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Abstract

Introduction: Crohn’s disease is a chronic inflammatory bowel disease 
that can affect any part of the gastrointestinal tract, but it most commonly 
affects the end of the small intestine (ileum) and the beginning of the co-
lon. According to the Centers for Disease Control and Prevention (CDC), 
Crohn’s disease is more commonly diagnosed among whites compared to 
African Americans, and our study set out to prove that. Objectives: This 
study aims to uncover mortality trends due to Crohn’s disease across dif-
ferent age groups, races, ethnicities, urban and suburban areas, and cen-
sus regions from 1999 to 2020. By analyzing age-adjusted mortality rates, 
we seek to identify inconsistencies in these epidemiological groups. While 
the incidence of Crohn’s disease among whites ranges from 3.1 to 14.6 
per 100,000 person-years, it is significantly lower among African Ameri-
cans, with 0.7 to 6.3 per 100,000 person-years, disparities among which 
our study aims to identify. Methods: We analyzed Death Certificates from 
the Centers for Disease Control and Prevention (CDC) Wide Ranging Online 
Data for Epidemiological Research (WONDER) database from 1999-2020. 
AAMR per 1,000,000 people and Annual Percent Change (APC) with a 95% 
confidence interval were determined. We then used the Joinpoint Regres-
sion Program to obtain trends amongst epidemiological (race, ethnicity, 
gender, age) and demographic (census region, 2013 urbanization status) 
groups. Results: From 2018 to 2020, age-adjusted mortality rates (AAMRs) 
due to Crohn’s disease have significantly increased, with an Annual Per-
centage Change (APC) of 11.18 (p=0.03). Most deaths occurred in medical 
inpatient facilities (AAPC=0.228), but home deaths have surged dramatical-
ly, showing an AAPC of 5.37 from 1999 to 2020. Both males and females ex-
perienced a significant rise in mortality post-2018, with APCs of 13.21 and 
10.24, respectively. The Midwest had the highest mortality rates (APC 0.56, 
p=0.04), while the Northeast saw a decline in AAMRs from 1999 to 2017 
(APC -1.25, p=0.000016) followed by a sharp increase from 2017 onward 
(APC 9.64, p=0.0071). Mortality among Whites was higher compared to 
African Americans/Blacks, reflecting the higher incidence and prevalence 
in Whites, but both groups saw remarkable increases in AAMRs after 2018, 
with APCs of 10.47 for Whites and 20.62 for African Americans. Mortality 
for Hispanics did not show a statistically significant change. Conclusions: 
Crohn’s Disease-related mortality rates have experienced an uprise in the 
United States since 2018. Persistent demographic and geographic dispari-
ties in mortality due to Crohn’s disease especially the extremely wide gap 
in AAMR among Whites and African Americans underscore the need for 
further investigation and intervention to improve overall outcomes.
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Introduction

Crohn’s disease is a chronic Inflammatory Bowel Disease 
(IBD) that can affect any part of the gastrointestinal (GI) tract, 
though it most frequently targets the end of the small intestine 
(ileum) and the beginning of the colon [1]. This complex condi-
tion is characterized by persistent inflammation that can lead 
to debilitating symptoms, including abdominal pain, diarrhea, 
fatigue, weight loss, and malnutrition. While the exact cause of 
Crohn’s disease remains unknown, a combination of genetic, 
environmental, and immune-related factors is believed to con-
tribute to its development [2].

Epidemiological patterns reveal disparities in the prevalence 
and incidence of Crohn’s disease among different demographic 
groups. According to the Centers for Disease Control and Pre-
vention (CDC), Crohn’s disease is more commonly diagnosed 
among white populations compared to African Americans [3]. 
The incidence rates among whites range from 3.1 to 14.6 per 
100,000 person-years, whereas the rates among African Ameri-
cans are significantly lower, estimated at 0.7 to 6.3 per 100,000 
person-years [4,5]. These differences suggest underlying racial 
and ethnic disparities that may be linked to genetic predisposi-
tions, environmental exposures, healthcare access, or diagnos-
tic biases.

To better understand these disparities, our study investigates 
mortality trends associated with Crohn’s disease over a 21-year 
period, from 1999 to 2020. By analyzing Age-Adjusted Mmor-
tality Rates (AAMRs), we aim to identify patterns and inconsis-
tencies across various demographic groups, including age, race, 
ethnicity, urban and suburban areas, and census regions. This 
analysis is critical to uncovering potential inequities in disease 
outcomes and advancing our understanding of how Crohn’s 
disease impacts different populations. Our research focuses on 
examining whether racial and ethnic disparities in the incidence 
of Crohn’s disease led to differences in mortality. It also explores 
the impact of geographic factors, such as urban versus subur-
ban residency and regional variations, on disease outcomes. By 
addressing these issues, we aim to contribute to broader efforts 
to reduce health disparities and improve care for all individuals 
affected by Crohn’s disease.

Methodology

Study design

This study employs a retrospective design to conduct a data-
base analysis of mortality trends using data from the CDC. The 
use of retrospective data enables a comprehensive examination 
of demographic trends, healthcare implications, and temporal 
shifts in mortality related to Crohn’s disease. 

Data source

We obtained mortality data from the CDC WONDER (Centers 
for Disease Control and Prevention Wide-ranging Online Data 
for Epidemiologic Research) and analyzed Crohn’s disease-relat-
ed deaths between 1999 and 2020. To identify cases, we utilized 
International Statistical Classification of Diseases and Related 
Health Problems-10th Revision (ICD-10) codes, including K50.0 
(Crohn’s disease of the small intestine), K50.1 (Crohn’s disease 
of the large intestine), K50.8 (Other forms of Crohn’s disease), 
and K50.9 (Unspecified Crohn’s disease). This approach facilitat-

ed an in-depth examination of mortality trends across different 
subtypes of Crohn’s disease over the study period.

Study population

This dataset included death certificate information from all 
50 states and the District of Columbia. Gender-specific AAMRs 
(based on biological sex assigned at birth as male or female) 
were analyzed alongside race-specific data for Whites, African 
Americans, Hispanics or Latinos, Asian and Pacific Islanders, and 
Native Americans or Alaskans. The study used predefined ten-
year age groups starting at age 15, with older adults classified as 
those aged 75 and above. The locations of death included medi-
cal facilities (such as inpatient, emergency room/outpatient, or 
death on arrival with status unknown), the decedent’s home, 
hospice facilities, and nursing homes/long-term care facilities. 
The population was assessed using the National Center for 
Health Statistics (NHS) 2013 U.S. census classification system, 
which categorized areas as urban (large central metropolitan ar-
eas with populations of ≥1 million) or rural (micropolitan areas 
with populations <50,000). Geographic regions were divided 
into Northeast, Midwest, South, and West, as defined by the 
U.S. Census Bureau.

Statistical methods

National trends in Crohn’s disease-related mortality were 
analyzed using crude and age-adjusted mortality rates (AAMRs) 
per 1,000,000 individuals from 1999 to 2020. Data were strati-
fied by year, sex, race/ethnicity, state, ten-year age groups, 
place of death, and urban-rural status, with 95% Confidence 
Intervals (CIs). Only individuals with complete data were includ-
ed in each analysis, and effective sample sizes are reported in 
the tables and figures. No adjustments were made for multiple 
comparisons or for missing data in the analysis.

To quantify annual trends in Crohn’s disease-related mortal-
ity, the National Cancer Institute’s (NCI) Joinpoint Regression 
Program (Joinpoint V 5.2.0.0) was used to determine the An-
nual Percent Change (APC) with 95% CI in AAMR employing the 
permutation test with parametric method which sequentially 
permutates the dataset approximately 4499 times to ensure 
that the approximate probability of overall Type I error is less 
than the specified significance level (also called the alpha level, 
default=.05). This gives a trend of AAMRs over the years with an 
APC value which is then used to describe the study results. APCs 
were classified as increasing or decreasing based on whether 
the slope of the mortality trend was significantly different from 
zero, determined through two-tailed t-tests. Statistical signifi-
cance was defined as a p-value of less than 0.05.

We used the IBM Statistical Package for Social Sciences (SPSS 
V 27.0) to perform a non-parametric analysis of our dataset. 
The Mann-Whitney U test was employed for bivariate analysis 
to compare median Crohn’s disease mortality (e.g., gender), 
and the Kruskal-Wallis test was used for multivariate analysis of 
various parameters (e.g., race, age groups). We also performed 
post-hoc analysis using Dunn’s test of significance for each 
group. The p-values less than 0.05 were considered significant. 
Lastly, we used the STATA version 14.2 to calculate trends in 
mortality that we had initially calculated with the Joinpoint re-
gression program and obtained a Z-value indicating an increas-
ing or decreasing trend which was then compared and reported 
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alongside the results. A p-value less than 0.05 was considered 
statistically significant.

Ethical considerations

This study was exempt from Institutional Review Board (IRB) 
approval as it utilized de-identified, publicly available data from 
a government-issued database. Additionally, the study followed 
the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines to ensure transparent and 
accurate reporting of the observed findings.

Results

Overview of mortality trends

There was a total of 38,242 Crohn’s disease-related deaths 
from 1999 to 2020 which spiked from 2018 onwards with a sig-
nificant APC value of 11.18 compared to a mere -0.14 through-
out 1999 to 2018.  The overall Average Annual Percent Change 
(AAPC) from 1999 to 2020 for Crohn’s disease mortality was 
0.886 with a p-value of 0.05.

5.1564.8554.889
5.3195.4015.335.4215.2914.9045.1995.0285.047

5.45
4.9915.2124.8564.955.068 5.2 5.053

5.512
6.316

0

1

2

3

4

5

6

7

Ti
tle

Title

Overall

Overall

Subgroup analysis

Gender-specific mortality: There were 21,604 deaths among 
females and 16,638 among males due to Crohn’s disease. The 
APC for females was -0.145 from 1999 to 2018, rising sharply 
to 10.238 between 2018 and 2020. For males, the APC showed 
different trends: 3.353 from 1999 to 2003, -0.573 from 2003 to 
2018, and 13.214 from 2018 to 2020. The overall AAPC for the 
entire period (1999–2020) was 0.800 for females and 1.409 for 
males. Pairwise comparisons revealed no statistically significant 
differences.

Trend analysis in STATA indicated a z-value of -1.70 for 
the AAMRs of females and males, with a p-value of 0.089 
(prob>z=0.089). The Mann-Whitney U test supported the null 
hypothesis that the AAMR distribution is consistent across gen-
ders, with a p-value of 0.089.
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Race and ethnicity-specific mortality: Between 1999 and 
2020, there were 127 Crohn’s disease-related deaths among 
American Indians and Alaskan Natives, 209 among Asians and 
Pacific Islanders, 2,564 among African Americans, and 35,342 
among Whites. Hispanic/Latino deaths totaled 876. Due to un-
reliable data, the AAMR for American Indians and Alaskan Na-
tives, as well as Asians and Pacific Islanders, was excluded from 
the analysis. Joinpoint analysis for African Americans showed an 
APC of 0.148 from 1999 to 2018 and 20.620 from 2018 to 2020. 
For Whites, the AAMR trend had an APC of 0.037 from 1999 to 
2018 and 10.469 from 2018 to 2020. Among Latinos, the AAMR 
trend was relatively stable, with an APC of 0.903 throughout the 
period. Pairwise comparisons did not yield significant findings.

STATA trend analysis produced a z-value of 5.68 (p>z=0.000) 
for AAMRs across African Americans, Whites, and Latinos. The 
Mann-Whitney U test, comparing African Americans to Whites 
and Hispanic to Non-Hispanic groups, rejected the null hypoth-
esis of equal AAMR distributions across groups, with a p-value 
of 0.000 for all comparisons.
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Age groups related mortality: Crude rate data for individu-
als aged 15 to 24 was inconsistent across most years and was 
therefore excluded from the analysis. The AAPC values for 
crude rates across different age groups were as follows: 1.203 
for those aged 25 to 34, 0.862 for those aged 35 to 44, 0.117 for 
those aged 45 to 54, 0.438 for those aged 55 to 64, 1.055 (0.156 
from 1999 to 2018 and 10.000 from 2018 to 2020) for those 
aged 65 to 74, 0.872 (-0.586 from 1999 to 2018 and 15.842 
from 2018 to 2020) for those aged 75 to 84, and 0.611 (-0.529 
from 1999 to 2018 and 12.127 from 2018 to 2020) for those 
aged 85 and older. Pairwise comparisons showed non-parallel 
results between the 25 to 34, 35 to 44, 45 to 54, and 55 to 64 
age groups and the 65 to 74, 75 to 84, and 85+ age groups, indi-
cating discrepancies in outcomes between younger to middle-
aged adults and older adults. STATA analysis of crude rate trends 
produced a z-value of 12.24 (p>z=0.000). The Kruskal-Wallis test 
for independent samples rejected the null hypothesis of simi-
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lar crude rate distributions across age groups with a p-value of 
0.000. Additionally, the post-hoc Dunn’s test further validated 
the findings.

2013 Urbanization-specific mortality: From 1999 to 2020, 
the number of deaths related to Crohn’s disease were 9,112 in 
Large Central Metro, 9,091 in Large Fringe Metro, 8,597 in Me-
dium Metro, 4,261 in Small Metro, 4,249 in Micropolitan (non-
Metro), and 2,932 in non-Core (non-Metro) areas. AAMR trends 
from 1999 to 2020 were consistent across Large Central Metros, 
Large Fringe Metros, Micropolitans, and Non-Core areas, with 
AAPC values of -0.468, -0.374, 1.335, and 1.726, respectively. 
The AAPC for Medium Metro was 1.2515 (0.052 from 1999 to 
2018 and 13.386 from 2018 to 2020), and for Small Metro, it 
was 2.0151 (0.327 from 1999 to 2018 and 19.598 from 2018 
to 2020). Pairwise comparisons revealed significant (p<0.05) 
non-parallel trends between these groups: Large Central Metro 
and Small Metro, Large Central Metro and Micropolitan, Large 
Central Metro and Non-Core, Large Fringe Metro and Small 
Metro, Large Fringe Metro and Micropolitan, and Large Fringe 
Metro and Non-Core areas. The non-parametric trend test in 
STATA produced a z-value of 6.32 (p>z=0.00). The independent 
Kruskal-Wallis test with post-hoc Dunn’s test rejected the null 
hypothesis that “AAMR distribution is the same across Urban-
ization groups,” with a p-value of 0.000.
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Place of death-related mortality: A total of 16,269 deaths 
occurred in inpatient medical facilities, 1,949 in outpatient/ER 
settings, 10,513 at the decedents’ homes, 2,057 at hospice fa-
cilities, 5,718 in nursing homes, and 1,497 at other or unknown 
locations. Joinpoint analysis of the death toll over the years 
showed AAPC values of 0.22 (with a decrease of -1.02 from 
1999 to 2018 and an increase of 12.97 from 2018 to 2020) for 
inpatient medical facilities, 2.25 for outpatient/ER, 5.37 for de-
cedents’ homes, 19.98 (with 66.98 from 2005 to 2007, 23.03 
from 2007 to 2012, and 8.75 from 2012 to 2020) for hospice 
facilities, 1.08 for nursing homes, and 5.37 for other/unknown 
locations. The non-parametric trend test in STATA showed a z-
value of -4.06 (p>z=0.000). The independent Kruskal-Wallis test, 
followed by post-hoc Dunn’s test, rejected the null hypothesis 
that “the distribution of AAMRs is the same across all death lo-
cations” with a p-value of 0.000.

Mortality trends by census regions: The total number of 
deaths due to Crohn’s Disease from 1999 to 2020 was 7005 in 
the Northeast, 9792 in the Midwest, 13,372 in the South, and 
8073 in the West census regions. AAMR trend with AAPC val-
ue in the Northeast was 0.233 (-1.254 from 1999 to 2017 and 
9.642 from 2017 to 2020), the Midwest was 0.558, the South 
was 1.068 (0.094 from 1999 to 2018 and 10.799 from 2018 to 
2020), and the West was 0.857 (0.039 from 1999 to 2018 and 
8.959 from 2018 to 2020). The pairwise comparison did not 
yield any significant results. 

The non-parametric test in STATA revealed a z-value of -4.33 
(p>z=0.00). Independent samples Kruskal Wallis test rejected 
the null hypothesis “the distribution of AAMRs is same across 
Census regions” with a p-value of 0.000. Post-hoc Dunn’s test of 
significance supported the results. The US census regions heat-
map based on mortality from Crohn’s disease is given below.

 

States with the highest mortality: The states with the high-
est Crohn’s disease-related mortality rates were California, Flor-
ida, Texas, Ohio, and New York with 3712, 2351, 2211, 2073, 
and 1983 deaths from 1999 to 2020, respectively. The US States 
heatmap based on mortality from Crohn’s disease is given be-
low.

Discussion

The analysis of Crohn’s disease mortality trends from 1999 
to 2020 shows a troubling increase in death rates, particularly 
after 2018, with an APC of 11.18 compared to a minimal -0.14 
in the years before. This change prompts important inquiries 
into the factors behind the rising mortality and suggests the 
need for a deeper investigation into the underlying causes. A 
key factor could be the escalating severity of Crohn’s disease 
among patients. Studies indicate that the disease has become 
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more aggressive over time, possibly influenced by environmen-
tal factors, dietary shifts, and lifestyle habits that exacerbate in-
flammation and complications related to Crohn’s disease [6,7]. 
For example, complications such as bowel obstructions, fistu-
las, and colorectal cancer are increasingly seen in long-term 
patients, which might explain the higher mortality rates [6,8]. 
Furthermore, the increasing occurrence of intestinal cancers in 
Crohn’s patients is concerning, as these cancers are commonly 
linked to higher mortality [8]. The timing of this surge in mor-
tality aligns with the COVID-19 pandemic, which significantly 
disrupted healthcare services. Many patients with chronic con-
ditions, including those with Crohn’s disease, experienced de-
lays in their routine care. This disruption, combined with the 
pandemic’s exacerbation of existing health disparities, may 
have contributed to the rising death rates [7]. Additionally, the 
mental and emotional strain of the pandemic likely impacted 
patients’ mental health and their adherence to treatment, pos-
sibly further contributing to the increase in mortality.

Our study revealed that Crohn’s disease resulted in more 
female deaths than male deaths, with 21,604 women dy-
ing compared to 16,638 men. This supports broader patterns 
where female mortality from Crohn’s disease has historically 
been higher than male mortality [9]. Additionally, we observed 
a notable rise in mortality rates for both genders after 2018, 
with an APC of 10.238 for women and 13.214 for men. While 
the rate of increase is greater in men, the overall number of 
deaths remains higher for women. Research indicates that gen-
der differences in Crohn’s disease prevalence differ by region, 
with women being more affected in North America and Europe, 
whereas men are more frequently affected in Asia [10]. Despite 
women having higher mortality rates, men tend to have more 
severe disease at younger ages [6]. Studies show that men are 
more likely to suffer from complications such as intestinal per-
foration, which may contribute to the higher mortality among 
younger men  [11]. Conversely, hormonal factors and immune 
system differences may make women more susceptible to se-
vere autoimmune responses [12]. Women are also more likely 
to experience extraintestinal manifestations, complicating dis-
ease management and increasing their mortality risk [12]. Thus, 
both genders face unique risks and challenges when managing 
Crohn’s disease.

The data highlights notable racial differences in Crohn’s dis-
ease mortality, with Whites experiencing the highest rates, fol-
lowed by African Americans and Hispanics/Latinos. This aligns 
with earlier research indicating higher mortality among White 
individuals [6]. Whites are also more prone to complications 
such as structuring and penetrating disease, which are linked 
to worse outcomes and increased mortality [13,14]. Although 
African Americans may experience more severe disease in some 
cases, Whites tend to present with complications that are more 
challenging to manage  [14]. The increasing APC values for both 
African Americans and Whites after 2018 suggest a negative 
trend, possibly influenced by changes in healthcare policies, 
socioeconomic challenges exacerbated by the COVID-19 pan-
demic, or alterations in disease management [14].

Additionally, the mortality rates associated with Crohn’s dis-
ease rise notably with age, with individuals aged 65 and above 
showing the highest rates [6]. This increase can be linked to the 
advancement of the disease, the presence of comorbidities, 
and the emergence of complications that are more prevalent 
in older individuals. Specifically, adults over 75 are at greater 
risk for serious complications such as bowel obstructions, per-

forations, and colorectal cancer, all of which contribute to an 
elevated mortality risk [15]. The increase in APC values for this 
age group after 2018 further underscores this heightened risk.

Mortality rates for Crohn’s disease vary significantly depend-
ing on urbanization, with the highest rates found in Large Cen-
tral and Large Fringe Metro areas. Studies suggest that urban 
settings are associated with higher incidence rates of IBD, in-
cluding Crohn’s disease, due to environmental factors like diet, 
pollution, and lifestyle changes common in cities [16,17]. Urban 
living has been shown to increase exposure to various risk fac-
tors for gastrointestinal diseases, potentially worsening symp-
toms and complications [18]. Additionally, the environmental 
changes associated with urbanization may disrupt the gut mi-
crobiota, raising the likelihood of developing conditions like 
Crohn’s disease [18]. Additionally, most of the Crohn’s disease-
related deaths occurred in inpatient medical facilities, indicating 
that many patients experience significant disease progression 
necessitating hospitalization [19,20]. The reliance on inpatient 
care underscores the severity of cases and the necessity for in-
tensive medical intervention [19].

Our research reveals that the South experiences the high-
est number of Crohn’s disease-related deaths, followed by the 
Midwest, West, and Northeast. The South’s AAPC of 10.799 be-
tween 2018 and 2020 points to a concerning rise in mortality, 
likely linked to worsening disease management and disparities 
in healthcare access and socioeconomic factors [7]. The higher 
prevalence of risk factors like obesity and smoking in certain 
regions may exacerbate health outcomes [21]. Environmen-
tal influences such as diet and pollution also contribute to the 
severity and management of the disease [16]. In contrast, the 
Midwest and West show stable AAPC values, reflecting signifi-
cant mortality but without the concerning increases seen in the 
South and Northeast. The absence of significant pairwise differ-
ences implies that similar underlying factors may be affecting 
mortality trends across these regions.

Limitations

This study has a few limitations, such as its dependence on 
mortality data, which might not completely reflect the full range 
of Crohn’s disease-related health complications. The regional 
data, when grouped together, may obscure local differences in 
healthcare access and treatment approaches. Additionally, the 
lack of detailed demographic information and treatment history 
limits our ability to fully understand the factors affecting mor-
tality. Finally, although trends from 1999 to 2020 provide useful 
insights, they might not capture the latest changes in health-
care practices or treatment advancements.

Conclusion

In conclusion, Crohn’s disease mortality trends reveal con-
cerning increases in death rates, particularly after 2018, likely 
due to the escalating severity of the disease, complications 
like bowel obstructions and colorectal cancer, and healthcare 
disruptions during the COVID-19 pandemic. Gender and racial 
disparities were also evident, with women experiencing higher 
mortality than men and Whites having the highest overall rates. 
Age and regional differences further influenced mortality, with 
older adults and those in urban or socioeconomically disadvan-
taged areas at greater risk. These findings highlight the need for 
further investigation into the underlying causes of these trends, 
including environmental, lifestyle, and healthcare factors, to 
improve disease management and patient outcomes. Future 
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research should focus on addressing disparities in care, enhanc-
ing treatment strategies, and exploring the long-term effects 
of recent healthcare disruptions. Continued advancements in 
treatment options, including biological therapies and preci-
sion medicine, will be vital in improving outcomes for Crohn’s 
disease patients. Additionally, the collection of comprehensive 
demographic and treatment data is essential for developing tar-
geted public health policies and interventions to reduce Crohn’s 
disease mortality in vulnerable populations.
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