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Abstract

Background: There have been reports of increased upper gastroin-
testinal bleeding (UGIB) in patients with coronavirus disease 2019 
(COVID-19). Still, only a few studies have examined the mortality 
rate associated with UGIB in the United States before and during 
COVID-19. Hereby, we explored the trends of UGIB mortality in the 
United States before and during COVID-19. The study’s objective 
was to investigate whether the COVID-19 pandemic significantly im-
pacted UGIB mortality rates in the USA.

Methods: The decedents with UGIB were included. Age-standard-
ized mortality rates were estimated with the indirect method using the 
2000 US Census as the standard population. We utilized the deidenti-
fied data from the Centers for Disease Control and Prevention Wide-
Ranging Online Data for Epidemiologic Research (CDC WONDER) 
database. Linear regression analysis was performed to determine 2021 
projected mortality rates based on trends between 2012 and 2019 to 
quantify the association of the pandemic with UGIB-related deaths.

Results: The mortality rate increased from 3.3 per 100,000 to 4.3 per 
100,000 among the population between 2012 and 2021. There was a 
significant increase in the overall mortality rate between each year 
and the following year from 2012 to 2019, ranging from 0.1 to 0.2 per 
100,000, while the rise in the overall mortality rate between each year 
and 2021 ranges from 0.4 to 0.9 per 100,000.

Conclusions: Our results showed that the mortality rate increased 

among the population between 2012and 2021, suggesting a possi-
ble influence of COVID-19 infection on the incidence and mortality 
of UGIB.

Keywords: Upper gastrointestinal bleeding; COVID-19; Trending 
mortality rate; CDC WONDER database

Introduction

Upper gastrointestinal bleeding (UGIB) is a potentially life-
threatening medical condition affecting millions globally [1]. 
It is caused by various factors, including peptic ulcers, esopha-
geal varices, and gastric cancer. UGIB is responsible for ap-
proximately 75% of all cases of acute gastrointestinal bleed-
ing [2]. In the United States, UGIB is a significant cause of 
morbidity and mortality, with a mortality rate of approximately 
10% [3-5].

Coronavirus disease 2019 (COVID-19) is a recent infec-
tious viral disease that occurs due to severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). COVID-19 is usually 
an asymptomatic disease or presents with variable degrees of 
flu-like manifestations [6, 7]. It may progress to a severe and 
critical degree of respiratory distress which may be explained 
by the associated cytokine storm and cytotoxic effect of COV-
ID-19 on the airway epithelium [8, 9].

The COVID-19 pandemic has raised concerns about in-
creased mortality rates from UGIB for reasons that are not yet 
fully understood [10, 11]. SARS-CoV-2 was found to alter the 
patient’s coagulation profile and increase the risk of throm-
bosis and coagulopathy. Mainly because the natural antico-
agulation mechanisms are downregulated due to the inflam-
matory processes initiated by the viral infection in addition 
to the endothelial damage, which releases the von Willebrand 
factor and activates complement [12-14]. Prolonged COVID-
19-related hospital stays and using antithrombotic medications 
also played a role in altered coagulation profiles that may in-
crease the risk of gastrointestinal bleeding. Moreover, corti-
costeroids and mechanical ventilation utilization, which may 
be required in severe COVID-19 infections, are significantly 
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well-established risk factors for gastrointestinal bleeding [15, 
16]. Additionally, during the pandemic, there were significant 
disruptions in healthcare delivery systems and delayed medi-
cal interventions [17-19].

To date, no sufficient studies have evaluated the UGIB 
mortality rate in the USA before and during the COVID-19 
pandemic. Therefore, this study aimed to analyze death re-
cords and data from the Wide-Ranging Online Data for Epide-
miologic Research (WONDER) database to assess the associa-
tion between the COVID-19 pandemic and the change in the 
mortality rate among patients with UGIB.

Materials and Methods

This cross-sectional study used deidentified publicly avail-
able data, so informed consent and institutional review board 
approval were not required in accordance with the Common 
Rule. The study followed the STROBE reporting guideline 
[20]. The study was conducted in compliance with the ethi-
cal standards of the responsible institution on human subjects 
as well as with the Helsinki Declaration. We obtained deiden-
tified data from the National Vital Statistics System (NVSS) 
through the Centers for Disease Control and Prevention (CDC) 
WONDER database [21]. The NVSS database registers more 
than 99% of deaths in the USA, and this study used data up-
dated to January 22, 2022 [22]. Deaths from UGIB causes 
were identified by International Classification of Diseases, 
Tenth Revision (ICD-10) code (K92.0-K92.1-K92.2-I85.0-
K22.1.K25.0-K25.2-K25.4-K25.6-K26.0-K26.2-K26.4-
K26.6-K27.0-K27.2-K27.4-K27.6-K28.0-K28.2-K28.4-
K28.6-K29.0-K63.8-K31.8-K29.7-K22.6-K22.8-K27.1), 
gender, and age. Individuals younger than age 25 years were 
excluded from the study.

We included decedents with UGIB, defined by ICD-10 
diagnosis codes, as one cause of death (multiple causes were 
possible). Age-standardized mortality rates were estimated 
with the indirect method using the 2000 US Census as the 
standard population [23]. We performed linear regression 
analysis to determine 2021 projected mortality rates based on 
trends between 2012 and 2019. We quantified the association 

of the pandemic with UGIB-related deaths by calculating per-
centage differences between the projected and observed mor-
tality rates. To enrich robustness, we also performed a sensitiv-
ity analysis by setting UGIB as the underlying (primary) cause 
of death. Statistical analyses were performed using the CDC 
WONDER database (age standardization), R version 4.0.2 
(data cleaning and management), and PyCharm version 3.9.0 
(modeling analysis).

Results

Table 1 and Figure 1 demonstrate the overall mortality rate 
from UGIB and the correlation between the mortality rate, age, 
and sex. The mortality rate increased from 3.3 per 100,000 to 
4.3 per 100,000 among the population between 2012 and 2021. 
The youngest age group (25 - 44 years) showed the lowest 
mortality rate (0.28 per 100,000 in 2012 vs. 0.48 per 100,000 
in 2021), while the oldest age group (65 - 84 years) showed the 
highest mortality rate (11.0 per 100,000 in 2012 vs. 13.13 per 
100,000 in 2021) across all age groups. Regarding the sex of 
the population, the female group showed an elevation of the 
mortality rate from 3.3 per 100,000 in 2012 to 4.1 per 100,000 
in 2021. The male group showed an elevation of the mortality 
rate from 3.3 per 100,000 in 2012 to 4.5 per 100,000 in 2021. 
The mortality rate in males (3.8 per 100,000 in 2016 and 4.5 
per 100,000 in 2021) was higher than females between 2016 
and 2021 (3.5 per 100,000 in 2016 and 4.1 per 100,00 in 2020). 
Regarding the yearly geographical trend, in 2021, the high-
est states with mortality rates were: Montana, Wyoming, West 
Virginia, and Mississippi (Fig. 2). The increase in the overall 
mortality rate between each year and the next year from 2012 
to 2019 ranges from 0.1 to 0.2 per 100,000, while the increase 
in the overall mortality rate between each year and 2021 rang-
es from 0.4 to 0.9 per 100,000.

Discussion

The influence of COVID-19 infection on the mortality rates 
of UGIB has been a topic of significant interest and research. 

Table 1.  Mortality Rate per 100,000 for Patients With UGIB From 2012 Through 2021

Variable
Mortality rate per 100,000

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Overall 3.3 3.5 3.5 3.5 3.6 3.7 3.8 3.8 4.2 4.3
Age, years
  25 - 44 0.28 0.28 0.26 0.26 0.28 0.31 0.31 0.36 0.45 0.48
  45 - 64 2.17 2.33 2.35 2.26 2.53 2.50 2.61 2.64 3.05 3.25
  65 - 84 11.0 11.3 11.1 11.1 11.2 11.3 11.3 11.6 12.3 13.13
Sex
  Female 3.3 3.4 3.4 3.5 3.5 3.6 3.6 3.6 3.9 4.1
  Male 3.3 3.5 3.5 3.5 3.8 3.9 4.0 4.0 4.4 4.5

UGIB: upper gastrointestinal bleeding.
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This study provides valuable insights into the impact of COV-
ID-19 infection on UGIB incidence and mortality rates. We 
found that the mortality rate increased from 3.3 per 100,000 to 
4.3 per 100,000 among the population between 2012 and 2021. 
We also noticed that the mortality rate increased with aging 
and the male gender.

We reviewed the literature for similar trending studies of 
UGIB, where Vora et al evaluated the incidence of mortal-
ity and case fatality rates through a 30-year mortality trends 
analysis in Finland. They included 39,054 participants, and 
494 (1.3%) suffered from UGIB. The age-standardized inci-
dence of UGIB was 0.94 per 1,000 participants. Similar to our 

Figure 1. Trends in UGIB-related mortality before and during the COVID-19 pandemic, 2012 to 2021. Mortality rates are present-
ed for decedent groups stratified by sex and age. UGIB: upper gastrointestinal bleeding; COVID-19: coronavirus disease 2019.

Figure 2. Geographical trending of the UGIB-related mortality before and during the COVID-19 pandemic, 2012 to 2021. UGIB: 
upper gastrointestinal bleeding; COVID-19: coronavirus disease 2019.
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results, the incidence of UGIB and mortality was higher in 
males than in females. The reported UGIB-related mortality 
was (0.07 per 1,000 person-years) and the case fatality was 7 
per 100 persons with (95% confidence interval: 4.7 - 10.1). Fi-
nally, they concluded that the case fatality was stable through 
the 30-year analysis. However, it was higher in males than fe-
males by about 5-10% [24].

Peiro Moreno et al studied the changes in the sales of non-
steroidal anti-inflammatory drugs (NSAIDs) and the trends of 
UGIB in Valencia from 2000 to 2005 [25, 26]. They found that 
an increase in NSAIDs use in this period was associated with 
an increase in the incidence of UGIB. However, it did not af-
fect UGIB hospitalization rates [27, 28]. On the other hand, the 
findings of our study and other recently published population-
based studies demonstrated an increase in hospitalization and 
mortality related to UGIB [29, 30]. Mohammed et al performed 
a trend analysis of UGIB in the last 15 years. They reported an 
increase in the UGIB hospitalization rates from 4.90% in 2006 
to 7.63% in 2020. They also suggested that the rise in the use 
of anti-inflammatory drugs, steroids, and anti-coagulants, as 
well as an aging population is the main contributing factor to 
this increase in the incidence of UGIB [31].

Several factors may contribute to the increased mortality 
rates observed in the study. COVID-19 infection can lead to 
significant respiratory complications, which may result in sys-
temic inflammation and coagulation abnormalities. These fac-
tors may increase the risk of bleeding and subsequent mortality 
in patients with UGIB. Furthermore, the COVID-19 pandemic 
may have interrupted healthcare systems, resulting in delayed 
or inadequate care for patients with UGIB [32, 33].

Multiple determinants could contribute to the geographi-
cal variations in UGIB mortality rates and certain states’ in-
crease in 2021, like Montana, Wyoming, West Virginia, and 
Mississippi. These factors include population age, lifestyle, 
socioeconomic status, and environmental factors. Overall, 
the reasons for higher UGIB mortality rates in these states are 
likely multifactorial and may require a combination of a closer 
look and public health interventions to address. Other factors 
influence this study’s outcome, including the pandemic’s du-
ration and severity, accessibility to healthcare services, and 
changes in patient behavior. The findings reveal an increase in 
mortality rates among the population between 2012 and 2021, 
suggesting a possible influence of COVID-19 infection on the 
incidence and mortality of UGIB.

This analysis may provide valuable insights into the im-
pact of the COVID-19 pandemic on UGIB mortality rates in 
the United States. By analyzing data from the CDC WONDER 
database, the study sheds light on the significant increase in 
mortality rates associated with this condition during the pan-
demic. These findings indicated that the mortality rates were 
considerably higher during the pandemic than pre-pandemic 
levels. Researchers attributed this alarming trend to various 
factors, including limited access to healthcare services, de-
layed diagnosis and treatment, and the overarching strain on 
healthcare systems. Additionally, this study highlighted the 
need for targeted interventions and public health measures to 
mitigate the increased risks faced by individuals with this con-
dition, emphasizing the importance of timely medical care and 
continued monitoring even amidst the global crisis.

Overall, this study represents a significant addition to our 
understanding of the medical and public health implications of 
the COVID-19 pandemic and underscores the importance of 
ongoing research and data analysis to guide effective interven-
tions and policy decisions.

This study has several strengths. To our knowledge, the 
current study is the most comprehensive analysis of the na-
tional mortality trends based on gender, age group, and region 
using unadjusted and adjusted estimates for UGIB as the un-
derlying cause of death.

This analysis has multiple limitations. One of the limita-
tions is the reliance on data from death certificates, which can 
contain inaccuracies and may not always provide a complete 
picture of the patient’s medical history.

Also, the analysis used death certificates not always listing 
the other risk factors contributing to mortality. Another area 
for improvement is that we could have stratified data by race 
or ethnicity. Although it was avoided to lower the suppressed 
data and erroneous estimates. The association between race or 
ethnicity and UGIB mortality has already been reported in ear-
lier studies. Additionally, the study only looked at mortality 
rates and did not analyze the incidence of UGIB, which could 
provide a more comprehensive understanding of the issue. 
Furthermore, the study’s focus on the COVID-19 era limits 
the generalizability of the findings to other periods. Finally, 
the study did not examine the impact of specific risk factors on 
UGIB, such as medication use or underlying medical condi-
tions.

Finally, these data may not be representative of the entire 
population or may not capture changes over time or differ-
ences across subgroups, which can limit the generalizability of 
the study findings. Finally, the CDC WONDER database only 
provides information on mortality rather than on morbidity or 
other outcomes of interest, which may limit the scope of the 
study.

In conclusion, the study shows interestingly, the overall 
mortality increased in 2020 and 2021, which may highlight the 
effect of COVID-19 infection on the incidence and mortality 
of UGIB. These results provide essential insights into the im-
pact of COVID-19 infection on UGIB incidence and mortality 
rates. The study highlights the need for ongoing research to un-
derstand the underlying mechanisms better and inform clinical 
decision-making in the context of the COVID-19 pandemic.
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