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Objectives: To compare the short-term mortality rates of gastrointestinal (GI) bleeding to
those of acute myocardial infarction (AMI) by estimating the 30-, 60-, and 90-day mortality
among hospitalized patients.

Methods: United States national health plan claims data (1999-2003) were used to identify
patients hospitalized with a GI bleeding event. Patients were propensity-matched to AMI patients
with no evidence of GI bleed from the same US health plan.

Results: 12,437 upper Gl-bleed patients and 22,847 AMI patients were identified. Propensity
score matching yielded 6,923 matched pairs. Matched cohorts were found to have a similar
Charlson Comorbidity Index score and to be similar on nearly all utilization and cost measures
(excepting emergency room costs). A comparison of outcomes among the matched cohorts
found that AMI patients had higher rates of 30-day mortality (4.35% vs 2.54%; p < 0.0001)
and rehospitalization (2.56% vs 1.79%; p = 0.002), while GI bleed patients were more likely to
have a repeat procedure (72.38% vs 44.95%; p < 0.001) following their initial hospitalization.
The majority of the difference in overall 30-day mortality between GI bleed and AMI patients
was accounted for by mortality during the initial hospitalization (1.91% vs 3.58%).
Conclusions: GI bleeding events result in significant mortality similar to that of an AMI after
adjusting for the initial hospitalization.
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Introduction

Upper gastrointestinal (GI) bleeding is a common medical condition that may lead
to substantial morbidity and mortality. The incidence rate of GI bleeding events has
varied substantially in the published literature, in part due to the broad definitions used
to examine GI bleeds. One systematic review of 40 publications of serious upper GI
bleeds, perforations, and other complications found an incidence rate of one per 1,000
person-years among nonusers of prescription nonsteroidal anti-inflammatory drugs
(NSAIDs)."! A recently published retrospective claims data study found an incidence
rate of GI bleeding events among NSAID users of 18 per 1,000 person-years.” Other
studies report the incidence of acute upper GI bleed at approximately one case per 1,000
adults in the general population each year.>* GI bleeding results in 250,000 to 300,000
hospitalizations and 15,000 to 30,000 deaths per year in the United States.>® Some
studies point to a 30-day mortality rate due to GI bleeding events as high as 14%,* while
others report a range between 6% and 10% per year, with rates increasing in patients
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with advancing age and increasing number of associated
underlying comorbidities.” ! More than $2.5 billion is spent
annually for inpatient care of this problem.®

Along with malignant neoplasms, cerebrovascular dis-
eases, and chronic lower respiratory diseases, acute myo-
cardial infarction (AMI) belongs to a category of disease
(diseases of the heart) associated with the greatest mortality
and morbidity.'> AMI was chosen as a comparison because
it is easily recognized by physicians as a cause of mortality.
Unlike mortality caused by GI bleeds, the degree of mortality
associated with AMI has been better documented. AMI is a
medical emergency, and the leading cause of death for both
men and women worldwide." It is estimated that 1,200,000
people suffer a (new or recurrent) coronary attack every year.
Thirty-day risk-standardized mortality from AMI among
patients aged 30—64 is reported as 7%, while among patients
aged 65 years or older, a 15.9% to 23.5% risk was recently
reported.'*1¢ In 2004, MI resulted in 732,000 to 896,000
hospitalizations in the United States (US). The estimated
total (direct and indirect) cost of coronary heart disease in
the US for 2007 is $151.6 billion."

Despite the high mortality rate of GI bleeding events and
the well known factors associated with the risk of bleeds,
more research is required to assess mortality rates of GI
bleeding events. Published US mortality data is outdated with
no new studies evaluating GI mortality published after the
year 2000. Understanding how mortality among patient with
GI bleeding events compares to the mortality associated with
an AMI may be valuable in providing context for assessing
the impact of the costs and consequences of GI bleeding
among patients enrolled in a large managed care organization.
The main objective of this study was to examine the 30-, 60-,
and 90-day mortality among patients hospitalized for upper
GI bleeds compared to a propensity-matched control cohort
of patients with acute AMI.

Methods

Data source

This was a retrospective cohort analysis using medical and
pharmacy claims data and enrollment information from a
large managed health care plan in the United States. Claims
are submitted by physicians, facilities, and pharmacies
for payment of services provided to covered health plan
members. The administrative claims database included data
for approximately 14 million covered lives with both medical
and pharmacy benefits. The health plan comprises discounted
fee-for-service independent practice association plans span-
ning the US, with the largest concentration in the southern

and midwestern regions. All study data were de-identified and
accessed with protocols compliant with the Health Insurance
Portability and Accountability Act.

Gl bleeding study subject identification
Patients at least 18 years of age with evidence of a hospi-
talization for an upper GI bleeding event during the period
from January 1st, 2000 through December 31st, 2003
were identified from the claims data and were selected for
inclusion if they had not been hospitalized for GI bleeding
or for GI surgery in the six-month pre-index period and
had no evidence of a hospitalization for AMI in the six-
month pre-index period. The admission date of the first
occurring hospitalization for a GI bleeding event, without
evidence of trauma, was defined as the index date. Patients
who were not continuously enrolled with both medical and
pharmacy benefits for at least six months prior to the index
date (“baseline” period) and at least 30 days (or until date
of death if patient died within the first 30 days) following
the index date (“follow-up” period) were excluded from the
study sample.

Patients were considered to have been hospitalized for an
upper Gl bleeding event if they had at least one medical claim
with any of the following International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
diagnosis codes listed in the primary position of an inpatient
hospitalization (456.0,456.20, 530.7, 530.82, 531.0x, 531.2x,
531.4x, 531.6x, 532.0x, 532.2x, 532.4x, 532.6x, 533.0x,
533.2x, 533.4x, 533.6x, 534.0x, 534.2x, 534.4x, 534.6x).
In addition, other hemorrhages attributable to the GI tract:
578.x or 459.0 (unspecified hemorrhage) p/us any upper GI
diagnosis other than those appearing above, ie, 459.0 or 578.x
plus any of [530.xx-537.xx, 558.x, 564.2-564.3] would clas-
sify a patient as having GI bleeding. For patients who had a
GI bleeding event code listed above in a secondary position
of an inpatient hospitalization AND the absence of a primary
diagnosis code that would indicate a non-GI bleeding rea-
son for the hospitalization (eg, cardiac), a physician would
review all primary diagnoses to verify the hospitalizations
as for GI bleeding.

AMI study subject identification

A second cohort of patients at least 18 years of age with
evidence of an inpatient hospitalization for AMI during the
period from January 1st, 2000 through December 31st, 2003
was identified from the claims data. These patients were
selected for inclusion if they had not been hospitalized for
AMI or for GI bleeding or for GI surgery in the six-month
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pre-index period. The service date of the first occurring
hospitalization for AMI, without evidence of trauma, was
defined as the index date. Hospitalizations for AMI were
defined as any hospitalization where AMI is listed as the
primary diagnosis code (ICD-9-CM code 410.xx).

To avoid situations where a patient had both GI bleeding
and AMI during the initial inpatient stay, patients with both
diagnoses during the initial hospitalization were removed
from the study sample.

Matching

In this study, a critical task was to develop comparable
cohorts of GI bleed and AMI patients. Because patients
experiencing GI bleed and AMI patients may have different
characteristics, matching was used to create two balanced
cohorts. To create two balanced cohorts, the GI sample was
matched to the corresponding AMI sample by hard-matching
on year/quarter (eg, 2005 Q1) of study entry; age + 2 years;
gender; Charlson Comorbidity Index (CCI) score, and pro-
pensity score £ 0.01.

Propensity score model

The propensity score is the conditional probability of GI
bleed given observed covariates. In a cohort study, matching
the propensity score can be used to balance all of the observed
covariates (which may be too numerous to independently
hard-match on).'"'® For a given covariate pattern, the propen-
sity score is the predicted the probability of being a member
of the GI bleed sample given a set of observed covariates.
A logistic regression model was estimated to predict the prob-
ability of a hospitalization for GI bleed versus hospitalization
for AMI for each patient. Factors considered for use in the
propensity score model included patient demographics (age,
gender), medication use, factors associated with mortality
(eg, comorbid conditions), resource utilization and costs,
and time of cohort entry (month/year).

Study measures

Variables used in matching

Patient demographic variables, age, gender, and geographic
location were captured from the enrollment data. Age was
defined as of the year of the index date. Filled prescriptions
in the pre-index period were examined for medications of
interest. Medications included were those associated with
cardiovascular diseases (eg, ACE inhibitors, angiotensin
receptor blockers [ARBs], beta-blockers, alpha-blockers,
calcium channel blockers [CCBs], nitrates, and lipid-lowering
agents) as well as those that were associated with GI disorders

(eg, H2 blockers, NSAIDs, and proton pump inhibitors).
Comorbidities, an important confounding factor, were mea-
sured during the baseline period using the CCI,*2° a clinical
index that incorporates 19 categories of comorbidity which
are primarily defined using ICD-9-CM diagnoses codes
(a few procedure codes are also employed). Each category
is assigned a weight to indicate relative comorbidity, which
is based on the adjusted risk of one-year mortality. Patients’
CClT score is the weighted sum of the conditions. The overall
comorbidity score reflects the cumulative increased likeli-
hood of one-year mortality; the higher the score, the more
severe the burden of comorbidity. Table 1 presents the base-
line CCI components.

Outcome variables
The main outcome variable evaluated in this study was
mortality during initial hospitalization and mortality after
discharge from the initial hospitalization thru 30-, 60-, and
90-days. The National Death Index (NDI) database was used
to compile mortality information. The NDI is a computer-
ized list of death records in the US compiled by the National
Center for Health Statistics through contractual agreements
with state vital statistics offices. The database includes deaths
reported since 1979 and is updated with approximately two
million deaths annually from all 50 US states, the District of
Columbia, Puerto Rico, and the Virgin Islands. All data for a
given calendar year are added to the NDI approximately one
year later. At the time of this study, the NDI death records
were complete through the end of 2005. NDI users submit
information on as many as 12 potential matching variables,
from which returned records are ranked on the basis of a
probabilistic scoring mechanism to determine the likelihood
of'a true match. The user then must decide which NDI records
may be associated with the subjects in question.?!
Procedures and rehospitalizations were also evaluated
30 days following the index date. Inpatient and outpatient
claims were used to identify cardiac revascularization for
the AMI sample and GI endoscopy for the GI bleed sample.
GI endoscopy was chosen as patients are likely to undergo
an endoscopy to follow up on a lesion or if re-bleeding is
suspected. Cardiac revascularization was chosen as many
patients following an AMI have coronary disease requir-
ing subsequent revascularization by either stent or surgery.
In addition, pre-index health care costs from medical and
pharmacy claims for services delivered in the six-month
pre-index period were calculated as a function of health plan
and patient liability. Reported costs reflect the total amounts
paid by the health plan and the patient.
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Table | Pre-match: baseline Charlson Comorbidity Index components

Variables Gl bleed N = 12,437 AMI N = 22,847 p-value
AIDS 264 (2.12%) 384 (1.68%) 0.2315
Hemiplegia or paraplegia 92 (0.74%) 76 (0.33%) 0.0002
Cerebrovascular disease 533 (4.29%) 876 (3.83%) 0.0386
Diabetes with chronic complications 690 (5.55%) 1,450 (6.35%) 0.0367
Mild or moderate diabetes 1,464 (11.77%) 3,498 (15.31%) <0.0001
Moderate or severe liver disease 492 (3.96%) 39 (0.17%) <0.0001
Mild liver disease 251 (2.02%) 38 (0.17%) <0.0001
Metastatic solid tumor 1,446 (11.63%) 942 (4.12%) <0.0001
Any malignancy 1,384 (11.13%) 1,576 (6.90%) <0.0001
Congestive heart failure 630 (5.07%) 1,255 (5.49%) 0.0880
Dementia 60 (0.48%) 63 (0.28%) 0.0017
Myocardial infarction 131 (1.05%) 2,815 (12.32%) <0.0001
Peptic ulcer disease 547 (4.40%) 112 (0.49%) <0.0001
Chronic pulmonary disease 1,490 (11.98%) 2,187 (9.57%) <0.0001
Peripheral vascular disease 365 (2.93%) 661 (2.89%) 0.8240
Renal disease 660 (5.31%) 882 (3.86%) <0.0001
Rheumatologic disease 281 (2.26%) 328 (1.44%) <0.0001

Analysis

The study outcomes (mortality, rehospitalization, and select
procedures) were compared between the matched cohorts
using a Chi-squared test. Comparison of all continuous
variables was based on two-sample t-tests and Chi-squared
test for dichotomous variables. All analyses were conducted
using the SAS software program (version 9.0; SAS Institute,
Inc., Cary, NC, USA). Matching and propensity score models
were performed using Stata statistical software (version 9.0;
Stata Corporation, College Station, TX, USA).

Results

Patient characteristics

A total of 12,437 patients met the study criteria for inclusion
into the GI bleed sample and 22,847 for inclusion into the
AMI sample. Prior to matching, patients in the GI bleed and
AMI samples differed significantly with regard to patient
characteristics, medication use, CCI score, and health care
utilization and costs, as shown in Tables 2 and 3. Patients
in the AMI sample were generally older, and a significantly
higher proportion of the AMI cohort was male. A comparison
of baseline medication use revealed several significant differ-
ences between the cohorts. Patients in the AMI sample were
significantly more likely to have taken most cardiovascular
medications, including ACE inhibitors, ARBs, beta-blockers,
alpha-blockers, CCBs, nitrates, and lipid-lowering agents. By
contrast, patients in the GI bleed sample had higher use of both

GI medications (ie, proton pump inhibitors, H2 antagonists,
and sucralfate) and medications known to increase risk for GI
bleeding (ie, anticoagulants, corticosteroids, bisphosphonates,
COX-2 inhibitors, and other NSAIDs). The GI bleed sample
also had a higher mean CCI score than the AMI sample.
Similarly, a comparison of baseline utilization and costs by
patients in each sample found that the GI bleed sample had
significantly higher values on nearly every measure. Figure 1
reports prematch mortality outcomes.

Following the matching procedure, 6,923 matched pairs
were identified and included in the analytic dataset. The
goal of the matching process was to create two cohorts that
were balanced on observable demographics and clinical
characteristics. After matching, demographic and clinical
characteristics of the GI bleed and AMI cohorts appeared
very similar (Tables 2 and 3). Despite a relatively large
sample size, formal statistical tests showed no evidence of
statistically significant differences between cohorts. Of note,
baseline medication use was not factored into the propensity
score model because many medications were found to be
too strongly correlated with the cohort. Clinically, this is a
reasonable assumption as one would expect differential use
of specific medications between cohorts (eg, use of nitrates
is more than two times greater in the AMI cohort while H2
antagonists are more commonly used among the GI bleed
patients). Emergency room (ER) costs were the only expen-
ditures that differed between the GI bleed and AMI cohorts
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Table 2 Pre-match and post-match: Patient characteristics

Variables Pre-match cohort Post-match cohort
Gl bleed AMI p-value Gl bleed AMI p-value
N = 12,437 N =22,847 N =6,923 N =6,923
Age
Mean age (SD) 53.83 (14.88) 56.51 (11.27) <0.0001 55.41 (12.03) 55.38 (12.00) 0.898I
Age 18-34 1,305 (10.49%) 422 (1.85%) <0.0001 226 (3.26%) 219 (3.16%) 0.7359
Age 35-64 8,475 (68.14%) 17,999 (78.78%) <0.0001 5,429 (78.42%) 5,466 (78.95%) 0.4426
Age 65+ 2,657 (21.36%) 4,426 (19.37%) <0.0001 1,268 (18.32%) 1,238 (17.88%) 0.5078
Gender
Female 5,352 (43.03%) 6,091 (26.66%) <0.0001 2,224 (32.12%) 2,224 (32.12%) 1.0000
Male 7,085 (56.97%) 16,756 (73.34%) <0.0001 4,699 (67.88%) 4,699 (67.88%) 1.0000
Mean Charlson 0.86 (1.47) 0.74 (1.24) <0.0001 0.46 (0.82) 0.46 (0.82) 1.0000

score (SD)

in the health care costs/utilization category after matching
during the six-month period prior to the index date: lower
ER costs were seen in the GI bleed cohort ($102 vs $130;
p = 0.002). Total health care, medical, and pharmacy costs
were all similar during the baseline period (Table 3).

Post-matched outcomes

The overall 30-, 60-, and 90-day mortality rates for the GI cohort
were 2.54%, 3.12%, and 3.42%, respectively. These overall
mortality rates were lower than the corresponding mortality
rates of the matched cohort of AMI patients (4.35%, 4.78%,

Table 3 Pre-match and post-match health care costs and utilization

and 5.06%, respectively), as shown in Figure 2. The majority of
the difference in overall 30-day mortality between GI bleed and
AMI patients (2.54% vs 4.35%) was accounted for by mortality
during the initial hospital stay (1.91% vs 3.58%). The 30-day
mortality excluding those within the initial hospitalization
did not differ between the cohorts (0.64% vs 0.77%). When
mortality during the initial hospitalization was removed from
the 60- and 90-day mortality rates, results between cohorts were
similar. The “adjusted” 60-day mortality rates in the GI bleed
and AMI cohorts were 1.21% and 1.20%, respectively, while
the 90-day rates were 1.52% and 1.47%, respectively.

Variables Pre-match cohort Post-match cohort
Gl bleed AMI p-value Gl bleed AMI p-value
mean (Std) mean (Std) mean (Std) mean (Std)
N = 12,437 N = 22,847 N =6,923 N =6,923
Costs ($)
Total cost 4,018.53 (10,464.16) 2,847.08 (7,210.41) <0.0001 2,116.93 (4,801.37) 2,170.10 (4,381.95) 0.4962
Medical cost 3,146.64 (10,011.78) 2,153.53 (6,879.02) <0.0001 1,501.35 (4,566.19) 1,551.75 (4,145.41) 0.4965
Outpatient cost 2,055.80 (6,462.97) 1,322.27 (4,855.34) <0.0001 907.52 (2,276.14) 916.54 (2,098.91) 0.8084
ER cost 145.57 (531.11) 153.26 (764.16) 0.2683 101.64 (405.05) 130.06 (658.97) 0.0022
Inpatient cost 697.48 (5,891.03) 491.68 (3,585.03) 0.0004 365.21 (3,382.25) 358.57 (2,744.51) 0.8991
RX cost 871.88 (1,514.25) 693.56 (1,255.46) <0.0001 615.58 (1,023.79) 618.34 (1,008.01) 0.8729
Utilization (# of
visits per patient
per year)
Inpatient visits 0.08 (0.330) 0.06 (0.270) <0.0001 0.04 (0.24) 0.04 (0.23) 0.6868
Outpatient visits 3.07 (6.40) 1.96 (4.62) <0.0001 1.55 (2.66) 1.49 (2.63) 0.1608
Office visits 5.75 (7.29) 4.17 (5.90) <0.0001 3.56 (4.00) 3.61 (4.11) 0.4123
ER visits 0.35 (1.03) 0.25 (0.81) <0.0001 0.23 (0.61) 0.22 (0.62) 0.3928
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Figure 2 Post-matched mortality for gastrointestinal (Gl) bleed and acute myocardial infarction (AMI) during and following initial hospitalization.
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Age was also found to be an important variable in patient
mortality in both cohorts of patients. A stratification of
mortality by age found that the mortality rate increased with
every decade of a patient’s age. For the GI bleed population,
30-day mortality for patients under age 35 was 0%—2% and
increased to close to 6% in patients 75 years and older. With
the exception of patients 18-24 years of age, similar trends
were observed for the AMI cohort. Figure 3 shows the 90-day
mortality stratified by age.

A comparison in the rate of change of mortality over
time between the GI bleed and AMI cohorts demonstrated
a faster growth rate in the GI bleed cohort. Mortality due to
GI bleed increased by 35% between day 30 and day 90 post-
index date (absolute value = 0.88%), while the AMI group
saw a 16% mortality increase during the same time period
(absolute value = 0.71%).

A comparison of procedures and rehospitalizations
among the matched cohorts found that AMI patients had
higher rates of rehospitalization (2.56% vs 1.79%; p = 0.002),
while GI bleed patients were more likely to have a procedure
within 30 days following their initial hospitalization admis-
sion (72.38% vs 44.95%; p < 0.001) (Figure 4).

Discussion
The main objective of this analysis was to compare the
short-term clinical outcomes of an upper GI bleeding event
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with those of an AMI. To that end, we identified samples of
individuals with a GI bleeding event or an AMI and matched
them to each other on a number of specific patient charac-
teristics and their propensity scores.

Prior to matching, the GI bleed sample had a higher mean
CCI score than the AMI sample. Similarly, a comparison of
baseline utilization and costs by patients in each sample found
that the GI bleed sample had significantly higher values on
nearly every measure. These results may suggest that patients
in the GI bleed sample had a higher burden of disease than
did those in the AMI sample, which is not what would be
expected. Alternatively, it is possible that the higher propor-
tion of females in the GI bleed sample may have driven this
difference, as females are known to utilize health care at a
greater level than males.?

Patients in the GI bleed and AMI samples were matched
to one another to create two cohorts that were balanced on
observable demographics and baseline characteristics. After
matching, the resultant GI bleed and AMI cohorts each
included 6,923 patients. The cohorts did not differ with regard
to age or gender. However, many differences with regard
to medication use remained because we did not match on
these as the medication used by the patients would not alter
the mortality rate. The matched cohorts were found to have
similar CCI scores and to be similar on nearly all utilization
and cost measures (excepting ER costs). Of note is that the
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Figure 3 90-Day mortality rates for gastrointestinal (Gl) bleed and acute myocardial infarction (AMI) by age (post-match).
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matched cohorts appeared to have lower CCI scores, as well
as lower utilization rates and incurred costs, compared with
the initial GI bleed and AMI samples. It appears, therefore,
that patients in the matched cohorts had lower disease burden
than the underlying GI bleed and AMI patient populations.
It is possible that the magnitude of the study outcomes (eg,
mortality) will be underestimated as a result, although the
comparison of the GI bleed and AMI cohorts should still
be valid.

A comparison of outcomes among the matched cohorts
found that AMI patients had higher rates of mortality and
rehospitalization, while GI bleed patients were more likely
to have a procedure following their initial hospital admis-
sion. A closer examination of the 30-day mortality for the
study cohorts found that the majority of the difference in
overall 30-day mortality between GI bleed and AMI patients

30-day 30-day
procedures* rehospitalization®

Post-match

(2.54% vs 4.35%) was accounted for by mortality during the
initial hospital stay. Once mortality during the initial hospital-
ization was removed from the 60- and 90-day mortality rates,
we found similar results. This may be expected, as the cohorts
were matched on a number of characteristics, including CCI
score, a validated measure for predicting mortality.

We found mortality among hospitalized AMI patients
to be significantly lower than in the published literature.
Rasmussen and colleagues' estimated AMI mortality 30 days
after hospital admission to be 7% for 30- to 64-year-olds
and 15.9% for 65- to 74-year-olds. The current study found
30-day mortality to be 4.85% among unmatched AMI
patients and 4.35% among matched AMI patients. A number
of reasons may help explain the difference in 30-day
mortality. First, the populations differ in that the current study
examines US managed care enrollees, while the Rasmussen
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study uses Denmark’s National Patient Registry containing
administrative data for hospitalizations. A closer look at the
Rasmussen study reveals that among the 30- to 64-year-old
AMI patients, mortality of high- and medium-income level
patients was 5.1% and 6.5%, respectively.'® Presumably, the
current study’s population would be skewed toward an under
65 age group with moderate to high incomes. Although not
conclusive,??* there is considerable evidence that, at least
within the United States, income inequality is associated
with poorer population health.>” More specifically, the
relationship between income inequality and mortality has
also come into question in many studies and many have
concluded that income inequality remained a significant
correlate of mortality, particularly in the United States.? !
An examination of the current study’s mortality by age strata
illustrates that mortality does increase with age, but this
increase may be tempered by the income effect. Furthermore,
the Rasmussen study data are from 1995-2002, whereas the
current study examines AMI patients during the period from
2000-2003. As treatment options have evolved, mortality
may be decreasing, if only slightly.

Mortality rates among hospitalized upper GI bleed patients
also appear lower than estimates found in the literature. Thirty-
day mortality rates for GI bleeding have been reported to be
between 5% and 15% (the lower rates being for patients under
65 years of age).’>¢ The current study found lower 30-day
mortality (3.54% among unmatched patients and 2.54%
among matched patients). Christensen and colleagues®’ esti-
mated 30-day mortality to be 4.3% in an under 65 population,
10.2% in those aged 65-79, and 17.0% in those aged 80+.
However, Christensen examined only 30-day mortality after
peptic ulcer bleeding, whereas the current study uses a much
broader definition of upper GI bleed, encompassing some
patients who may have a lower risk of mortality. An examina-
tion of mortality by age strata reveals that although mortality
increases with age in our study, this increase may be tempered
by the inclusion of other types of GI bleed (besides peptic
ulcer). Yavorski and colleagues'® conducted a retrospective
study that evaluated 3,294 cases of upper GI bleeding in US
military medical facilities. The mean age of the population was
52 years, which was similar to the mean age of the matched
population in our study of 55 years. The overall mortality
rate was 7.0% and also slightly lower than in most previous
studies.!” The mortality rate observed in this and other studies
reporting lower mortality rates may be more reflective of the
average mortality in the community at large."

Mortality also varies depending upon the cause of the
bleeding. Wilcox and colleagues’ prospectively evaluated

796 patients from the gastroenterology consultative service at
a large inner-city hospital over a 50-month period. Although
the overall mortality rate was 8.8%, significant differences
were detected according to the cause of bleeding. The mor-
tality was 2.4% among patients with Mallory—Weiss tear
and 4.3% among those with peptic ulcer bleeding, including
gastric ulcer (4.2%) and duodenal ulcer (4.3%). By contrast,
the mortality associated with portal hypertension-related
bleeding was 32% (esophageal varices, 32%; gastric varices,
50%; portal hypertensive gastropathy, 23%).° Our study
also evaluated patients with upper GI bleeds due to a broad
number of causes, some of which are associated with lower
rates of mortality. When evaluating the cause of the GI bleed
hospitalization in our study, we found that our study popula-
tion had a low number of hospitalizations caused by variceal
bleeding, a condition that is usually associated with a high
mortality rate. In our study, only 4.62% of the hospitalizations
were due to variceal bleeding in the matched cohort. This
further explains the lower mortality rate seen in this study
as compared with some other published studies.

Limitations

While claims data are extremely valuable for the efficient
and effective examination of health care outcomes, treat-
ment patterns, health care resource utilization and costs,
claims data are collected for the purpose of payment and not
research. Therefore, there are certain limitations associated
with the use of claims data. First, presence of a claim for a
filled prescription does not indicate that the medication was
consumed, nor does it indicate that it was taken as prescribed.
Second, medications filled over-the-counter or provided
as samples by the physician will not be observed in the claims
data. Third, presence of a diagnosis code on a medical claim is
not positive proof of the presence of disease, as the diagnosis
may be incorrectly coded or included as a rule-out criterion
rather than representing actual disease.

Conclusion

GI bleeding events result in significant mortality similar to
that of an AMI after adjusting for the initial hospitalization.
In this study, we identified a lower overall mortality among
patients with upper GI bleeding compared to other published
studies. This favorable mortality could be a reflection of the
average mortality in the community at large. It could also be
due to improved techniques of diagnosis and more frequent
use of effective endoscopic therapy in this patient popula-
tion. This research can help physicians weigh the risks of GI
bleeding against the benefits of therapies that may contribute
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to GI bleeds. Future study will need to evaluate the cost

and resource utilization associated with GI bleeding events

leading to mortality.

Acknowledgments
Gergana Zlateva, PhD, works for Pfizer, Inc., which provided

the financial support to sponsor the research for this study.

Drs C Mel Wilcox and Byron Cryer received honorarium

from Pfizer for consulting services on the study and develop-

ment of this manuscript.

References

1.

14.

15.

16.

17.

Hernandez-Diaz S, Rodriguez LA. Incidence of serious upper gastro-
intestinal bleeding/perforation in the general population: review of
epidemiologic studies. J Clin Epidemiol. 2002;55:157-163.

. Stockl K, Cyprien L, Change EY. Gastrointestinal bleeding rates among

managed care patients newly started on Cox-2 inhibitors or nonselective
NSAIDs. J Manag Care Pharm. 2005;1:550-558.

. Longstreth GF. Epidemiology of hospitalization for acute upper gastro-

intestinal hemorrhage: a population-based study. Am J Gastroenterol.
1995;90:206-210.

. Rockall TA, Logan RFA, Devlin HB, et al. Incidence of and mortality

from acute upper gastrointestinal haemorrhage in the United Kingdom.
BMJ. 1995;311:222-226.

. Gilbert DA. Epidemiology of upper gastrointestinal bleeding. Gastrointest

Endosc. 1990;36(suppl):S8—S13.

. Johanson JF. Curbing the costs of GI bleeding. Am J Gastroenterol.

1998;93:1384-1385.

. Rodriguez LAG, Ruigomez A, Hasselgren G, et al. Comparison of

mortality from peptic ulcer bleed between patients with or without
peptic ulcer antecedents. Epidemiology. 1998;9:452-456.

. Lim CH, Heatley RV. Prospective study of acute gastrointestinal bleed-

ing attributable to anti-inflammatory drug ingestion in the Yorkshire
region of the United Kingdom. Postgrad Med J. 2005;81:252-254.

. Wilcox CM, Clark WS. Causes and outcome of upper and lower

gastrointestinal bleeding: the Grady Hospital experience. South Med J.
1999;92:44-50.

. Yavorski RT, Wong RK, Maydonovitch C, et al. Analysis of 3,294

cases of upper gastrointestinal bleeding in military medical facilities.
Am J Gastroenterol. 1995;90:568-573.

. Vreeburg EM, Snel P, de Bruijne JW, et al. Acute upper gastrointestinal

bleeding in the Amsterdam area: incidence, diagnosis, and clinical
outcome. Am J Gastroenterol. 1997;92:236-243.

. Kung HC, Hoyert DL, Xu JQ, Murphy SL. Deaths: Final data for 2005.

National Vital Statistics Reports; 56(10). Hyattsville, MD: National
Center for Health Statistics; 2008.

. American Heart Association. Heart Disease and Stroke Statistics — 2007

Update. Dallas, TX: American Heart Association; 2007.

Bradley BH, Herrin J, Elbel B, et al. Hospital quality for acute myocar-
dial infarction. Correlation among process measures and relationship
with short-term mortality. JAMA. 2006;296:72—-78.

Rasmussen JN, Rasmussen S, Gislason GH, et al. Mortality after acute
myocardial infarction according to income and education. J Epidemiol
Community Health. 2006;60:351-356.

Skinner J, Chandra A, Staiger D, et al. Mortality after acute myocar-
dial infarction in hospitals that disproportionately treat black patients.
Circulation. 2005;112:2634-2641.

Rosenbaum P, Rubin DB. The central role of the propensity score
matching in observational studies for causal effects. Biometrika.
1983;70:41-55.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Dehejia RH, Wahba S. Propensity score-matching methods for
nonexperimental causal studies. The Review of Economics and
Statistics. 2002;84:151-161.

Charlson ME, Pompei P, Ales KL, et al. A new method of classify-
ing prognostic comorbidity in longitudinal studies: development and
validation. J Chron Dis. 1987;40:373-383.

Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index
for use with ICD-9-CM administrative databases. J Clin Epidemiol.
1992;45:613-619.

National Center for Health Statistics. National Death Index User’s
Guide. Hyattsville, MD: US Department of Health and Human Services
and Centers for Disease Control; 2006.

National Center for Health Statistics Health. United States, 2007, With
Chartbook on Trends in the Health of Americans. Hyattsville, MD: US
Department of Health and Human Services and Centers for Disease
Control; 2007.

Cinko JA, Shi L, Starfield B, et al. Income inequality and health:
a critical review of the literature. Med Care Res. 2003;60:407-452.
Lynch J, Harper S, Kaplan GA, et al. Associations between income
inequality and mortality among US states: the importance of time period
and source of income data. Am J Public Health. 2005;95:1424—-1430.
Lynch J, Smith GD, Hillemeier M, et al. Income inequality, the psy-
chosocial environment, and health: comparisons of wealthy countries.
Lancet. 2001;358:194-200.

Kennedy BP, Kawachi I, Glass R, et al. Income distribution, socio-
economic status, and self rated health in the United States: multilevel
analysis. BMJ. 1998;317:917-921.

Blakely TA, Lochner K, Kawachi I. Metropolitan area income inequality
and self-rated health — a multi-level study. Soc Sci Med. 2002;54:65-77.
Kennedy BP, Kawachi I, Prothrow-Stith D. Income distribution and
mortality: cross sectional ecological study of the Robin Hood index in
the United States. BMJ. 1996;312:1004—1007.

Lochner K, Pamuk E, Makuc D, et al. State-level income inequality and
individual mortality risk: a prospective, multilevel study. Am J Public
Health. 2001;91:385-391.

Shi L, Macinko J, Starfield B, et al. The relationship between primary
care, income inequality, and mortality in US States, 1980-1995. J Am
Board Fam Pract. 2003;16:412-422.

Ross NA, Dorling D, Dunn JR, et al. Metropolitan income inequality
and working-age mortality: a cross-sectional analysis using comparable
data from five countries. J Urban Health. 2005;82:101-110.

Gralnek IM, Jensen DM, Kovacs TOG, et al. An economic analysis
of patients with active arterial peptic ulcer hemorrhage treated with
endoscopic heater probe, injection sclerosis, or surgery in a prospective,
randomized trial. Gastrointest Endosc. 1997;46:105-112.

Gralnek IM, Jensen DM, Gornbein J, et al. Clinical and economic
outcomes of individuals with severe peptic ulcer hemorrhage and non-
bleeding visible vessel: an analysis of two prospective clinical trials.
Am J Gastroenterol. 1998;93:2047-2056.

Quirk DM, Barry MJ, Aserkoff B, et al. Physician specialty and varia-
tions in the cost of treating patients with acute upper gastrointestinal
bleeding. Gastroenterology. 1997;113:443-448.

Marshall JK, Collins SM, Gafni A. Prediction of resource utilization
and case cost for acute nonvariceal upper gastrointestinal hemorrhage
at a Canadian community hospital. Am J Gastroenterol. 1999;94:
1841-1846.

Lee JG, Turnipseed S, Romano PS, et al. Endoscopy-based triage
significantly reduces hospitalization rates and costs of treating upper
GI bleeding: a randomized controlled trial. Gastrointest Endosc.
1999;50:755-761.

Christensen S, Riis A, Norgaard M, et al. Short-term mortality after
perforated or bleeding peptic ulcer among elderly patients: a population-
based cohort study. BMC Geriatrics. 2007;7:8.

30

Clinical and Experimental Gastroenterology 2009:2




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


