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Abstract
Objective

This study evaluated trends and racial disparities in hospitalization, clinical outcomes, and resource
utilization for diverticular disease (DD) between 2017 and 2020.

Methods

We performed a retrospective analysis using the NIS database from 1 January 2017 to 31 December 2020 to
study hospitalizations for DD (CCSR code: DIG013). Our primary outcomes were hospitalization rates, all-
cause mortality, total charges, and length of stay. Secondary outcomes included in-hospital

complications and discharge status. Outcomes were stratified by race and ethnicity (White, Black, Hispanic,
Asian or Pacific Islanders and Native Americans). Data were weighted and adjusted for clustering,
stratification, and other relevant factors. The normality of the continuous data distribution was confirmed
using Kolmogorov-Smirnov, and descriptive statistics were used to summarize variables. Demographic
characteristics were compared using x? and Student’s t-test, with significance set at P<0.05. We

used stepwise multivariable logistic regression to estimate adjusted odds ratios for study outcomes by race
and ethnicity, controlling for demographic and clinical factors and correcting for multicollinearity. Missing
data were treated with multiple imputations, trend analyses were performed using Jonckheere-Terpstra
tests, and costs were adjusted for inflation using the GDP price index. Analyses were conducted with Stata
17MP.

Results

A total of 1,266,539 hospitalizations for DD were included for analysis. Approximately 953,220 (75.3%) were
White patients and 313,319 (24.7) did not belong to the White race. A total of 747,868 (59%) were women
compared to 518,671 (41%) men. Compared to patients who were not of the White race, White patients were
younger (63.5 vs. 66.8 years; p<0.001). Hospitalizations for DD increased by 1.2% from 323,764 to 327,770
hospitalizations (2017-2019) and decreased by 11.8% from 327,770 to 289,245 admissions in 2020. Mortality
rates were higher among White patients than in those not of the White race (16,205 (1.7%) vs 5,013

(1.6%)). However, no significant difference was observed in mortality odds between both sets of patients
(aOR, 0.953; 95% CI 0.881-1.032; P=0.237). Mortality rates showed an uptrend over the study period (4,850
(1.5%) in 2017 to 5,630 (1.9%) in 2020; Ptrend<0.001). DD accounted for 7,016,718 hospital days, 2,102,749
procedures, and US$ 6.8 billion in hospital costs. Mean hospital costs increased from US$54,705 to
US$72,564 over the study period (P<0.000). Patients who were not of the White race incurred higher mean
hospital charges than White patients ($67,635 * $6,700 vs $59,103 + $3,850; P<0.001). Black race correlated
with lower odds of bowel perforation, routine home discharge, and bowel resection (P<0.001).

Conclusion

During the study period, hospitalization and mortality rates and resource utilization for DD increased.
Patients from other races incurred higher hospital costs than White patients. White Americans were more
likely to be discharged to skilled nursing, intermediate care, and other facilities. Additionally, White patients
were less likely to develop bowel abscesses compared to patients who were not White. Compared to White
American patients, Black patients had fewer DD hospitalizations complicated by bowel perforations or
requiring bowel resections. In contrast, DD admissions among Hispanic patients were more likely to require
bowel resections than those among White American patients.
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Introduction

The term diverticular disease (DD) includes both asymptomatic diverticulosis and the various complications
associated with colonic diverticulosis. Acute diverticulitis, a clinical manifestation of diverticular disease, is
a leading gastrointestinal indication for hospitalization in the United States [1]. It imposes a significant
burden on individuals and the healthcare system, marking its relevance as a medical condition and a
reflective lens into the systemic challenges of healthcare delivery and disparity. Acute diverticulitis is the
most common complication (the second being diverticular bleeding) of diverticular disease and a precursor
to more severe complications such as perforation, abscess, and fistula formation [2]. Although amenable to
conservative management through bowel rest and broad-spectrum antibiotic administration when
uncomplicated, complicated diverticulitis may be unresponsive to treatment and result in life-threatening
disease [3].

The existing literature shows that the prevalence of diverticular disease may be steadily increasing. In 1998,
the United States recorded 3,414 mortalities due to diverticular disease [4]. This resulted in a mortality rate
of 2.5 per 100,000 people, placing diverticular disease as the sixth leading cause of death related to
gastrointestinal disorders. In 2004, it was responsible for 3,372 deaths out of a total of 2,397,615,
representing 0.14% of overall deaths [5]. The current data indicate that annually, in the United States, there
are more than 2.7 million outpatient visits and 200,000 inpatient admissions for diverticulitis at a cost of
more than $2 billion [6,7].

Although sparse, available knowledge on racial disparities in diverticulosis also reveals that racial disparities
are prevalent in the incidence of the disease in the United States. White American individuals typically have
higher odds of developing diverticulosis overall. In contrast, Black individuals and Asian/Pacific Islanders
tend to have a lower likelihood of developing the disease [8]. However, they have a higher risk of
experiencing proximal diverticulosis, a specific form of the disease located at the proximal colon. Among
patients with diverticulosis who undergo surgery, the Black race has been independently associated with
higher 30-day morbidity and the non-Hispanic/Pacific Islander race has been associated with higher
mortality [9].

Using hospitalization data from the Nationwide Inpatient Sample (NIS) database, this study aimed to
evaluate temporal trends in the prevalence and outcomes of diverticulitis, juxtaposing them against the
racial identities of hospitalized individuals across the United States in 2017-2020.

Materials And Methods

We performed a retrospective analysis using the NIS database from January 1, 2017, to December 31, 2020.
The NIS is a publicly accessible database of all payers, approximating a 20% stratified sample of discharges
from US community hospitals participating in the Healthcare Cost and Utilization Project. The data

include information on each hospitalization, including primary and secondary diagnosis, patient
demographics, primary payer, information regarding comorbidities, length of stay, and mortality [10-12]. We
queried the NIS database to identify all hospitalizations during the specified period with a primary or
secondary diagnosis of diverticular disease using the Clinical Classification Software Refined (CCSR) code
DIGO13 (diverticulosis and diverticulitis).

We included adult patients aged 18 and older with a primary or secondary diagnosis of diverticular disease
who were hospitalized between 2017 and 2020. Inclusion required documented race and ethnicity
information to analyze racial disparities. We excluded patients younger than 18, those with incomplete
demographic or clinical data, and those hospitalized for disorders other than diverticular disease.

Our primary outcomes of interest included rates and trends in hospitalization, all-cause in-hospital
mortality, total hospital charges, and length of hospital stay. Mortality, cost, and hospital length of stay
variables were already defined in the NIS. Secondary outcomes included in-hospital complications
(including abscess formation, fistulae, perforation), bowel resection (proctosigmoidectomy), and home
(routine) versus nonhome discharges. Nonhome discharges included discharges to skilled nursing facilities,
acute care hospitals, and home health care. Home vs. nonhome discharges were already recorded within
predefined discharge variables in the NIS. In-hospital complications were defined using the 10th revision of
the International Statistical Classification of Diseases (ICD-10) procedure codes (Appendices).

All outcomes were stratified by race/ethnicity, as White and non-White (this included Black, Hispanic, Asian
or Pacific Islander, Native American, or other races as classified by the NIS description of data elements) for
simplicity. As recommended by the Agency for Healthcare Research and Quality (AHRQ), weighted data were
used for all statistical analyses [13]. We accounted for clustering (HOSP_NIS), weighting (DISCWT), and
stratification (NIS_STRATUM) within the Nationwide Inpatient Sample during this study, ensuring the use of
only population-representative data. The normality of the data distribution was confirmed for variables of
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Variable

Age (years), mean + SD
Female

Elective vs. nonelective admission
Inpatient mortality
Insurance Payer
Medicare

Medicaid

Private Insurance
Self-Pay

Household Income
0-25th percentile
26th—50th percentile
51st-75th percentile
76th—100th percentile

Comorbidities
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interest using the Shapiro-Wilk test. We used descriptive statistics to summarize continuous and categorical
variables. Mean and standard deviation were used for continuous variables, and totals and percentages were
used for categorical variables. We used univariate analyses for between-group comparisons, Pearson’s chi-
square test for categorical variables, and Student’s t-test for continuous variables, with a P-value of 0.05
considered statistically significant.

Stepwise multivariate logistic regression was used to estimate the adjusted odds ratio (aOR) and 95%
confidence intervals (95% CI) to determine the association between race and measured clinical outcomes in
patients with acute diverticulitis. All multivariate logistic regression models used a P-value of 0.05 for
statistical significance. Multivariate regression models were adjusted for age, sex, elective vs. nonelective
admission, insurance status, patient location, median household income, All-Patient-Refined (APR) severity
of illness subclass, APR-Risk of mortality, and statistically significant comorbidities (hypertension, diabetes
mellitus, tobacco use, heart failure, hyperlipidemia, obesity, coronary artery disease, COVID-19, chronic
kidney disease, and chronic obstructive pulmonary disease) between groups. Multicollinearity was assessed
using the variance inflation factor (VIF), with variables having VIF>5 excluded from the final regression
model [14]. Missing data elements were treated using multiple imputations [15,16]. Trend analyses were
performed using the Jonckheere-Terpstra trend tests with statistical significance set at P<0.05. Hospital
costs were estimated in U.S. dollars and adjusted for inflation using the gross domestic product (GDP) price
index [17]. All statistical analyses were performed using STATA 17/MP software (Stata Corp, LLC, College
Station, TX, USA).

Results
Baseline characteristics

The mean rate of missing data was 0.5%. 'RACE' exhibited the highest rate of missing data (1.1%). Multiple
imputations were applied to treat the absent data. Subsequently, a comprehensive analysis of the study
cohort was conducted.

During the study period, 1,266,539 hospitalizations for diverticular disease were recorded. Of these, 953,220
were White patients and 313,319 were not from the White race. Detailed baseline characteristics are shown
in Table /. White patients hospitalized for diverticular disease were typically younger, averaging 63.5 years
as compared to 66.8 years for patients who were not of the White race (p<0.001). Additionally, a higher
proportion of White patients rather than patients from other races were male (394,633 (41.4%) vs. 122,037
(39.2%); p<0.001) and admitted electively (172,533 (18.1%) vs. 42,962 (13.8%); p<0.001). In contrast, patients
from other races were more frequently covered by Medicaid (44,830 (14.4%) vs. 57,193 (6.0%); p<0.001) or
were uninsured (17,123 (5.5%) vs. 25,736 (2.7%); p<0.001). In addition, a greater percentage of patients from
races other than White belonged to the lower quartile (0-25th percentile) of household income (115,811
(37.2%) vs 208,755 (21.9%); p<0.001).

White race (N= 953,220), n (%) unless otherwise indicated Non-White races (N=311,319), n (%), unless otherwise indicated P-value
63.516.7 66.8+3.6 <0.001
558,586 (58.6) 189,282 (60.8) <0.001
172,532 (18.1) 42,962 (13.8) <0.001
16,205 (1.7) 4,981 (1.6) 0.006
<0.001
543,335 (57.0) 151,924 (48.8)
57,193 (6.0) 44,830 (14.4)
326,954 (34.3) 97,443 (31.3)
25,736 (2.7) 17,123 (5.5)
<0.001
208,755 (21.9) 115,811 (37.2)
261,182 (27.4) 76,584 (24.6)
251,650 (26.4) 66,311 (21.3)
231,632 (24.3) 52,924 (17.0)
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Hypertension

Tobacco use

Obesity

Hyperlipidemia

Diabetes types 1 and 2

Heart failure

CKD

COoPD

CAD

CoVID-19

Patient Location

“Central” counties with metro areas of 21 million people
“Fringe” counties with metro areas of 21 million people
Counties in metro areas with 250,000-999,999 people
Counties in metro areas with 50,000-249,999 people
Micropolitan counties

Not metropolitan or micropolitan counties

441,340 (46.3) 148,499 (47.7) <0.001

375,568 (39.4) 101,490 (32.6) <0.001

98,181 (10.3) 36,424 (11.7) <0.001

314,562 (33.0) 95,264 (30.6) <0.000

193,503 (20.3) 93,084 (29.9) <0.001

114,386 (12.0) 37,358 (12.0) 0.797

153,468 (16.1) 41,405 (13.3) <0.001

203,035 (21.3) 57,905 (18.6) <0.001

2,860 (0.3) 311(0.1) <0.001

1,906 (0.2) 1,557 (0.5) <0.001
<0.001

192,550 (20.2) 138,225 (44.4)

269,761 (28.3) 65,377 (21.0)

208,755 (21.9) 54,792 (17.6)

100,088 (10.5) 19,613 (6.3)

101,994 (10.7) 18,990 (6.1)

79,117 (8.3) 14,632 (4.7)

TABLE 1: Baseline characteristics of individuals with diverticular disease according to race

Categorical data is presented as total counts and percentages, n(%)

Continuous numerical data is summarized as mean +/- standard deviation (SD)

White = White Americans; Non-White includes Blacks, Hispanics, Asians, Pacific Islanders, Native Americans, or other races as classified by the NIS

description of data elements

CKD, chronic kidney disease; COPD,

chronic obstructive pulmonary disease; CAD, coronary artery disease

Comorbidities

Patients who were not of the White race had a higher prevalence of hypertension (148,499 (47.7%) vs.
441,340 (46.3%)), obesity (36,424 (11.7%) vs. 98,181 (10.3%)), COVID-19 (1,557 (0.5%) vs 1,906 (0.2%)), and
diabetes (93,084 (29.9%) vs. 193,503 (20.3%); p<0.0001 for all). On the other hand, White patients showed a
higher prevalence of hyperlipidemia (314,562 (33.0%) vs. 95,264 (30.6%)), tobacco use (375,568 (39.4%) vs.
101,490 (32.6%)), coronary artery disease (2,860 (0.3%) vs. 311 (0.1%)), chronic kidney disease (153,468
(16.1%) vs. 41,405 (13.3%)), and chronic obstructive pulmonary disease (203,035 (21.3%) vs. 57,905 (18.6%);
p<0.001 for all).

Hospitalization rates

Between 2017 and 2019, hospitalizations due to diverticular disease increased from 323,764 to 327,770, a
1.2% increase. However, a significant decrease was observed in 2020, with hospitalizations dropping to
289,245, a notable 11.8% decline (Ptrend<0.001; Figure /A). The mean age of hospitalized individuals
decreased from 66.3 years in 2017 to 63.5 years in 2020 (Ptrend=0.007). Examining gender disparities,
women’s hospitalizations initially increased from 201,495 in 2017 to 202,715 in 2019 (0.6%), followed by a
considerable reduction of 15,645 cases (10.3%) in 2020. In contrast, men’s hospitalizations increased from
147,870 to 151,375 (2.3%) and later declined by 15,645 admissions, reflecting a 10.3% decrease. Diverticular
disease hospitalization among White patients increased from 237,600 in 2017 to 253,637 in 2019 (6.7%) and
declined by 38,552 (15% decline) in 2020. Hospitalization for DD among patients who were not of the White
race increased from 77,065 in 2017 to 80,840 in 2019 (4.9% increase) and decreased to 72,144 (10.8% decline)
in 2020. The mean age of those admitted decreased from 66.3 years to 63.5 years over the period
(Ptrend=0.007).
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FIGURE 1: Trends in hospitalization rates and mortality by race

A. Trends in hospitalizations and mortality; Ptrend<0.001

B. Trends in mortality among White and non-White patients; Ptrend<0.001

C. Trends in hospitalizations by race; P=0.001
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Non-White includes Black, Hispanic, Asian or Pacific Islander, Native American, or other races as classified by the
NIS description of data elements.

Inpatient mortality

Approximately 21,186 mortalities occurred during the study period (1.6%). White patients had higher
mortality than patients of other races (16,205 (1.7%) vs. 5,013 (1.6%); P=0.006; Figure 2). However, no

significant difference was found in mortality odds between White and patients who were not from the White
race (aOR, 0.953; 95% CI 0.881-1.032; P=0.237). Mortality increased significantly over the study period from

4,850 in 2017 to 5,630 in 2020 (Ptrend<0.001; Figure /A). Among White patients, mortality increased from
3,655 in 2017 to 4,245 in 2020; among patients from other races, mortality increased from 1,195 in 2017 to
1,384 in 2020 (P<0.001; Figure 1B). Women accounted for 16,205 (76.5%) deaths compared with 4,981

(23.5%) deaths in men. A greater proportion of women died as compared to men during the study (1.6% vs
1.5%; P=0.005).
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FIGURE 2: In-hospital mortality according to race

Mortality counts are presented in the logarithmic scale

Resource use burden

Hospitalizations for diverticular disease accounted for a total of 7,016,718 hospital days during the study
period. White patients had 5,234,183 hospital days compared with 1,782,535 hospital days among patients
from other races. The mean length of hospital stay was longer for White patients than for the other patients
(6.7+3.3vs. 5.5 % 1.6 days; P<0.001). A total of 2,102,749 hospital procedures were performed in the study
cohort. Diverticular disease incurred US$ 6.8 billion in hospital charges over the study period (Figure 3).
After adjusting for inflation, the mean hospital charges increased from US$ 54,705 in 2017 to US$ 72,564 in
2020 (Figure 3; P<0.001). Black, Hispanic, and Asian/Pacific Islander patients had higher mean hospital
charges than White patients (67,635 + 6,700 vs 59,103 + 3,850; P<0.001). Native American ethnicity was
associated with significantly lower mean hospital costs (adjusted mean difference: US$ 9,267; 95% CI: 4,213-
14,321; P<0.001).

Total study population T
White T

Non-white T

Black T E————

Asian

Hispanic —_—
Native American T
Otherraces T T
0 20,000 40,000 60,000 80,000 100,000
m2017 =m2018 =2019 2020

FIGURE 3: Trends in hospital costs by race

Non-White includes Black, Hispanic, Asian or Pacific Islander, Native American, or other races as classified by the
NIS description of data elements.

Complications

The secondary outcomes of the study are shown in Table 2.
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Outcomes White (N= 953,220), n (%) Non-White (N=311,319), n (%) aOR (95% CI) § P-value*

Primary outcomes

Inpatient mortality 15,830 (1.7) 5,015 (1.6) 0.95 (0.881 — 1.032) 0.237
Length of stay (days), mean + SD 6.7+3.3 55+16 - <0.001
THC (US$), mean + SD 59,103 + 385 67,635 670 - <0.001

Secondary outcomes

Bowel abscess 1,370 (0.14) 330 (0.1) 052 (0.41-0.71) 0.002
Intestinal fistula 4,950 (0.5) 14,625 (4.7) 097 (0.83-1.13) 0671
Bowel perforation 2,940 (0.3) 875 (0.3) 0.84 (0.60-1.18) 0315
Need for bowel resection 119,030 (12.5) 28,880 (9.3) 1.28 (0.85-1.38) 0541
Routine home discharge 654,694 (68.7) 225,555 (72.5) 0.84 (0.79-0.90) <0.001
Non-home discharge 282,695 (29.7) 80,750 (25.9) 1.21 (1.14-1.29) <0.001

TABLE 2: Clinical outcomes in patients with diverticular disease according to race

1 Adjusted for sex, elective vs. nonelective admission, age, primary payer, all patient refined severity subclass and risk of mortality, location, median
household income, hypertension, diabetes mellitus, tobacco use, congestive heart failure, hyperlipidemia, obesity, coronary artery disease, chronic kidney
disease, and chronic obstructive pulmonary disease.

* Significant at values <0.05
aOR, adjusted odds ratio; Cl, confidence interval; THC, total hospital charges; US$, United States Dollar; SD, standard deviation

Non-White includes Black, Hispanic, Asian or Pacific Islander, Native American, or other races as classified by the NIS description of data elements.

Compared with patients who are not from the White race, White patients had higher odds of non-home
discharge (aOR: 1.21; 95% CI, 1.14-1.29; P<0.001). White patients were less likely to develop bowel abscesses
(aOR: 0.52; 95% CI, 0.41-0.71) than patients who were not of the White race. Odds of bowel perforation
(aOR: 0.74; 95% CI: 0.49-0.89), routine home discharge (aOR: 0.83; 95% CI: 0.77-0.89; P<0.001), and bowel
resection (aOR: 0.90; 95% CI: 0.82-0.99) were all significantly lower in Black patients as compared to White
Americans. The odds of bowel resection were significantly higher in Hispanic patients (aOR: 1.13; 95% CI:
1.03-1.25; P=0.012).

Discussion

The index study highlights racial disparities and trends in diverticular disease hospitalizations across the
United States. The findings indicate that disparities transcend various aspects, ranging from hospitalization
rates, baseline characteristics of patients, and comorbidities to clinical outcomes following hospitalization.
More Whites were hospitalized for diverticular disease than other races combined. Patients who were not
from the White race and were hospitalized for diverticular disease over the study period had greater
comorbidities such as hypertension, obesity, diabetes, and COVID-19. In contrast, White patients were
disproportionately burdened by comorbidities such as hyperlipidemia, tobacco use, and chronic obstructive
pulmonary disease. This finding can be juxtaposed with recent research that has reported increased
multimorbidity among racial minorities [18,19]. The index study also highlights a surge in diverticular
disease hospitalizations from 2017 to 2019, followed by a decline in 2020; potentially, among other factors, a
collateral impact of the COVID-19 pandemic. During the initial years, increased awareness and improved
diagnostic capabilities may have contributed to the increased number of hospitalizations. However, in 2020,
the COVID-19 pandemic led to widespread changes in healthcare use. Many patients avoided hospitals due
to fear of contracting COVID-19, resulting in fewer hospital visits and admissions for non-COVID
conditions, including diverticular disease. Additionally, healthcare resources were heavily diverted to
manage the pandemic, leading to delays in elective procedures and routine care, further reducing
hospitalizations for diverticular diseases. Public health measures, such as lockdowns and reduced mobility,
may also have impacted the incidence and severity of diverticular disease, contributing to the observed
decline in hospital admissions during the pandemic. This rising hospitalization trend could be juxtaposed
with findings from prior research, which commonly document an escalating trend in diverticular disease
hospitalizations, potentially attributed to aging populations and evolving dietary habits [20-22]. Further
research might be instrumental in unraveling the definitive contributors to the observed disparities in
hospitalizations for diverticular disease. However, various factors influence racial disparities such as
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socioeconomic status, structural inequities in the healthcare system, and environmental determinants.
Limited access to healthcare services and health education among certain racial groups exacerbates these
disparities. Cultural and linguistic barriers can also hinder effective patient-healthcare provider
communication, affecting diagnosis and treatment quality. Additionally, variations in genetic
predispositions, lifestyle factors, and the prevalence of comorbid conditions across different racial and
ethnic groups contribute to the observed disparities in hospitalization rates [23-25].

Hospitalization for diverticular diseases significantly increased during the study period. This increasing
incidence is primarily attributed to lifestyle and dietary habits, particularly the consumption of a low-fiber
Western diet rich in processed foods and red meat [26,27]. Aging also contributes to the natural weakening
of the colonic wall over time [28]. Other significant factors include lack of physical exercise, obesity, and
certain medications, such as non-steroidal anti-inflammatory drugs (NSAIDs), which increase the risk. In
addition, alterations in gut microbiota due to antibiotic usage or dietary changes can impact the integrity
and immunity of the gut, further contributing to the prevalence of these gastrointestinal disorders [29,30].
Few studies have evaluated racial disparities in the incidence or outcomes of diverticular disease. Black
Americans diagnosed with diverticulitis tend to have a higher need for immediate or emergency
interventions because of recurrent episodes of the disease [31]. They have a higher susceptibility to repeated
occurrences of the disease, along with increased rates of complications and fatality [32]. In contrast, the
findings of the index study showed that Black Americans had lower odds of bowel perforation or need for
bowel resection surgery. They were more likely to be discharged to home health care or skilled nursing
facilities compared with routine home discharge. Hispanic descent was associated with a greater risk of
bowel resection. No significant difference was observed in the likelihood of bowel fistulae, resection, or
perforation between White patients and patients of other races. However, White American descent was
correlated with lower odds of abscess formation.

More women than men were diagnosed with diverticular disease during the study period, with the data
showing an increasing trend in hospitalization for both men and women. Mortality was greater among
women than among men, a finding that correlates with recent data from a Centers for Disease Control (CDC)
mortality database spanning January 1999 to December 2016 (adapted by Sell et al. 2020), where 68% of
diverticulitis deaths among U.S. citizens over 18 years were women vs. 32% in men. Women were more likely
to die from secondary causes of death related to infection, obstruction, and fistulae; conversely, when men
died from diverticulitis, the secondary causes were more likely to be procedural or surgical complications
[33]. With women accounting for 58.6% of hospitalizations and over 76% of all mortalities, the findings of
the index study demonstrate that mortality from diverticulitis among women may have risen since the CDC
study and implies a need for more intensive evaluation and treatment of diverticulitis in women.

Diverticular disease has been identified as the fifth most important gastrointestinal disease in the United
States from an economic perspective [34]. Over the index study period, significant increments in mean
hospitals were recorded for diverticular disease, highlighting its increasing economic burden. Importantly,
individuals not belonging to the White race incurred greater mean hospital costs than White

individuals. The observed racial disparities in hospital charges for DD hospitalizations can be attributed to
several factors. Black, Hispanic, and Asian/Pacific Islander patients often face higher hospital charges due to
socioeconomic and systemic issues, such as limited access to early and preventive healthcare, leading to
more severe disease presentations and expensive treatments [35-37]. Implicit healthcare provision bias may
result in different treatment approaches and lengths of hospital stay [38,39]. Language barriers and cultural
differences can further increase resource utilization and extend hospital stays, increasing hospital costs.
Conversely, significantly lower hospital costs for Native Americans may be due to the underreporting of
health issues, reduced access to healthcare facilities, or differences in healthcare use [40].

Insurance status significantly contributes to these disparities. Patients not of the White race are more likely
to be underinsured or uninsured, leading to delayed medical care and more advanced disease stages at
hospitalization that require intensive treatment [41]. Insurance type affects the length of hospital stay,
treatment availability, and overall costs. Additionally, racial differences in the rates of discharge against
medical advice (AMA) contribute to higher costs [42]. Patients who leave AMA often face higher healthcare
costs because of complications, higher readmission rates, and noncompliance with follow-up care. Higher
AMA discharge rates among racial and ethnic minorities, influenced by mistrust in the healthcare system,
cultural misunderstandings, communication barriers, and financial constraints, worsen these cost
disparities. Addressing these issues through culturally competent care, improved patient-provider
communication, and support systems can help reduce AMA discharge rates and healthcare costs, ensuring
equitable outcomes for all racial and ethnic groups.

Strengths and limitations

The index study has considerable strengths, primarily the use of the largest inpatient database in the US,
enabling extensive access to inpatient utilization, cost, and outcome data. However, it is not without
limitations. The NIS database, being administrative in nature, lacks the granular details of research
databases. In addition, the NIS database omits important information, such as patients’ adherence to
medication, laboratory results, and the management of patients’ comorbidities, which are factors that are
instrumental in influencing the outcomes.
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CCSR code
DIG013
ICD-10 code

Perforation of
intestine

(nontraumatic)

Fistula of

intestine

Bowel

abscess

Bowel

resection

Description

Diverticulosis and diverticulitis

Description

K63.1

K63.2

K63.0

Conclusions

During the study period, there was a significant increase in hospitalizations, mortality rates, and associated
costs for diverticular disease care. This condition remains a major cause of hospital admissions for
gastrointestinal disorders, with a concerning upward trend in mortality and resource use. Women accounted
for two-thirds of the total mortality from this disease, highlighting the urgent need for improved evaluation
and timely treatment in this demographic.

Appendices

0DBE0ZZ, 0DBE3ZZ, 0DBE4ZZ, 0DBE7ZZ, 0DBE8ZZ, 0DBF0ZZ, 0DBF3ZZ, 0DBF4ZZ, 0DBF7ZZ, 0DBF8ZZ, 0DBG0ZZ, 0DBG3ZZ, 0DBG4ZZ, 0DBG7ZZ, 0DBG8ZZ, 0DBH0ZZ, 0DBH3ZZ, DBH4ZZ, 0DBH7ZZ,

0DBH8ZZ, 0DBK0ZZ, 0DBK3ZZ, 0DBK4ZZ, 0DBK7ZZ, 0DBK8ZZ, 0DBL0ZZ, 0DBL3ZZ, 0DBL4ZZ, 0DBL7ZZ, 0DBL8ZZ, 0DBM0ZZ, 0DBM3ZZ, 0DBM4ZZ, 0DBM7ZZ, 0DBM8ZZ, 0DBN0ZZ, 0DBN3ZZ, 0DBN4ZZ,

0DBN7ZZ, 0DBN8ZZ, 0DTE0ZZ, 0DTE4ZZ, ODTE7ZZ, 0DTE8ZZ, 0DTF0ZZ, 0DTF4ZZ, 0DTF7ZZ, 0DTF8ZZ, 0DTG0ZZ, 0DTG4ZZ, 0DTG7Z2Z 0DTG8ZZ, 0DTH0ZZ, 0DTH4ZZ, 0DTH7ZZ, 0DTH8ZZ, 0DTK0ZZ,

0DTKO0ZZ, 0DTK4ZZ, 0DTK7ZZ, 0DTK8ZZ, 0DTL0ZZ, 0DTL4ZZ, 0DTL7ZZ, 0DTL8ZZ, 0DTM0ZZ, 0DTM4ZZ, 0DTM7ZZ, 0DTM8ZZ, 0DTNOZZ, 0DTN4ZZ, 0DTN7ZZ, 0DTN8ZZ

TABLE 3: CCSR and ICD-10 diagnostic codes used in the study

CCSR, clinical classification software refined code; ICD-10, International Classification of Diseases, tenth revision

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Fidelis E. Uwumiro, Tomilola Olakunde, Grace O. Odjighoro, Adeniyi Fagbenro,
Ifeoluwa Fadeyibi, Joshua Emina, Nonso J. Obi

Acquisition, analysis, or interpretation of data: Fidelis E. Uwumiro, Tomilola Olakunde, Efe Erhus,
Kenechukwu Umenzeakor, Victory Okpujie, Agatha O. Osadolor, Adeniyi Fagbenro, Ifeoluwa Fadeyibi

Drafting of the manuscript: Fidelis E. Uwumiro, Tomilola Olakunde, Grace O. Odjighoro, Efe Erhus,
Kenechukwu Umenzeakor, Victory Okpujie, Agatha O. Osadolor, Adeniyi Fagbenro, Ifeoluwa Fadeyibi, Nonso
J. Obi

Critical review of the manuscript for important intellectual content: Fidelis E. Uwumiro, Tomilola
Olakunde, Victory Okpujie, Agatha O. Osadolor, Adeniyi Fagbenro, Joshua Emina

Supervision: Fidelis E. Uwumiro

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

2024 Uwumiro et al. Cureus 16(7): €65572. DOI 10.7759/cureus.65572

9of 11



Cureus

Part of SPRINGER NATURE

Acknowledgements

Data availability statement: Publicly available NIS data were used in this study. This database is accessible at
https://www.ahrq.gov/data/hcup/index.html or by email to the Agency for Healthcare Research and Quality
at hcup@ahrq.gov. Informed consent: Deidentified data from the NIS were used in this study, which
precluded the obtaining of informed consent. Nevertheless, this study diligently adheres to the standards
mandated by the Agency for Healthcare Research and Quality (AHRQ), which effectively regulates the use of

the NIS.
References
1.  Wheat CL, Strate LL: Trends in hospitalization for diverticulitis and diverticular bleeding in the United
States from 2000 to 2010. Clin Gastroenterol Hepatol. 2016, 14:96-103.e1. 10.1016/j.cgh.2015.03.030
2. Onur MR, Akpinar E, Karaosmanoglu AD, Isayev C, Karcaaltincaba M: Diverticulitis: a comprehensive review
with usual and unusual complications. Insights Imaging. 2017, 8:19-27. 10.1007/513244-016-0532-3
3. SogaK, Majima A: Effective endoscopic band ligation for diverticular perforation with a refractory pelvic
abscess. Clin Endosc. 2023, 56:252-5. 10.5946/ce.2022.171
4.  Sandler RS, Everhart JE, Donowitz M, et al.: The burden of selected digestive diseases in the United States .
Gastroenterology. 2002, 122:1500-11. 10.1053/gast.2002.32978
5. Minino AM, Heron MP, Murphy SL, Kochanek KD: Deaths: final data for 2004. Natl Vital Stat Rep. 2007,
55:1-119.
6. Strate LL, Morris AM: Epidemiology, pathophysiology, and treatment of diverticulitis. Gastroenterology.
2019, 156:1282-1298.e1. 10.1053/j.gastro.2018.12.033
7. Fialho A, Fialho A, Shuja A: Analysis of the epidemiological trends on inpatient diverticulosis admissions in
the US: a longitudinal analysis from 1997-2018. Cureus. 2023, 15:€34493. 10.7759/cureus.34493
8. Peery AF, Keku TO, Galanko JA, Sandler RS: Sex and race disparities in diverticulosis prevalence. Clin
Gastroenterol Hepatol. 2020, 18:1980-6. 10.1016/j.cgh.2019.10.022
9. Braschi C, Liu JK, Moazzez A, Lee H, Petrie BA: Racial disparities in surgical outcomes of acute
diverticulitis: have we moved the needle?. ] Surg Res. 2023, 283:889-97. 10.1016/j.js5.2022.10.084
10. Healthcare Cost and Utilization Project - HCUP. Introduction to the HCUP National Inpatient Sample (NIS) .
(2023). Accessed: January 20, 2024: https://www.hcup-
us.ahrq.gov/db/nation/nis/NIS_Introduction_2016.jsp.
11. Healthcare Cost and Utilization. NIS database documentation. (2022). Accessed: April 23, 2023:
https://www.hcup-us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp.
12.  Healthcare Cost and Utilization Project. Introduction to the HCUP National Inpatient Sample . (2020).
Accessed: December 29, 2022: https://www.hcup-us.ahrq.gov/db/nation/nis/NIS_Introduction_2017.jsp.
13.  Agency for Healthcare Research and Quality (2018). Producing national estimates . (2018). Accessed:
October 19, 2023: http://hcup-us.ahrg.gov/tech_assist/nationalestimates/508_course/508course_2018.jsp.
14.  Kim JH: Multicollinearity and misleading statistical results. Korean ] Anesthesiol. 2019, 72:558-69.
10.4097/kja.19087
15. HeY: Missing data analysis using multiple imputation: getting to the heart of the matter . Circ Cardiovasc
Qual Outcomes. 2010, 3:98-105. 10.1161/CIRCOUTCOMES.109.875658
16.  Austin PC, White IR, Lee DS, van Buuren S: Missing data in clinical research: a tutorial on multiple
imputation. Can J Cardiol. 2021, 37:1322-31. 10.1016/j.cjca.2020.11.010
17. Dunn A, Grosse SD, Zuvekas SH: Adjusting health expenditures for inflation: a review of measures for
health services research in the United States. Health Serv Res. 2018, 53:175-96. 10.1111/1475-6773.12612
18.  Mohamud MA, Campbell D], Wick J, Leung AA, Fabreau GE, Tonelli M, Ronksley PE: 20-year trends in
multimorbidity by race/ethnicity among hospitalized patient populations in the United States. Int ] Equity
Health. 2023, 22:137. 10.1186/512939-023-01950-2
19. Leuchter RK, Villaflores CW, Norris KC, Sorensen A, Vangala S, Sarkisian CA: Racial disparities in
potentially avoidable hospitalizations during the COVID-19 pandemic. Am ] Prev Med. 2021, 61:235-9.
10.1016/j.amepre.2021.01.036
20. Cammarota S, Cargiolli M, Andreozzi P, et al.: Increasing trend in admission rates and costs for acute
diverticulitis during 2005-2015: real-life data from the Abruzzo region. Therap Adv Gastroenterol. 2018,
11:1756284818791502. 10.1177/1756284818791502
21. Binda GA, Mataloni F, Bruzzone M, et al.: Trends in hospital admission for acute diverticulitis in Italy from
2008 to 2015. Tech Coloproctol. 2018, 22:597-604. 10.1007/s10151-018-1840-z
22.  Amato A, Mataloni F, Bruzzone M, et al.: Hospital admission for complicated diverticulitis is increasing in
Italy, especially in younger patients: a national database study. Tech Coloproctol. 2020, 24:237-45.
10.1007/s10151-020-02150-8
23. National Academies of Sciences, Engineering, and Medicine; Health and Medicine Division; Board on
Population Health and Public Health Practice; Committee on Community-Based Solutions to Promote
Health Equity in the United States: The state of health disparities in the United States . Communities in
Action: Pathways to Health Equity. Baciu A, Negussie Y, Geller A, et al. (ed): National Academies Press,
Washington DC; 2017.
24. Chandran M, Schulman KA: Racial disparities in healthcare and health. Health Serv Res. 2022, 57:218-22.
10.1111/1475-6773.13957
25. Dickman SL, Gaffney A, McGregor A, Himmelstein DU, McCormick D, Bor DH, Woolhandler S: Trends in
health care use among black and white persons in the US, 1963-2019. JAMA Netw Open. 2022, 5:e2217383.
10.1001/jamanetworkopen.2022.17383
26. Carabotti M, Falangone F, Cuomo R, Annibale B: Role of dietary habits in the prevention of diverticular
disease complications: a systematic review. Nutrients. 2021, 13:1288. 10.3390/nu13041288
27. MaW, Nguyen LH, Song M, et al.: Intake of dietary fiber, fruits, and vegetables and risk of diverticulitis . Am

] Gastroenterol. 2019, 114:1531-8. 10.14309/ajg.0000000000000363

2024 Uwumiro et al. Cureus 16(7): €65572. DOI 10.7759/cureus.65572

10 of 11


https://dx.doi.org/10.1016/j.cgh.2015.03.030
https://dx.doi.org/10.1016/j.cgh.2015.03.030
https://dx.doi.org/10.1007/s13244-016-0532-3
https://dx.doi.org/10.1007/s13244-016-0532-3
https://dx.doi.org/10.5946/ce.2022.171
https://dx.doi.org/10.5946/ce.2022.171
https://dx.doi.org/10.1053/gast.2002.32978
https://dx.doi.org/10.1053/gast.2002.32978
http://www.pubmed.ncbi.nlm.nih.gov/17867520/
https://dx.doi.org/10.1053/j.gastro.2018.12.033
https://dx.doi.org/10.1053/j.gastro.2018.12.033
https://dx.doi.org/10.7759/cureus.34493
https://dx.doi.org/10.7759/cureus.34493
https://dx.doi.org/10.1016/j.cgh.2019.10.022
https://dx.doi.org/10.1016/j.cgh.2019.10.022
https://dx.doi.org/10.1016/j.jss.2022.10.084
https://dx.doi.org/10.1016/j.jss.2022.10.084
https://www.hcup-us.ahrq.gov/db/nation/nis/NIS_Introduction_2016.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/NIS_Introduction_2016.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/NIS_Introduction_2017.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/NIS_Introduction_2017.jsp
http://hcup-us.ahrq.gov/tech_assist/nationalestimates/508_course/508course_2018.jsp
http://hcup-us.ahrq.gov/tech_assist/nationalestimates/508_course/508course_2018.jsp
https://dx.doi.org/10.4097/kja.19087
https://dx.doi.org/10.4097/kja.19087
https://dx.doi.org/10.1161/CIRCOUTCOMES.109.875658
https://dx.doi.org/10.1161/CIRCOUTCOMES.109.875658
https://dx.doi.org/10.1016/j.cjca.2020.11.010
https://dx.doi.org/10.1016/j.cjca.2020.11.010
https://dx.doi.org/10.1111/1475-6773.12612
https://dx.doi.org/10.1111/1475-6773.12612
https://dx.doi.org/10.1186/s12939-023-01950-2
https://dx.doi.org/10.1186/s12939-023-01950-2
https://dx.doi.org/10.1016/j.amepre.2021.01.036
https://dx.doi.org/10.1016/j.amepre.2021.01.036
https://dx.doi.org/10.1177/1756284818791502
https://dx.doi.org/10.1177/1756284818791502
https://dx.doi.org/10.1007/s10151-018-1840-z
https://dx.doi.org/10.1007/s10151-018-1840-z
https://dx.doi.org/10.1007/s10151-020-02150-8
https://dx.doi.org/10.1007/s10151-020-02150-8
http://www.ncbi.nlm.nih.gov/books/NBK425844/
https://dx.doi.org/10.1111/1475-6773.13957
https://dx.doi.org/10.1111/1475-6773.13957
https://dx.doi.org/10.1001/jamanetworkopen.2022.17383
https://dx.doi.org/10.1001/jamanetworkopen.2022.17383
https://dx.doi.org/10.3390/nu13041288
https://dx.doi.org/10.3390/nu13041288
https://dx.doi.org/10.14309/ajg.0000000000000363
https://dx.doi.org/10.14309/ajg.0000000000000363

Cureus

Part of SPRINGER NATURE

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Yang F, Lin L, Jiang X, Lv H, Sun C: Increasing diverticulosis in an aging population: a colonoscopy-based
study of 5-year trends in 26 463 patients in northern China. Med Sci Monit. 2018, 24:2825-31.
10.12659/MSM.906864

Dudek-Wicher RK, Junka A, Bartoszewicz M: The influence of antibiotics and dietary components on gut
microbiota. Prz Gastroenterol. 2018, 13:85-92. 10.5114/pg.2018.76005

Soliman MG, Mansour HA, Hassan WA, Shawky E: Impact of oral probiotics in amelioration of
immunological and inflammatory responses on experimentally induced acute diverticulitis. Probiotics
Antimicrob Proteins. 2023, 15:1113-23. 10.1007/512602-022-09969-7

Akram WM, Vohra N, Irish W, Zervos EE, Wong J: Racial disparity in the surgical management of
diverticular disease. Am Surg. 2022, 88:929-35. 10.1177/00031348211058623

Alavi K, Cervera-Servin JA, Sturrock PR, Sweeney WB, Maykel JA: Racial differences in short-term surgical
outcomes following surgery for diverticulitis. ] Gastrointest Surg. 2012, 16:613-21. 10.1007/s11605-011-
1787-0

Sell NM, Perez NP, Stafford CE, et al.: Are there variations in mortality from diverticular disease by sex? . Dis

Colon Rectum. 2020, 63:1285-92. 10.1097/DCR.0000000000001711

Peery AF, Crockett SD, Barritt AS, et al.: Burden of gastrointestinal, liver, and pancreatic diseases in the
United States. Gastroenterology. 2015, 149:1731-41.e3. 10.1053/j.gastro.2015.08.045

Togioka BM, Duvivier D, Young E: Diversity and Discrimination in Health Care. StatPearls [Internet],
Treasure Island (FL); 2024.

Agency for Healthcare Research and Quality (US): Disparities in healthcare. 2021 National Healthcare
Quality and Disparities Report. Agency for Healthcare Research and Quality (US), Rockville (MD); 2021.
Riley WJ: Health disparities: gaps in access, quality and affordability of medical care . Trans Am Clin
Climatol Assoc. 2012, 123:167-74.

Shah HS, Bohlen J: Implicit Bias. StatPearls [Internet], Treasure Island (FL); 2024.

Hall W], Chapman MV, Lee KM, et al.: Implicit racial/ethnic bias among health care professionals and its
influence on health care outcomes: a systematic review. Am | Public Health. 2015, 105:e60-76.
10.2105/AJPH.2015.302903

Sommerfeld DH, Jaramillo ET, Lujan E, Haozous E, Willging CE: Health care access and utilization for
American Indian elders: a concept-mapping study. ] Gerontol B Psychol Sci Soc Sci. 2021, 76:141-51.
10.1093/geronb/gbz112

Lee DC, Liang H, Shi L: The convergence of racial and income disparities in health insurance coverage in
the United States. Int | Equity Health. 2021, 20:96. 10.1186/s12939-021-01436-z

Tsai JW, Janke A, Krumholz HM, Khidir H, Venkatesh AK: Race and ethnicity and emergency department
discharge against medical advice. JAMA Netw Open. 2023, 6:2345437.
10.1001/jamanetworkopen.2023.45437

2024 Uwumiro et al. Cureus 16(7): €65572. DOI 10.7759/cureus.65572

11 0of 11


https://dx.doi.org/10.12659/MSM.906864
https://dx.doi.org/10.12659/MSM.906864
https://dx.doi.org/10.5114/pg.2018.76005
https://dx.doi.org/10.5114/pg.2018.76005
https://dx.doi.org/10.1007/s12602-022-09969-7
https://dx.doi.org/10.1007/s12602-022-09969-7
https://dx.doi.org/10.1177/00031348211058623
https://dx.doi.org/10.1177/00031348211058623
https://dx.doi.org/10.1007/s11605-011-1787-0
https://dx.doi.org/10.1007/s11605-011-1787-0
https://dx.doi.org/10.1097/DCR.0000000000001711
https://dx.doi.org/10.1097/DCR.0000000000001711
https://dx.doi.org/10.1053/j.gastro.2015.08.045
https://dx.doi.org/10.1053/j.gastro.2015.08.045
https://www.ncbi.nlm.nih.gov/books/NBK568721/
https://www.ncbi.nlm.nih.gov/books/NBK578532/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3540621/
https://www.ncbi.nlm.nih.gov/books/NBK589697/
https://dx.doi.org/10.2105/AJPH.2015.302903
https://dx.doi.org/10.2105/AJPH.2015.302903
https://dx.doi.org/10.1093/geronb/gbz112
https://dx.doi.org/10.1093/geronb/gbz112
https://dx.doi.org/10.1186/s12939-021-01436-z
https://dx.doi.org/10.1186/s12939-021-01436-z
https://dx.doi.org/10.1001/jamanetworkopen.2023.45437
https://dx.doi.org/10.1001/jamanetworkopen.2023.45437

	Trends in Diverticular Disease Hospitalizations and Racial Disparities in Outcomes Across the United States
	Abstract
	Objective
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Results
	Baseline characteristics
	TABLE 1: Baseline characteristics of individuals with diverticular disease according to race

	Comorbidities
	Hospitalization rates
	FIGURE 1: Trends in hospitalization rates and mortality by race

	Inpatient mortality
	FIGURE 2: In-hospital mortality according to race

	Resource use burden
	FIGURE 3: Trends in hospital costs by race

	Complications
	TABLE 2: Clinical outcomes in patients with diverticular disease according to race


	Discussion
	Strengths and limitations

	Conclusions
	Appendices
	TABLE 3: CCSR and ICD-10 diagnostic codes used in the study

	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


