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Abstract

BACKGROUND

Gastrointestinal bleeding (GIB) is a common and potentially life-threatening clinical
event. To date, the literature on the long-term global epidemiology of GIB has not been

systematically reviewed.

AIM
To systematically review the published literature on the worldwide epidemiology of

upper and lower GIB.

METHODS

Embase® and MEDLINE were queried from 01 January 1965 to September 17, 2019 to
identify population-based studies reporting incidence, mortality, or case-fatality rates of
upper or lower GIB in the general adult population, worldwide. Relevant outcome data
were extracted and summarized (including data on rebleeding following initial
occurrence of GIB when available). All included studies were assessed for risk of bias

based upon reporting guidelines.

RESULTS

RESULTS

Of 4203 retrieved database hits, 41 studies were included comprising a total of around
4.1 million patients with GIB worldwide from 1980-2012. Thirty-three studies reported
rates for upper GIB, four for lower GIB, and four presented data on both. Incidence
rates ranged from 15.0 to 172.0/100,000 person-years for upper GIB, and from 20.5 to
87.0/100,000 person-years for lower GIB. Thirteen studies reported on temporal trends,
generally showing an overall decline in upper GIB incidence over time, although a
slight increase between 2003 and 2005 followed by a decline was shown in 5/13 studies.
GIB-related mortality data were available from six studies for upper GIB, with rates

ranging from 0.9 to 9.8/100,000 person-years, and from three studies for lower GIB,




with rates ranging from 0.8 to 3.5/100,000 person-years. Case-fatality rate ranged from
0.7 to 4.8% for upper and 0.5 to 8.0% for lower GIB. Rates of rebleeding ranged from
7.3%to 32.5% for upper GIB and from 6.7 to 13.5% for lower GIB. Two main areas of
potential bias were the differences in the operational GIB definition used and

inadequate information on how missing data were handled.

CONCLUSION
Wide variation was seen in estimates of GIB epidemiology, likely due to high
heterogeneity between studies however, UGIB show a decreasing trend over the years.

Epidemiological data are more widely available for UGIB than for LGIB.
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Core Tip: This review addresses an important literature gap in summarizing the long-
term global epidemiology of GIB. Epidemiological data were more widely available for
UGIB than for LGIB, which were limited. Estimates of GIB were highly heterogeneous,
often due to differences in case definitions, but showed a decreasing trend for UGIB

incidence.

INTRODUCTION

Gastrointestinal bleeding (GIB) is a potentially life-threatening clinical event resulting in
more than 400,000 hospital admissions in the United States (US) each year, and
associated with substantial economic burden for healthcare systemsll2l. Upper GIB

(UGIB) is observed between the mouth and the duodenum, while lower GIB (LGIB)




occurs distal to the ligament of TreitzP4L Risk factors for GIB are well-established and
include older age, being male, smoking, alcohol use, and medication usel5-13]. Previous
reviews on the epidemiology of UGIB have focused on specific etiologies such as peptic
ulcer bleeding (PUB)[111415], outcomes associated with risk factors[1¢-18], or prediction
scores [19-21], while reviews on lower GIB (LGIB) are lacking. An overarching review of
the long-term worldwide epidemiology of GIB would enable the totality of evidence on
this topic to be obtained, covering decades that have seen advances in preventative
measures and management. This would also help identify areas where data gaps
remain, guiding future investigations. We therefore performed a systematic review of
the literature with the aim of describing the long-term worldwide epidemiology of

UGIB and LGIB in the general population.

MATERIALS AND METHODS

Data sources and search

Embase® and MEDLINE databases were queried from 01 January 1965 to September 17,
2019, using searches for the keywords ‘epidemiology’, ‘incidence’, ‘prevalence’,
‘mortality’, ‘case fatality’ combined with ’gastrointestinal’, “hemorrhage’,
‘haemorrhage’, ‘bleeding’ in title or abstract. The search was restricted to studies in
humans and those written in English. Deduplication across databases was performed
by the embedded function within Embase® platform. The complete electronic search

strategy is shown in Supplementary Table 1.

Inclusion and exclusion criteria

Following Cochrane Collaboration guidelines!3l, we included population-based studies
reporting either incidence, mortality or case-fatality rates for UGIB and/or LGIB in the
general adult population. We included studies on either acute or chronic GIB, and those
on variceal or non-variceal UGIB (NVUGIB). We excluded randomized controlled trials
and interventional studies because they are not designed to assess epidemiology of a

disease and are based on selected groups of individuals. Conference abstracts,




editorials, letters, notes, and short surveys were excluded. Studies among patient
subgroups (e.g., cirrhotic patients, drug users), and those that investigated only specific
GIB etiologies (e.g., PUB, Mallory-Weiss) or degrees of bleeding (e.g., massive LGIB)
were also excluded, as were those where

GIB was undefined, unspecified as UGIB/LGIB, or where mortality rates were not
specified as being GIB-related. When two or more publications presented data from the
same or overlapping population, we included only the study conducted over the most
recent period, unless the older data provided more extensive information on study

endpoints.

Article screening and data extraction

Titles and abstracts were screened independently by two authors ($SS and MM), with
disagreements resolved by cross-checks and discussions with the third author (PV). For
remaining articles, full text was reviewed. Details about the study design, population
and results were extracted from each article. When rates were not reported explicitly,
they were calculated from the available data (including from graphical displays)

wherever possible.

Data analysis

Data were presented for UGIB and LGIB separately. Outcome measures were incidence
rate, mortality rate and case-fatality rate. Incidence rates were extracted or calculated
and presented as the number of patients with GIB divided by person-time, and
mortality rates were extracted or calculated as the number of GIB-related deaths
divided by person-time; both were expressed per 100,000 person-years. For estimate
calculations, person-time was defined as the population size of the catchment area
multiplied by follow-up-time (usually approximated as the study duration). Case-
fatality rates were extracted or calculated as the percentage of GIB-related deaths
among the total number of patients with GIB in the study population. Where available,

data on rebleeding were extracted or determined as the percentage of GIB recurrences




among patients with GIB. Rates were displayed using forest plots with 95% confidence
intervals. Studies that reported incidence rates at different timepoints were displayed
graphically to visualize temporal trends. Analyses were conducted using R on RStudio

[Version 1.1.423] with ggplot2 and forest plot packages.

Assessment of bias

Risk of bias was assessed at the study level based on published guidance with
amendments22l(Supplementary Table 2). Each study was also evaluated against
reporting guidelines for observational studies/®l(Supplementary Table 3). Risk of bias
across all studies was not assessed as rates were presented individually for each study,

and pooled cumulative estimates were not calculated.

RESULTS

A total of 4793 database hits were retrieved from the search (4203 from Embase®, 509
from MEDLINE.) Following the screening of titles and abstracts (4415 were excluded),
353 articles remained. After full-text screening, 36 articles were retained for the final
review!2+-59. A further five studies were included after screening bibliographies of full-
text articles and relevant reviewslt0-64l(see PRISMA flowchart in Supplementary Figure
1 and hierarchical reason for exclusion in Supplementary Table 4). Of the 41 included
studies (covering approximately 4.2 million individuals), 33 studies provided estimates
on UGIB (eight specifically on NVUGIB), four on LGIB, and the remaining four
reported data on both. Characteristics of the included studies are shown in Table 1.
Twenty-six studies were from Europe, eight from North America, six from Asia-Pacific
and one from the Middle East. Of 33 studies on UGIB, eight reported estimates only for
NVUGIB. No population-based study was identified that reported epidemiological
variables of interest for variceal UGIB. The diagnostic procedure for GIB was endoscopy
in 27 studies, and unclear for the remaining studies. Data sources used were hospital

records (19 studies), administrative database (12 studies), hospital surveys (7 studies),




electronic health records (EHR), and survey cohort study (one study) and claims data

combined with clinical data (one study).

Incidence of UGIB
Twenty-nine studies reported incidence rates for UGIB which ranged from 15.0 per
100,000 person-years to 172.0 per 100,000 person-years over 1980 to 2012 (Figure 1),
with high heterogeneity across and within countries. Approximately two-thirds of
incidence rates (65.5%) were within the range of 50 to 120 per 100,000 person-years.
Four studies reported estimates for NVUGIB incidence ranging from 15.0 per 100,000
person-years to 108.0 per 100,000 person-years, also with high heterogeneity between
studiesP4384054 Incidence rates among studies that included GIB only as primary
diagnosis were lower than studies that did not restrict inclusion to primary diagnosis
onlyB5445259,64] except for when the numerator was the number of hospitalizations4248].

A hospital-based survey from France that included out-patient diagnosed GIB reported

the highest incidence estimate of 143 per 100,000 person-years for the year 1996321,

There were thirteen studies that described temporal trends of UGIB incidence within
the defined study years. Among these, overall declines in UGIB incidence were seen
over time (Figure 2), most notably in Japan, which saw a particularly rapid decline,
albeit with a spike in 2003[43l. Other studies described a slight increase in UGIB
incidence between 2003-2005 followed by a declinel4142445264]  Differences between
studies that reported rates from the same country were likely due to different inclusion
criteria and GIB definition. Among two studies from Italy in 2004, one reported a rate of
84.8 per 100,000 person-years for UGIB incidence with the inclusion of hospital bleeds
based on clinical datal®%, while the other reported a rate of 52.4 per 100,000 person-years
for emergency GIB-related admissions from administrative data with a larger sample
sizel52l, In the US, estimates for UGIB incidence from three administrative database
studies, which identified GIB using primary diagnosis codes from administrative

databases, ranging from 60 to 110 per 100,000 person-years across several timeframes




between 1989 and 2012044564 Also from the US, a hospital-based study reported higher
UGIB incidence at 152.9 per 100,000 person-years over their 1992-1999 study period,

where GIB cases were not limited to primary diagnoses only[@l.

UGIB-related mortality

Mortality was reported in six studies; UGIB-related mortality was not reported directly
in four and so estimates were calculated from available datal2837.5461] Estimates ranged
from 0.88 to 9.75 per 100,000 person-years (Figure 3). Two studies with large sample
sizes reported mortality rates for NVUGIB as 1.1 per 100,000 person-years using clinical
data from SpainP¥ and 1.83 per 100,000 person-years in Canada based on
administrative claims!®]; these were lower than most mortality estimates of overall

UGIB.

UGIB case-fatality

Case-fatality rates for UGIB were reported in 15 studies with estimates ranging from 0.7
to 4.7% (Figure 4). Case-fatality for NVUGIB ranged between 1.6% and 4.0%, with
higher rates from studies that restricted to UGIB as the primary diagnosis (234 In
four studies, the number of UGIB-related deaths was very low, leading to imprecise
estimates(242637.46] . UGIB case-fatality rates varied across regions during 1980-2013,

although higher rates were reported in earlier years, particularly in Europe.

Incidence of LGIB

Six studies reported incidence rates for LGIB; estimates ranged between 20.5 and 87.0
per 100,000 person-years(7.3040445052] with the lowest estimate from a US claims
database in study years from 1990-1993P and the highest from a single hospital-based
study from Iceland in 20101501, In Scotland, the incidence of LGIB was found to be 27 per
100,000 person-years based on a study using hospital records for the period 1990-
1993177}, while for the same period, a claims-based study from the US reported a rate of

20.5 per 100,000 person-yearsl®l. Another US claims database study reported a LGIB




incidence rate of 41.8 per 100,000 person-years for the year 2001144, Analysis of
administrative data from the Veneto region in Italy (with a population around 5
million), reported an incidence of LGIB in 2001 of 27.3 per 100,000 person-years(>2l.
Studies reporting time trends in LGIB incidence found that rates fluctuated across time,
with higher rates observed during 2001-20054452l. In a hospital study from Sweden,
rates decreased from 55.6 to 43.2 per 100,000 person-years over a 10-year period starting
from 1994101,

LGIB-related mortality

Three studies reported estimates for LGIB-related mortality[273840l, Using data from 10
hospitals within the Spanish National Health system and covering a population of
around 4 million, Lanas et al (2009) demonstrated that LGIB-related mortality increased
from 0.2 to 1.0 per 100,000 person-years between 1996 and 2005[3l. A single-centre
hospital based study from Grampian and the Northern Isles in Scotland, found LGIB-
related mortality to be 1.4 per 100,000 person-years over a 10-year study period (1994~
2004)271, while over the same time period, an increase in LGIB-related mortality was

observed in Sweden from 0.59 to 3.45 per 100,000 person-years(l,

LGIB case-fatality

Six studies reported LGIB case-fatality rates with estimates ranging from 0.5% to
8.0%1273038405055] L GIB case-fatality among patients in Spain fluctuated over 1996-2005,
increasing from 2.9% in 1996, peaking at 5.0% in 1999, and declining to 2.6% in 2005031,
Based on 170,727 hospital records in Sweden between January-December 1994, LGIB
case-fatality increased from 1.0% to 8.0% over a 10-year study period (1994-2004) albeit
based on only 69 LGIB cases!%l. Other reported LGIB case-fatality rates range from 0.5%
in a US claims database study on 219 cases between 1990 and 19933 to 5.1% from a
hospital-based study in Scotland with 252 cases over an overlapping period (1991-
1993)1271. More contemporary LGIB case-fatality rates from Japan and Iceland were

reported as 2.5%(74) and 1.2%[5%, respectively.




Rebleeding (UGIB/LGIB)

Seven studies reported UGIB rebleeding rates. These ranged from 7.3% to 32.5% with
rebleeding rates generally lower in the more contemporary studies. Five studies
reported NVUGIB rebleeding rates ranging from 2.9% to 20.3%. Rebleeding rates for

LGIB were reported in two studies covering the early 1990s; rates were 13.5% and
6.7 %301,

Risk of bias and methodological reporting guideline assessment

Two main potential areas of bias were identified: UGIB/LGIB definition and inadequate
information on how missing data were handled (Supplementary Figure 2,
Supplementary Table 5). Based on the assessment of individual studies, 2 out of 19
studies that used standardized classification methods failed to provide UGIB/LGIB
codes, despite adopting ICD criteria for classification®>*]. Only 12 out of 41 studies
described how they handed missing data - by excluding individuals with missing data
in their records. The low risk of bias domains were the identification of target
population and the appropriate sampling of patients. Thirty-nine percent of studies
reported adequate information on the inclusion of patients in the study, and 41.5%
presented thorough descriptive data on patient characteristics (Supplementary Table

6). Only 29% of studies described the generalizability of their results.

DISCUSSION

Gastrointestinal bleeding is an important clinical event associated with high patient
burden and major resource implications for healthcare systems. Our review provides
broad insights into the long-term worldwide epidemiology of GIB in the general adult
population. Incidence, mortality, and case-fatality rates for GIB were found to vary
substantially across and within countries. For UGIB, estimates ranged from 15.0 per
100,000 to 172.0 per 100,000 person-years for incidence (with a decline seen over time),
0.9 per 100,000 to 9.8 per 100,000 person-years for UGIB-related mortality, 0.7% to 4.8%




for case-fatality, and 7.3-32.5% for rebleeding. For LGIB, estimates ranged from 20.
per 100,000 person-years to 87.0 per 100,000 person-years for incidence, 0.2 per 100,000
person-years to 1.0 per 100000 person-years for LGIB-related mortality, 0.5% to 8.0% for
case-fatality, and 6.7-13.5% for rebleeding.

Our results are in line with findings from earlier reports of a decreasing trend of UGIB
incidence [15], albeit the data were heterogeneous likely due to methodological
differences such as inclusion criteria and operational definition of GIB. These
differences resulted mainly from either restriction to hospital cases or the inclusion of
patients where GIB was the sole primary diagnosis. For example, a high UGIB incidence
of 143 per 100,000 person-years was observed in France, where 16% of the 2133 included
UGIB cases were managed out of the hospital setting[32, compared with a much lower
rate of 49.0 per 100,000 person-years reported in Italy where patients with GIB as the
sole primary diagnosis were included[®3l. Incidence rates from studies that restricted
UGIB cases to those resulting in a hospital admission may have been underestimated.
This is noteworthy because over time, UGIB cases deemed at low risk have tended to be
treated on an outpatient basis®l. Similarly, in terms of deaths, exclusion of deaths
before hospital arrival would likely result in mortality underestimation, although the
assumption that severe GIB cases would be admitted to inpatient settings could lead to
overestimations of case-fatality. The clinical definition of GIB differed across studies,
and those that used clinical markers for UGIB (such as anemia) reported higher
incidence rates(32%]. In other studies where cases with another primary diagnosis were
excluded incidence rates were generally lower, and possibly underestimated. In
addition, among administrative database studies, differences in inclusion criteria were
observed in the standardized codes (e.g., ICD-10) used to ascertain GIB. Diagnostic
differences in GIB have been reported by others 3], and in our risk of bias assessment, a
high proportion of studies demonstrated a high risk of classification bias for GIB cases.
Aside from differences in methodologies, heterogeneity in GIB epidemiology over our

decades long inclusion period could be attributed to changes in both the prevalence of




risk factors and clinical practice over time. Changes in social deprivation[2730.6065],
administration of acid suppressive therapy with proton-pump inhibitorsl3.49.63.65], as
well as risk inducing medication use such as selective serotonin reuptake inhibitors and
non-steroidal anti-inflammatory drugs have all been associated with GIB prevalence in
the literature(11.39.40.66.67]; 3 detailed review of these was beyond the scope of this review.
Incomplete information on patient characteristics was a domain of high risk, which

makes it difficult to assess differences in clinical markers across studies.

The limited data on LGIB was unsurprising because, relative to UGIB, it is less
commonly encountered in clinical practice, and research would understandable be
more focused on the latter. Diagnosis is also more challenging for LGIB as illustrated in
one the study, where 25% of undefined cases of hematochezia originally suspected to be
sourced from the lower GI tract, were later confirmed as UGIBI%l. Additionally, most
therapeutic advancements did not benefit bleeding sites beyond the duodenum!%6% and
surgical interventions were less effective for LGIB compared to UGIB due to difficulties
in bleeding localization[®2. This could limit the exploration on the epidemiology LGIB,
as less impact would be expected on the management of the event upon lacking
advancements and studies presenting data on LGIB would remain limited. Our review
also revealed limited published data on UGIB-related mortality and case-fatality. Where
reported, UGIB-related mortality was low, possibly indicative that of UGIB-death is
more commonly a result of advanced comorbidities rather than an excessive bleed per
se. Previous studies have shown while peptic ulcer is the most frequent cause of UGIB
in hospital settings, death in UGIB cases more commonly occur due to gastric cancer or
esophageal varices?>23161 With further research on UGIB-related death, clinical
management strategies could be devised more effectively to target the predictors of

UGIB incidence, independently from those for mortality.

This review has several strengths. We systematically reviewed the literature on the

long-term worldwide epidemiology of GIB across, and we are unaware of any previous




study to have done this. Systematic reporting of disease epidemiology across
geographical regions - where patients may differ in their characteristics and where
differences in clinical management through diagnosis and treatment may occur - is
important for identifying factors that could influence estimates of occurrence. We
identified areas of differences in study methodology and reporting, applying risk of
bias assessment, to explicate variability across studies. In terms of limitations, we only
included studies written in English, although this has not been associated with
systematic bias in other reviews[”71l. Some articles published before 1991 may not have
been captured as database indexing was suboptimal at this time with low sensitivity of
keyword searchl”2l; however, bibliography of relevant articles and reviews were
scanned to minimize information bias. Additionally, all studies on variceal bleeding
identified during the search were either small and not population-based, and/or had no
epidemiological variables of interest reported, therefore we were unable to describe the
epidemiology of variceal bleeding. Lastly, estimates were not pooled due to the limited
number of included studies and their study heterogeneity, which could limit the

applicability of findings to inform about the real-world epidemiology of GIB.

CONCLUSION

Our systematic literature review describes wide ranging estimates of the long-term
epidemiology of GIB, which is likely due to high heterogeneity between studies.
Overall, the incidence of UGIB shows a decreasing trend over the years.
Epidemiological data are more widely available for UGIB than for LGIB, which was

limited.

ARTICLE HIGHLIGHTS

Research background
Gastrointestinal bleeding (GIB) can be a life-threatening medical event; however,

reviews on the overall global epidemiology of the condition are lacking. Previous




reviews have instead covered risk factors or prediction scores for GIB or have described

the epidemiology of GIB arising from specific etiologies.

Research motivation
No overarching review on the broad and long-term worldwide epidemiology of GIB
currently exists. A systematic review would be highly informative for future research in

the field to provide a robust overview of GIB incidence, mortality and case-fatality.

Research objectives

The objectives were to perform a systematic review of the long-term global
epidemiology of both upper GIB (UGIB) and lower GIB (LGIB), covering incidence,
mortality and case-fatality of the condition. Such population-based estimates would
enable trends over time, and by geography, to be observed, which could have been
influenced by changing medical practices, and it would also help identify areas where

data are plentiful or lacking.

Research methods

A search strategy using relevant keywords was conducted using Embase and
MEDLINE from 1 January 1965 to 17 September 2019. Conference abstracts, editorials,
letters, notes, and short surveys were excluded, as well as randomized controlled trials
and interventional studies (as these are performed among selected individuals, and do
not enable population-based epidemiological estimates to be calculated). Two authors
undertook the screening the titles and abstracts and full papers. Data on the

epidemiology variables of interest were extracted.

Research results 8

2
Thirty-six studies were included. The main findings were that the incidence of UGIB
ranged from 15.0 to 172.0/100,000 person-years and the incidence of LGIB ranged from

20.5 to 87.0/100,000 person-years, although data for LGIB were more limited than for




UGIB. Temporal trends were described in 13 studies and showed an overall decline in
upper GIB incidence over time. UGIB mortality rates ranged from 0.9 to 9.8/100,000
person-years, and from 0.8 to 3.5/100,000 person-years for LGIB; case-fatality rate
ranged from 0.7 to 4.8% for UGIB and 0.5 to 8.0% for LGIB.

Research conclusions

Substantial variation exists in estimates of GIB epidemiology worldwide, likely due to
high heterogeneity between studies, highlighting a lack of consistency in GIB
definitions. As data on LGIB epidemiology were sparse, this area should be further

explored in future research.

Research perspectives
The proposed direction of future research would be to obtain contemporary estimates
of UGIB and, especially LGIB epidemiology from large, high quality, population-based

studies with good case ascertainment and case validation.
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