REVIEWS

Risk for Serious Gastrointestinal Complications Related
to Use of Nonsteroidal Anti-inflammatory Drugs

A Meta-analysis

Sherine B, Gabriel, MD, MSc¢ Liisa Joakkimainen, MS¢; and Claire Bombardier, MD

W Objective: To describe the relative risk for serious
gastrointestinal complications due to nonaspirin non-
steroidal anti-inflammatory drug (NSAID) exposure
among NSAID users as well as in selected subgroups.
N Design: Overview and meta-analysis.

W Data Identification: A literature search ol English-
language studies examining the association between
NSAIDs and adverse gastrointestinal events for the pe-
riod 1975 to 1990 identified using MEDLINE and commu-
nicating with three internationally recognized experts.

B Data Analysis: A qualitative summary of study char-
acteristics and a critical appraisal of study quality were
done. The results of 16 primary studies werg selected
and combined statistically. Summary estimates were
weighted by sample size and quality score.

™ Main Results: The overall odds ratio of the risk for
adverse gastrointestinal events related to NSAID use,
summarized from 16 studies (9 case-control and 7
cohort) was 2.74 (95% CI, 2.54 to 2.97). The summary
odds ratios were as follows: elderly patients, (aged
= BO years), §.52 {Cl, 4.63 to 6.60}; patients under 65
years of age, 1.65 (Cl, 1.08 to 2.53); women, 2.32 (Cl,
1.91 to 2.82); and men, 2.40 (CI, 1.85 to 3.11). The
summary odds ratio for NSAID users receiving concom-
itant corticosteroids compared with NSAID users not
receiving corticosteroids was 1.83 (Cl, 1.20t0 2.78). The
summary odds ratio for the first gastrointestinal event
was 2.39 (Cl, 2.16 to 2.65). The relative risk for a
subsequent or unspecified gastrointestinal event was
4.76 (Ci, 4,05 to 5,59}, The summary odds ratio for less
than 1 month of NSAID exposure was 8.00 (Cl, 6.37 to
10.08); for more than 1 month but less than 3 months of
exposure, the summary odds ratio was 3.31 (Cl, 2.27 to
4.82); and for more than 3 months of exposure, the
summary odds ratio was 1.92 (Cl, 1.19 to 3.13}.

B Conclusions: Users of NSAIDs are at approximately
three times greater relative risk for developing serious
adverse gastrointestinal events than are nonusers, Ad-
ditional risk factors include age grealer than 60 years,
previous history of gastrointestinal events, and con-
comitant corticosteroid use, Another possible risk fac-
tor is the first 3 months of NSAID therapy. The risk for
serious gastrointestinal events appears to be equal
among men and women, These data reprasent sum-
mary statistics from 18 studies and cannot be consid-
ered generalizable to all NSAID users,
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Nmtslcmidal anti-infammatory drugs (NSAIDs) are
the most widely used agents for the teeatment of mus-
culosketetal and arthritic syndromes (F. Use of these
agents has been increasingly associuted with gastroin-
testingl toxieity, including mild dyspepsia, as well as
more serious gastrointestinal reactions such as bleeding,
perforation, and other events feading 1o hospitalization
or death, Although researchers agree that an increased
Fisk for gastrointesting] toxicity exists with NSAID use,
the size of the reported risk has varied markediv, and
there is little agreement on the definition of “high risk”
groups (2-19),

We reviewed the Tigerature on NSAID-related adverse
gastrointestinal events. First, we summirized  study
characteristics aml appraised study guatity. We then didd
4 meta-analysis of all controlled trials that examined
the risks for serious gastrointestinal  ¢vents among
NSAID users. Our primary ahjective was to estimule a
summary odds ratie or relative risk for serious gastro-
intestinal complications due to nonaspirin NSALD expo-
SHEC,

Methods

A comprehensive search of the English-language fiterature
From 1975 1o 199 was conducted using MEDUINE and scarch-
ing the following ferms? anti-inflarmmutory agents, non-sterot
dal: gastropathy, toxicity, sdverse sffects, or side effects: pep-
tic wleer or dyspepsiag gasiric grosion, gastritis, LASLEIC ¥
gastric mucosa, emfoscopy; and human, We also searched fos
spectfie NSAIDs by name.

Five hundred twenty-sin references were obtained, These
were reviewed by one of the authors, and any citation that
mentioned NSATD-relied gastrointestina] ovents was sel ted
iFigure 1), One hundred forty-lwo articles met this erilerion
and were enfered inta Referenve Manages'” Q01 Five addic
dional articles were identified by communication with theee
jnvestigators (Marie Gritfin, MDY Michae! Langman. MD: and
Richard Hant, MDD from the United States. United Kingdon,
and Canada. respectively, These § articles were added 1o the
datir set, for o towl of 147 articles,

From the 147 articies in the datn set, #0 studies were se-
fected that examined the association between NSAIDs and
adverse gostrointestinal events, Specific inclusion and exelu-
sion oriteria were applied to these studies independently by
two of the anthors. Al studies that contained o comparsson
group and provided an estimate of risk for serious gastroinies-
tinal complications «welingd s bleeding, perforation, or other
adverse gastrointestinal events resulting in hespitatization or
deatht in NSAID users compared with nonusers, regardless of
anderiying disease, were mcluded i the mel-analysis. A
study was excluded i its primary objeclive was 10 assesy
effectiveness, if 1 involved the treatment of children (usder 18
vears of agel, i i1 deseribed fower than ten patients, if the only
NSAD studied was salicylate, or if the outcone examined wiss
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Figure Lo Scection of studiex and reviews,

the wentification of ulcer rather than the presence of serious
gastrointestingl complications l):s.xbrecnmms between the two
reviewers were resolved by consensus. Sixteen studies were
sefected 121363 for meta-analysis {yee Figure {1

Mecta-analysis

The following critenia were used (o evaluate the quality of
the studics. included in the mete-analysis: blindiog, definition of
outcome, case selection, contro selection, matching technique,
definition of exposure, and contral for confounders (Appendix
A), The Methods section of each study was photocopied. with
care taken to exclude any mention of the authors’ names,
study results, or journal titke, Study quality was evalugted in s
blinded fashion by two ol the investigators. Quality scores
were assigned (o cach criterion sccording to its relalive impor-
tance. A quality wore of U indicated poor definitions and no
attempt 10 avoid biss, and a score of 46 indicated the con-
verse, The sverage score thelween the two readerst among the
first six categories constituted the baseline score for the study.
For every S confounders identified i a primary study. | bonus
point was awarded, to @ maximum of 5 poiats for studics that
ientified more than 28 confounders. Thus, the muximum qual
ity score attainable was S}, Agreement between the two read.
ers yegarding the quality score was evaluated using the kappi
statistic (37).

Data from all articles were abstracted in duplicate (o avoid
The twa observers met, discussed gach item, and resolved
all dissgreements and errors. A final copy of the completed dota
collection forms was then created and entered into i database
{ORACLE, Onucle Corporalion, Belmont, Californial (38).

The results of the 16 primary studies were combined statise
tically using two different techniques. First, overall point esti-
mates of the odds ratios and 95% confidence intereals (Ol
were calcutated from the raw dute of the 16 selected stud
using the Mantel-Haenszel statistic (39). The second techmque
involved combining the published odds ratioy and Cls dicectly
across sludies to produce an averall estimate of the oddys ratio
amd 959 CF 0. The Intter will hereafter be referred to as the
direet” method, The direct method was the primary statistis
cal analysis technique used, and ) results were calculated
using this method unless otherwise stated,

The purpose of this analysis wis not 1o estimate 4 commaon
parmmeter, bug rather 10 compute an average Or summary st
tistic across the 16 selected studies. The CF for this satistie
cannot, therefore, be generalized beyond the study samples,
All summary estimates were weighted by sample size, The
influenge of the guality scores on the summary estimaies was
evaluated using logistic-regression analysis with quality score
as & covariate.

Overall odds ratios for all studies included in the meta.
analysis as well as odds ratios for various subgroups swere
cafouinted, The oversll odds ratios referred to the odds ratios

combined from the main rescarch questions of each of the
studies. Summary odds ratios for various subgroups were cal-
culated from those studies which provided data on these sub-
groups, The method of Breslow and Day was used to test for
homogeneity of the Mantel-Haenszel estimates (41, Tests of
homogeneily were alse performed for the direct method we-
cording 1o the methed of Greenland (40,

Results

We sclected 16 studies (9 case-control and 7 cohort)
that specifically examined the risks for clinically de-
fined, NSAiD-related, adverse gastrointestinal events
(21-36). The reported relative risks varied from 1.0 (34)
tindicating a0 increased risk for gastrointestinal events)
1o 137 (29 (indicating a risk for NSAID uscrs 13.7
times greater than that for nonusers), Two potential
sources of variability were identified: differences in
study characteristics and differences in study quality.

Study Characteristics

Study characteristics are shown in Appendix B, For
both the case-control and cohort studies, serious gas-
trointestinal events were defined among hospital-based
cases. Among the cuse-control studies, the ascertain-
ment of gastrointestinal outcome was not done in a
uniform manner. Gastrointestinal events were assessed
based on the results of endoscopy, roentgenography, or
surgery (27-29. 33, 381 or on a clinical diagnosis of
hematemesis or melena {26, 30-32). Some case-control
studies used community controls (3, 33, 35) others
compared cases wilth hospital controfs (28-36, 32} or
used both types of controls (26, 27, Most studies
matched controls directly with cases (26.28, 30, 31, 33).
Two case-control studics used a nested case-control

Table 1. Study Quality Scores

Study Baseline Bonus Taotad
ireferencel . {range, {range, {range,
646y -8t G-51)
Griffins et ab (30 285 4,00 9.5
Levy el al (32 24.5 5.00 9.5
Malntosh et-al. {35 2.8 .00 275
Somerville et al, {26] S 4,040 26.5
Bartle et al. (27) i 3,00 6.0
Henry et al, (M) 2,00 1S
Jick e ab (313 Loa 210
Carson ¢f al, (243 5.0 20.3
Guess et al, (232 kXL t9.0
Bloom (224 4,00 18.5
Beurd et ul. 208 4.0 18.5
Beardon et al, (210% 2,00 13.5
Armstrong and Blower (29 0,60 14,8
Collier and Pain (281 .00 14,5
ick et al, 3438 1(} (\ 20 2.0
Alexander et al, (36) 9.50 .00 10.5

* Paseling scores were assigned based on an cvaluation of the fol-
fowing design items: explicit definitions of exposure, ostcome, case and
controd status i well as the use of Blinding and maiching.

+ Bonus peints' were assigned based on the number of confounders.
which were .u,counu.d for in the analysis. See text for method of
Bomis-poing assignment

§ Cobort studies,
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Figure I, lndividual  study  and
Relerence No,

Individual Study Odds Ratios

summary odds ratios.  Individual
study odds ratios are arranged in 32 »> v
order of increasing sample  size 35 . t
tlop to battom. tndividual study 25 - *
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vided in original stadies (29, 33, A e i 3
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rect’’ technigoe [40]; sumbers in 24 o+
parentheses are the number of 21 -t
studies combined.j - 2 -
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design (31, 1) Determinations of NSAID exposure
were made by an unblinded review of clinical notes
(28-301, # structured questionnaire with interviewers
who were blinded (26, 27, 32,
prescription data from pharmacy computer files (31, 333
In all cohort studies, the assessment of NSAID expo-
sure was based on prescription files, Estinutes of the
duration of NSAID exposure varied from 30 days 24,
281 to 90 days (22, 23, 31, 341 One cohort study (25)
examined deaths from gastrointestinal causes, whercas
the remainder looked st hospitalizations caused by gas-
trointestinal complications. Sumples examined in the
cotort studies included the Group Health Cooperative
in Puget Sound: the Pennsylvania Medicaid group: the
residents of Saskatchewan, Cmmda. and the residents
of the Tayside Region, Scotland. The Puger Sound
Group Health Cooperative represents a younger, ¢m-
ployed population, the Medicaid group is elderly, and
the Tayside and Saskatchewan groups represent resis
dents of geographically diverse districts.

Study Quality

Table 1 shows the study quality scores. Methodologic
assessiment of the 16 studies showed acceptable agree-
ment between two observers for the six study quality
categories evaluated (mean kappa, 0,70, minimum, 0.56,
maximum, 0,83}, The mean kappa for the quality care
gory of blinding was 0.67 (minimum, 0.0, maximum,
1.0} for case selection, (.75 {minimum, 0.66; maximum,
0.90): for control selection, (0,68 {mimimum, 0.4, maxi-

383, or an cxtrucn‘on of

mum, 1,00 for definition of exposure. (.74 {minimum,
0.59; maximum, 096} for matching technigue, 0.8
(minimum, 0.66; maximum, 103 and for definition of
outcome, (.56 (minimum, 0.0¢ maximum, [0}, Dis-
agreements regarding control of conf founders were re-
examined and resolved by consensus. The six studies
with the highest quality scores were gase- -control stud-
ies (Table 11, These studies gave more explicit defini-
tions of cases, controls, and exposure and used blinding
more frequently. The study quality score was not found
to be a significant covariate in the regression model
P = 020

Surivmary Odds Ratios

Published odds ratios and summary odds ratios from
the primary studies are shown in Figure T, The overall
odds ratio of the risk for adverse gastrointestinal events
refated o NSAID use {(summarized from 16 casc-con-
trol and cohort studies) is 2.74 (€1, 2.54 0 2.97). The
summary odds ratio {combined from 8 studies) for el
derly persons is 5.5 (ClL 4.63 to 6.60). In the cohort
studies, the term “elderly’” refers to persons 63 years of
age or oder. [n the case-control studies, velderly™ re-
fers (o persons 60 years of age or older. The summary
odds ratio for nonelderly persons, combined from 1
studies, is .65 (CI, 1.08, 2.33). These data show a
greater than threefold increase in relative risk for seri-
ous gastrointestinal eveats among clderly NSAID users
when compared with nonelderly users.

Odds ratios were subdivided by gastrointestinal out-
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* "Pable 2. Comparison of Summary Odds Ratios and Confidence Intervals Obtained by Two Methods

Category Number of Studies Summary Odds Ratio 95% Ct
Combined

Overall (24716t 2.86*/2.74% 26210 3.12%; 2.54 1o 2.97¢
Patient 2= 60 years of age 68 6.24/5.52 5.21 10 T.48 4,63 10 6.60
Paticnt = 60 years of age 23 3.07/1.68 1.62 t¢ 5.82; 1.08 t0 2,53
Gastrointestinal bleeding 9 27009 220t0 324 21110 270
Gastrointestinal surgery 3 L4778 53410 9.29;: 5.83 w0 101
Gastrointestinal cause of death 34 423479 12410 5.50; 364 0 6 22
Unspegified adverse gastrointestinal event 21 2,681,779 24210 298 1.70 1o 1.0

* Mantel.Haenxszel techaigue for case-control studiey only,
1 Direet techaigue method of Greenbind (reference #3

come. The odds ratio for gastrointestinal bleeding, com-
bined from nine studies, was 2.39 (ClI, 2.11 o 2.70).
The odds ratio for gastrointestinal surgery, combined
from three studies, was 7,75 (CI, 5.83 to 10.31). The
summary odds ratio for gastrointestinal death, com-
bined from four studies, was 4.79 (Cl, 3.64 10 6.22).
Thus, the relative risk for surgical or fatal outcomes
among NSAID users is 2- or 3-fold higher than the
refative risk for gastrointestinal bleeding.

The summary odds ratio for women was 2.32 (CL
1.91 to 2.82), whereas the summary odds ratio for men
was 2.40 (CI, 1.85 to 3,113 The summary odds ratio for
women compared with men was 1,15 (CI, 0.89 to 1.50),
These data do not support gender as an independent
risk factor, The rsk for first compared with subsequent
gastrointestinal event was also examined. The summary
odds ratio for the first gastrointestinal event, combined
from six studies, was 2,39 (Cl, 2.16 to 2.65). The rela-
tive risk for subsequent or unspecified gastrointestinal
event, combined from the remaining 10 studies, was
4.76 (C1, 4.05 to 5.59). These data suggest that patients
with & history of gastrointestinal events may have an
increased relative risk for further events. The use of
concomitant corticosteroids was also examined. The
summary odds ratio for NSAID users receiving con-
comitant corticosteroids compared with NSAID users
not receiving corticosteroids was 1,83 (CL, 1.20 10 2.78).
This. finding suggests an approximately twofold increase
in the refative risk among NSAID users who are recelve
ing corticosteroids compared with NSAID users not
receiving corticosteroids.

Summary odds ratios were also oblained using the
Mantel-Haenszel statistic. A comparison of the results
obtained by the two statistical techniques showed that
the direct method enabled the use of data from more
studies, resulting in narrower Cls. Summary odds ratios
by both methods were similar in most categories (Table
2. .

Summary odds ratios caleulated according to ndivid-
ual NSAID used and duration of NSAID exposure were
as follows: piroxicam, 11.12 (CI, 6:19 10 20.23); indo-
methacin, 4,69 (CL. 297 to 7.41): aspirin, 3.38 (C1, 2.26
to- 5.00); naproxen, 2.84 (CI, 1.68 to 4.82): and ibu-
profen, 2.27 (CI, 1.85 to 2.80). There is substantial
overlap in the CIs among NSAIDs. The duration of
NSAID consumption may be related to the size of the
odds ratio (Figure 3} The summary odds ratio for less
than | month of NSAID exposure was .00 (Cl, 6.37 to
10.06): for longer than | month but less than 3 months,
331 {CL, 2.27 to 4.82y and . for longer than 3 months,

192 (CL 119 to 313, The highest odds ratios were
obtained from studies in which the duration of NSAID
consumption was less than | month.

Data were also subdivided by gastrointestinal ¢vent
and age (Table 3). The relative visk for gastrointestinal
surgery for nonelderly individuals, combined from three
studies, was 0.44 (CI, 0.29 to 0,66}, whereas the risk for
gastrointestinal surgery among ¢lderly persons, con-
bined from three studies, was 10,42 (Cl, 7.40 to 14.66).
These data suggest a tenfold increase in relative risk for
gastrointestinal surgery among elderly users when com-
pared with younger users,

Estimates of the prevalence of serious gastrointestinal
events among NSAID users were summarized from four
cohort studies (7. 23, 25, Mh The summary, b-year
prevalence among NSAID users was | per 1000; the
prevalence among clderly users (2 63 years of age) was
3.2 per 1000; and the prevalence among younger users
(== 65 years of age) was 0.39 per 1000,

Sotirees of Heterogeneity

Tests for homogeneity were statistically significant
(P < 0.05) for all analyses, indicating that the differ-
Summary Odus Ratios, Rigk Factors
b= Orpceall {15}
sl 2 650, ¥ (8]
e R
s WerTIEN {3
—s et £3)
e Ft G ot (6)

sl 1R N0 OF Lirrspascifion Gl eveod (10}

+ (o COr: i ()

Duration of NSAID Consumption

g 5% 108 2
et §, 4 NS ()

1 REU (] e s

L i ! i 1 3
1.0 2 4 é 8 10
Odds Ratio, Girpct Mathod

Figure 3. Summary odds ratios and risk factors, (¢, Summary
odds ration the 95% confidence intervals are indicated by the
extended line: numbers in parentheses are the number of stud-
ics combined.)
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ences among the results of individual studies are greater
than can be expected on the basis of chance alone.
We did two different types of analyses to identify
sources of heterogeneity, Heterogeneity across studics
is composed of intrastudy heterogeneity and inter-study
heterogenceity. In an effort (o describe intra-study het-
erogeneity, tests of homogeneity were condugcted for
several subgroups across studies. These subgroups were
subdivided according 1o gastrointestinal outcome, age,
age and gastrointestinal outcome, and use of individual
NSAIDs. Each of these subgroups accounted for a por-
tion of the variubility, thus reducing the test statistic for
homogeneity. There was, however, no subgroup identi-
fied that accounted for most of the observed heteroge-
neity, In an effort to describe interstudy heterogeneity,
we did a multivariate regression analysis using the log
of the study odds ratio as the dependent variable and
stuedy design, duration of NSAID use, gastrointestinal
outcome, and average age as the independent variables,
The regression was weighted using the individual study
variances. The four independent variables accounted for
approximately half of the interstudy variability

Discussion

Twa tesearch designs bave been used to study the
risk for gastrointesiinal events rzlated 1o NSAID ther-
apy, retrospective - cohort and  case-control - studies,
Most of the cohort studies used secondary analysis of
health insurance registries in which data were collected
primarily for billing purposes. The computerized case
definition for gastrointestinal events is subject 1o sub-
stantial misclassification (42.44), Misclassification rides
of up to 19% were noted in studies using retrospective
chart review o confirm computerized diagnoses (23, 31,
34, resulting in comtamination of the case group by
controls and of the coatrol group by cases and thus
reducing the relative-tisk estimate. Simitarly, the infor-
mation on NSAID exposure obtained from these regis-
trics may not have been of optimal guality. The dura-
ticn of NSAID exposure is often unknown and
assumptions are made from prescription registries re-
garding-the average duration of NSAID use. Some stud-
ies estimated an average preseription duration of 90
days with full prtient compliance (23, 31, 34). Such an
assumption may overcstimate the duration of NSAID
expostre, biasing the results toward a falsely low rela-
tive tisk, The frequency of NSALD use in a study sam-
ple determines the power of that study to detect a
statistically significant refative risk (43). Nonsteroidal
anti-inflammatory drug use among paticnts with prepaid
health plans may be lower than that of the general
population, further underestimating the relative rnisk,
These factors contribute fo the lower relative risks re-
ported by the cohort studies when compared with the
ase-controt studies.

I two-case-control studies, different technigues were
used w0 determine NSAID exposure among case pa-
tients and controls (28, 29). Physicians hospitalizing pa-
tients with gastroiniestinal bleeding are more bikely 1o
inquire about NSAID use than are physicians question-
ing controls or their relatives, Such differences in the

determination of NSAID exposure bias the results
wowiard a falsely large refative risk. The use of a strue-
tured interview administered by an investigator who is
blinded to the stalus {case patiemt or control) of the
patient results in more valid estimates of relative risk

(7. 261 Welb-designed, nested, case-control studics

minimize the selection hias, inherent in hospital-based
case-control studies {33y,

Although there have been many studies examining
the gastrointestinal risks of NSAID use, important
methodologic Himitations and differences in study char-
acteristics contribute to the conflicting results. Retro-
spective cohart studies probably underestimate the rel-
ative risk, whereas some casc-control studies probably
overestimate it. The aggregation of the results from
observational studies is controversial (46). The stron-

gest studies are those that defined cases, controls, out-

come, and exposure accurately and reproducibly (26,
27, 32, 33, 3% as reflected by the quality-assessment
scores in this mela-analysis (Table 1)

We conducted @ structured overview of all previous
reviews  of NSAID-related adverse  gastrointestinal
events, The quality of the 10 reviews selected (3, 6-12,
18, 191 was assessed according to several criteria: the
comprehensiveness of the literature search, the minimi-
sation of bias in the sclection of primary studies, the
assessment of the quality of the primary studies, the
apprapriateness of the techniques used in data synthe-
sis, and the validity of the conclusions made by the
authors as supported by the data, Most of the published
reviews on this topic cite only a portion of the available
literature, do not provide @ critical assessment of the
quality of the studies cited, and fail to combine the
results of these studies. statistically. Qnly { of the [0
reviews used a clearly defined, comprehensive search
strategy (6). Inclusion criterin were stated for 2 of the
10 reviews {6, 81 A quality assessment of the studies
was done in only 1 review (6). Appropriate, explicily
stated methods of data synthesis were given in only 2
reviews (6, 19),

Table 3. Subgroup Odds Ratios Combined from Cas¢
Contrel and Cohort Studics Using the “*Direct” Method*

Variable Number  Summary 95%
of Studies Odds Cl
Combined Ratio
Gastrointestinal event by
age®
< 6y years
Gastrointestinal
bleeding 1 03 060t 176

Gastrointestinal

3 .44 0.29 10 (1,66
ified gastro-
intestinal adverse
event 3 178 1.69 to 187
Gastrointestinal
bleeding 9 28 21010 269
Crastraintestinal
surgery i} 10,42 7.40 to 14,66
CGastrointestinal
cause of death 4 4,44 3350 579

= Gastrointostinal events sevorning is hospitalized patients,
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