may not add up

to 100% due to rounding
*p<0.05

Table 5 In-hospital mortality and morbidity based on sensitivity analysis (body mass index cut-off of 35 kg/m?), Nationwide Inpatient Sample

September 2015-December 2019

n (sample size) BMI <35 BMI > 35 Unadjusted OR (95% CI) P Adjusted OR** (95% CI) p
N (weighted population estimate) n=377 n=377
N=1885 N=1885
In-hospital mortality, n (%) 0 2(0.5) - - -
Post-operative ICU admission, n (%) 14 (3.7) 23 (6.1) 1.68 (0.85-3.32) 0.13 1.83 (0.91-3.68) 0.092
Composite system-specific complications, n (%)
Any 103 (27.3)  122(324) 1.27 (0.93-1.74) 0.13 1.29 (0.94-1.78) 0.12
Respiratory 7(1.9) 17 4.5) 2.49 (1.02-6.09) 0.044*  2.68 (1.05-6.84) 0.039*
Pneumonia 3(0.8) 5(1.3) 1.68 (0.40-7.06) 0.48 1.91 (0.43-8.39) 0.39
Cardiovascular 1(0.3) 5(1.3) 5.05 (0.59-43.46) 0.14 7.14 (0.74-68.53) 0.089
Stroke 1(0.3) 0(0.0) - - -
MI 0(0.0) 4(1.1) - - -
Gastrointestinal 47 (12.5) 52 (13.8) 1.12 (0.74-1.72) 0.59 1.13 (0.73-1.73) 0.59
Tleus 37(9.8) 38 (10.1) 1.03 (0.64-1.66) 0.90 1.04 (0.64-1.69) 0.88
Anastomotic leak 25 (6.6) 25 (6.6) 1.00 (0.56-1.77) 1.00 0.99 (0.55-1.77) 0.98
Genitourinary 45 (11.9) 54 (14.3) 1.23 (0.87-1.89) 0.33 1.26 (0.81-1.95) 0.31
Acute kidney injury 16 (4.2) 27 (7.2) 1.74 (0.92-3.29) 0.087 1.92 (0.99-3.73) 0.054
Urinary retention 14 (3.7) 16 (4.2) 1.15 (0.55-2.39) 0.71 1.13 (0.54-2.36) 0.75
Urinary tract infection 17 (4.5) 18 (4.8) 1.06 (0.54-2.09) 0.86 1.06 (0.53-2.12) 0.86
Infectious 27(7.2) 33(8.8) 1.24 (0.73-2.11) 0.42 1.26 (0.73-2.15) 0.41
Wound 3(0.8) 8(2.1) 2.70 (0.71-10.27) 0.14 2.97 (0.77-11.50) 0.12
Post-procedural shock 2(0.5) 1(0.3) 0.50 (0.045-5.52) 0.57 0.25 (0.014-4.34) 0.34
Discharge disposition, n (%)
Home 243 (64.5) 221 (58.6) 0.78 (0.58-1.04) 0.10 0.77 (0.56-1.05) 0.10
Short-term hospital 2(0.5) 3(0.8) 1.50 (0.25-9.05) 0.66 1.50 (0.23-9.61) 0.67
Skilled nursing facility 22(5.8) 32 (8.5) 1.50 (0.85-2.63) 0.16 1.95 (1.03-3.67) 0.040%*
Home healthcare 109 (28.9) 117 (31.0) 1.11 (0.81-1.51) 0.53 1.11 (0.80-1.53) 0.53
Other 1(0.3) 4(L1.1) 4.03 (0.45-36.24) 0.21 4.17 (0.44-39.45) 0.21

All n are analytic sample; all % and means (SD) are survey-weighted to reflect national estimates

“p<0.05; “*Adjusted by age, Charlson Comorbidity Index, type of inflammatory bowel disease (i.e., Crohn’s vs. ulcerative colitis), type of oper-
ation (i.e., small bowel resection, colectomy, proctectomy), operative approach (i.e., minimally invasive vs. open), insurance status, income quar-

tile, hospital bed size, and location of hospital (i.e., urban vs. rural)
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Table 6 Healthcare utilization outcomes based on sensitivity analysis (body mass index cut-off of 35 kg/m?), Nationwide Inpatient Sample Sep-

tember 2015-December 2019

n (sample size) Non-obese Obese Unadjusted mean difference p Adjusted mean difference** p

N (weighted population esti- n=659 n=650 95% CI) 95% CI)

mate) N=3295 N=3295

Cost, mean (SD), USD 105,139.37 102,244.65  9133.54 (—4538.79 to 0.19 8990.11 (—4383.07 to 0.19
(177,167.59)  (94,041.78)  22,805.87) 22,363.38)

Total length of stay, mean 8.39 (9.89) 8.57(7.51)  0.62(—0.52to 1.74) 0.29 0.60 (—0.50 to 1.70) 0.28

(SD), days

All n are analytic sample; all % and means (SD) are survey-weighted to reflect national estimates

IQR interquartile range; USD United States dollars

*p <0.05; “*Adjusted by age, Charlson Comorbidity Index, type of inflammatory bowel disease (i.e., Crohn’s vs. ulcerative colitis), type of oper-
ation (i.e., small bowel resection, colectomy, proctectomy), operative approach (i.e., minimally invasive vs. open), insurance status, income quar-

tile, hospital bed size, and location of hospital (i.e., urban vs. rural)

aforementioned increase in elective operations may gener-
ate a window of opportunity for pre-operative optimization.
Early involvement of registered dieticians, exercise regimens,
and careful coordination of medication regimens could opti-
mize nutrition while also potentially promoting weight loss.
Similar preoperative optimization programs have been suc-
cessfully implemented in patients undergoing surgery for
colorectal cancer, hepatobiliary disease, esophagogastric
malignancies, and more [25-27]. This could potentially
reduce the technical challenge of surgery in obese patients,
which may, in turn, reduce complications like anastomotic
leaks [28—30]. Specific post-operative protocols can be devel-
oped for the obese IBD patient to avoid complications identi-
fied in this study such as AKI, urinary retention, UTI, and
ileus, through specific fluid resuscitation and Foley manage-
ment protocols as well as increased supports for early mobi-
lization. Moreover, an understanding of the increased odds
of postoperative morbidity for these patients can heighten
postoperative monitoring and lower the threshold for inves-
tigating potential postoperative complications [31].

Sensitivity analysis with a BMI cut-off of 35 kg/m? dem-
onstrated that patients with BMI greater than 35 kg/m? were
only at increased risk of respiratory complications, and that
the significant differences demonstrated between the obese
and non-obese groups in the main analyses in terms of overall
in-hospital morbidity, gastrointestinal complications, and geni-
tourinary complications were lost. This may have been a result
of reduced statistical power as the overall cohort size with the
sensitivity analysis was halved. It is also possible that these
data indicate that a BMI cut-off of 30 kg/m? is most appropri-
ate for risk stratifying these patients. Further data are required
to explore an optimal BMI cut-off, especially in the context of
pre-operative optimization; however, for the time being, a cut-
off of 30 kg/m? appears appropriate for these patients.

The strengths of this study include its novelty, statistical
power, and the propensity score matching. However, there
remain several limitations. Firstly, this study is limited by its

@ Springer

retrospective design and reliance on large population-level
data that inherently increase the risk for selection bias. Sec-
ondly, there is significant risk of residual confounding in the
present study due to the number of variables that are impor-
tant to the care of surgical IBD patients that the NIS does
not capture. For example, IBD severity, steroid use, biologic
use, and age of IBD onset are all important variables that can
predict postoperative morbidity and healthcare utilization
data that are not captured by the NIS. The NIS also does
not collect post-discharge postoperative data. Thus, delayed
postoperative outcomes such as anastomotic leaks and SSIs
may have been underreported in the present cohort. This is
important to consider while interpreting the results of our
study, as there’s an increased risk of SSI among patients
with IBD, which may commonly manifest post-discharge
especially with the use of perioperative immunosuppressants
[32—34]. This could be further exacerbated by obesity, which
independently, and in the context of IBD, has been demon-
strated to be a risk factor for SSI [12, 35, 36]. Altogether,
the lack of post-discharge postoperative data may have led
to underestimation of the morbidity effect size. Moreover,
important long-term postoperative outcomes such as dis-
ease recurrence and incisional hernia could not be captured.
Lastly, due to the nature of the ICD-10-CM coding, errors in
identifying patients based on diagnosis and procedural codes
are possible and may impact the accuracy of these findings.
This large retrospective matched cohort study of NIS data
contributes to the growing body of evidence that obesity is a
risk factor for worse postoperative outcomes in IBD patients
undergoing abdominal surgery. Although there are no differ-
ences in LOS, hospital costs, and mortality, the significant
differences in postoperative complications support the devel-
opment of targeted perioperative management protocols for
this unique patient population. Future studies should aim
to evaluate perioperative interventions aimed at improving
postoperative outcomes in obese surgical IBD patients.
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