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Abstract

Background: Oral bisphosphonates are commonly used to prevent / treat osteoporosis. However, bisphosphonate
treatment is not without risk and serious adverse effects, including upper gastrointestinal bleeding (UGIB) have
been described. We sought to determine if new users of bisphosphonate drugs were more likely to suffer a serious
UGIB within 120 days of drug initiation.

Methods: This was a population-based nested cohort study utilizing administrative healthcare data in British
Columbia, Canada. Community based individuals ≥ 65 years with a new prescription for a bisphosphonate between
1991 and 2007 were included. A multivariate logistic regression model was used to examine the relationship
between older age and the development of a serious UGIB within 120 days of new exposure to oral
bisphosphonate drugs.

Results: Within the exposure cohort (n = 26,223), 117 individuals had suffered a serious UGIB within 120 days of
incident bisphosphonate use. Cases tended to be > 80 years old, and were significantly more likely to have had a past
history of gastric ulcer disease, a remote history of serious UGIB, and had been dispensed proton pump inhibitor (PPI)
medications (p < 0.001 for all comparisons). After adjustment for confounding covariates, those > 80 years were more
than twice as likely to suffer a UGIB when compared to those ≤ 80 years (adjusted OR = 2.03; 95% CI 1.40–2.94). A past
history of serious UGIB was the strongest predictor of UGIB within 120 days of incident bisphosphonate use
(adjusted OR = 2.28; 95% CI = 1.29–4.03) followed by PPI use (adjusted OR = 2.04; 95% CI = 1.35–3.07). Males were 70%
more likely to suffer an UGIB compared to females (adjusted OR = 1.69; 95% CI = 1.05–2.72).

Conclusions: Upper GIB is a rare, but serious, side effect of bisphosphonate therapy more often afflicting older
individuals. At the same time, concern about potential rare adverse events should not discourage clinicians from
prescribing bisphosphonate drugs, particularly in older patients who have already sustained a fragility fracture. Clinicians
must remain cognizant of potential adverse events associated with bisphosphonate use and should routinely ask about
pre-existing GI disorders and concurrent medication history prior to prescribing these drugs.
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Background
The routine management of osteoporosis should target
all aspects of the disease, including maximizing and
preserving bone mass and preventing future fractures
through pharmacotherapy and lifestyle modification
[1]. The mainstay of osteoporosis treatment includes
calcium and vitamin D, along with an antiresorptive
agent (usually a bisphosphonate drug) [1,2]. In addition to
osteoporosis treatment, bisphosphonate drugs are also
used for less common conditions such as Paget’s disease
of the bone and malignancy related bone pain and bone
loss [3]. Bisphosphonates have been shown to rapidly
reduce bone-remodeling, thus increasing bone mass
density, and are associated with the largest reduction
in fracture risk when compared to other therapies [4].
However, bisphosphonate treatment is not without risk

and serious adverse drug reactions (ADRs), including
osteonecrosis of the jaw [5], oral and gastric carcinomas
[6-8], atypical femur fractures [9,10], and upper gastro-
intestinal bleeding (UGIB), although infrequent, have
been described but remain controversial [11-15]. Drug
induced dysphagia, esophagitis, and gastric ulcers are the
most common of the gastrointestinal (GI) ADRs associated
with oral bisphosphonate therapy. Upper GI effects are
largely linked to improper drug administration regimes
(i.e. insufficient water intake and failing to sit upright
following medication ingestion) [15] and the local effects of
bisphosphonates on the esophagus or gastric mucosa. In
fact, ADRs, defined as any injury resulting from medication
use that occurs due to pharmacologic properties of the
drug [16], are thought to be the reason for bisphosphonate
discontinuation in up to 20% of subjects [17].
Although several observational studies have reported

on minor GI adverse effects such as nausea, dyspepsia,
and epigastric pain, few large population based studies have
assessed the more serious adverse events of drug-induced
acute UGIB. One large population based case–control
study utilized a Canadian population to compare the
risk of UGIB between users of bisphosphonates alone
and users of bisphosphonates and NSAIDS concurrently
[18]. This study by Etminan et al. utilized a previously
established community-based cohort of individuals who
had undergone a prior coronary revascularization pro-
cedure; of note, this population was highly selected,
and therefore may not necessarily be representative of
the general population. They found no evidence of an
increase in the risk of UGIB among current users of
bisphosphonate, but did find a two fold increase in risk
for concurrent users of bisphosphonates and NSAIDs.
Another population based study investigated the excess risk
of hospitalizations for UGIB associated with alendronate
use. These authors conducted a matched case control
study and found a higher unadjusted rate of UGIB for
bisphosphonate users; after controlling for confounding
variables such as prior osteoporosis fractures, they
found no significant differences in risk between cases
and controls [19].
A different study, based on a Danish population, in-

vestigated the risk of esophageal and gastric events in a
group of older adults [20]. For their endpoint, these
authors did not distinguish between those developing
minor GI conditions such as esophagitis with those
suffering the more serious event of a UGIB. They mea-
sured the rates of adverse GI events both before and
after the initiation of various osteoporosis medications.
The authors found no difference as they discovered
that GI event rates were increased both before and
after initiation of the drugs. Other studies have focused
primarily on either daily versus weekly bisphosphonate
dosing (finding fewer GI events with weekly dosing) or
have compared the GI tolerability of two separate
bisphosphonate medications. For example, one such study
by Cadarette et al. compared the GI safety between weekly
doses alendronate and risedronate. These authors
found no important differences between the two weekly
preparations [21].

Objectives
Definitive evidence of a causal relationship between
bisphosphonate therapy and serious ADRs, particularly
UGIBs is lacking. Furthermore, there remain concerns
about the risks of long term treatment particularly
among older patients with increased co-morbidity. For
that reason, we sought to examine the risk of serious
UGIB among incident oral bisphosphonate users in British
Columbia (BC), Canada. Specifically, we sought to deter-
mine if community dwelling older adults (> 80 years), who
were new users of bisphosphonate drugs (incident users),
were more likely to suffer a serious UGIB within 120 days
of drug initiation in comparison to younger (≤ 80 years)
incident users of the same therapy.

Methods
Study design and data source
We performed a population-based retrospective nested
cohort analysis utilizing de-identified administrative
healthcare data derived from the British Columbia
Linked Health Database (BCLHD). This database
contained comprehensive healthcare utilization data
for nearly all residents of BC, Canada (population 4.1
million, 2006 Statistics Canada census data). The BCLHD,
which integrates health service records, population health
data, and census statistics, makes it possible to link
administrative records anonymously at the individual level
by using a unique personal health number (PHN). The
BCLHD has been used in numerous healthcare and health
services research projects since 1996; thus, this database is
well suited to explore clinical questions. Prior to accessing
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data, ethics approval was received from the Health
Research Ethics Board at the University of Alberta.

Identification of the study sample
We used a previously assembled cohort of all persons
aged ≥ 65 years who had suffered a fracture between
April 1, 1991 and March 31, 2002 (n = 81,870). Within
the fracture group, 63% had sustained a hip fracture,
17% an arm / wrist fracture, 9% a pelvic fracture, 7% a
vertebral fracture, and 4% had sustained a rib fracture.
In addition, a comparison group consisting of a random
sample (n = 142,077) of non-fracture subjects registered
in the BCLHD over the same time period were added to
the cohort for a total source cohort of 223,947 individual
patients. Follow-up of this population continued an
additional 5 years until March 31, 2007. As we focused
only on those prescribed bisphosphonates, the fracture
cohort was not separated from the comparison group
nor was it delineated in the analysis. The study group all
had continuous enrolment in the PharmaCare prescription
benefits plan (Fair PharmaCare or Plan B) during the study
index period. PharmaCare is BC’s public drug insurance
program that assists residents in paying for eligible
prescription drugs and certain medical supplies [22].
The PharmaCare dataset includes patient level prescription
drug expenditures for community dwelling individuals and
residents of licensed residential care facilities. Between 1991
and 2007 the population aged ≥ 65 years in the province
grew from approximately 428,088 to 616,804 [23].
From this initial cohort, we constructed a bisphosphonate

“exposure” cohort using PharmaCare data to identify all
incident users of bisphosphonate drugs; incident users were
defined as patients ≥ 65 years who had been dispensed an
oral bisphosphonate drug during the study index
period (n = 26,518 [11.8%]). As we were primarily
interested in ADRs associated with new users of the
drug, we excluded any person who had received an oral
bisphosphonate within the previous 365 days of the
index date (i.e. bisphosphonate wash-out period). Oral
bisphosphonate drugs available during the index period and
covered by the PharmaCare plan included alendronate
(Fosamax), etidronate (Didrocal), and risedronate (Actonel).
Although there are currently other manufacturers and
brand names for alendronate (the patent on aledronate
expired in 2008), Fosamax was the only formulation
available during the study index period as the only
manufacturers were the patent holders.
The index date was defined as the date of first claim

for an oral bisphosphonate prescription during the index
period. Gastrointestinal symptoms appear in similar
rates, regardless of the specific oral bisphosphonate or
dosing regimen; therefore, we included all available
bisphosphonate formulations regardless of whether the
dosing was daily or weekly [21,24].
Identification of cases
To identify nested cases (those sustaining an UGIB
within 120 days of incident bisphosphonate use) within
the bisphosphonate exposure cohort, we then linked to the
Discharge Abstract Database (DAD) to identify patients
with a diagnosis of UGIB. The DAD contains demographic,
administrative, and clinical data for hospital discharges
(inpatient acute, chronic, and rehabilitation) and day
surgeries [25]. The data are collected per patient
admission and contain up to 16 diagnosis codes. We
included patients ≥ 65 years with a hospital admission
(primary, secondary, or other) for an acute UGIB occurring
within 120 days from the dispensation of an oral
bisphosphonate prescription (n = 412). We defined a
serious UGIB as those patients who had been admitted
to hospital with an acute and / or unspecified hemorrhage
and / or perforation of either a gastric, duodenal, peptic,
or gastrojejunal ulcer or an unspecified hemorrhage of the
gastrointestinal tract (See Additional file 1 for the specific
ICD-9 codes used). Rates of GI related adverse events tend
to be the highest in the first few months following the ini-
tiation of the therapy; thus, a 120 day time period was
deemed sufficient to capture the majority of adverse
events [26-29]. Oral bisphosphonates are dispensed in
100-day quantities under the PharmaCare plan; therefore,
patients will be considered at risk for 120 days after a
dispensed prescription. This time period allows for the
consumption of the prescription, subsequent early
refills (i.e. not beginning the prescription immediately
upon filling because the previous prescription of a medica-
tion other than a bisphosphonate was not complete), and
possible non-adherence (i.e. prescription lasting longer
than intended). Other researchers have used this approach
to analyze rare events associated with prescription drug
use with administrative data [21,30].
To identify additional cases of UGIB related deaths

(without hospitalization), we then linked to the BC Vital
Statistics death events registry (for cause of death). This
registry includes all deaths that occur within the province
[31]. Patients with a previous diagnosis of UGIB, requiring
hospitalization or related death, within 365 days prior
to the index date of drug dispensation were excluded
(n = 295) leaving 26,223 individual patients in the
exposure cohort of which 117 had sustained an UGIB.
As this was a prevalent controls design, those who had
been dispensed oral bisphosphonate therapy, but did
not suffer a UGIB or related death by the end of the study
period, acted as the internal control group (n = 26,106).
See Figure 1 for sample selection procedures.

Outcome measures and analysis
All analyses were stratified by UGIB status and age and
descriptive statistics were used to summarize the charac-
teristics of the population. We planned to firstly explore



Bisphosphonate “Exposure” Cohort
Those ≥ 65 years of age newly dispensed an 
oral bisphosphonate during the study index 

period – excluded those who were dispensed 
the drug within the previous 365 days

(n = 26,518)

UGIB = upper gastrointestinal bleed

Identify nested cases within the 
bisphosphonate cohort – those with a 

diagnosis of UGIB and UGIB related 
death within 120 days of drug index date

(n = 412)

Exclude – patients with 
previous diagnosis of UGIB 

within 365 days prior to 
index date of drug

(n = 295)

Outcome “case” group:
UGIB or UGIB related 

death
(n = 117)

Internal control group: 
No UGIB or UGIB 

related death 
(n = 26,106)

Initial Cohort
Those ≥ 65 years with a fracture between 

April 1, 1991 and March 31, 2002 (n = 81,870) and a 
random sample (n = 142,077) of non-fracture subjects 
registered in the BCLHD over the same time period 

(n = 223,947)

Figure 1 Identification of the study sample. UGIB = upper gastrointestinal bleed.
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relationships between the dependent variable (UGIB within
120 days of incident oral bisphosphonate use), age group
(the main independent variable), and the covariates of sex,
co-morbidity, any past history of gastric ulcer disease,
past history of serious UGIB requiring hospitalization,
and concurrent use of prescription nonsteroidal anti-
inflammatory drugs (NSAIDs), antiplatelet / anticoagulation
medications, and the use of proton pump inhibitors (PPIs)
using Pearson’s chi square (χ2) statistics, with alpha (p) set
at 0.05 to determine the statistically significant differences
between groups. Where there were unexpected findings,
we planned to conduct a post hoc analysis to further
explore the relationships between variables. As this
was a population-based study, a sample size calculation
was not warranted.
To compare the incidence rates (IR) for UGIB between

age groups we calculated the person-time of exposure
based on the assumption that the exposure cohort were all
at risk (exposed) for 120 days post incident bisphosphonate
use. To compare the relative risk (RR) for UGIB among
incident bisphosphonate users (in the immediate 120 day
time period) with the general population, we used a popula-
tion rate for UGIB as 1 per 1,000 person-years [32,33].
Using univariate logistic regression techniques, we

initially assessed the unadjusted odds ratios (OR) and 95%
confidence intervals (CI) between the dependent variable
(UGIB within 120 days of incident oral bisphosphonate
use), age group (the main independent variable), and all co-
variates. Using the techniques described by Hosmer and
Lemeshow, we planned to include only those variables that
were statistically significant (p < 0.20) in the multivariate
analysis [34]. The co-morbidity (p = 0.57 to 0.49) and
anticoagulation (p = 0.85) variables were not statistically
significant; however, we considered both of these variables
to be clinically important so we included them in the initial
multivariate model (both were later removed from the
model as they continued to show no statistical significance).
See Table 1 for the unadjusted, univariate regression results.
For the multivariate analysis, we used the Enter procedure
in which all independent variables are entered in a single



Table 1 Characteristics of the bisphosphonate exposure cohort stratified by upper gastrointestinal bleeding status a

UGIB Unadjusted odds
ratio (95% CI)

p -Value

n = 117 (0.4)

≤ 80 years n = 47 (40.2) > 80 years n = 70 (59.8)

Age (y)

≤ 80 47 - (reference)

> 80 - 70 2.08 (1.44, 3.01) 0.000

Sex c

Female 39 (83.0) 57 (81.4) (reference)

Male 8 (17.0) 13 (18.6) 1.72 (1.07, 2.76) 0.025

Comorbid conditions c

None 2 (4.3) 4 (5.7) (reference)

1 – 3 9 (19.1) 17 (24.3) 1.29 (0.51, 3.15) 0.571

4 - 6 28 (59.6) 38 (54.3) 1.61 (0.70, 3.71) 0.267

7 - 15 8 (17.0) 11 (15.7) 1.69 (0.55, 3.48) 0.487

Past history of gastric ulcer disease b

No 35 (74.5) 58 (82.9) (reference)

Yes 12 (25.5) 12 (17.1) 2.21 (1.41, 3.46) 0.001

Past history of serious GI bleeding b

No 41 (87.2) 62 (88.6) (reference)

Yes 6 (12.8) 8 (11.4) 2.79 (1.59, 4.90) 0.000

NSAIDs (oral) d

No concurrent use 42 (89.4) 65 (92.9) (reference)

Concurrent use 5 (10.6) 5 (7.1) 0.42 (0.22, 0.80) 0.009

Anti-platelet / anti- coagulant drugs (oral) c

No concurrent use 40 (85.1) 64 (91.4) (reference)

Concurrent use 7 (14.9) 6 (8.6) 0.85 (0.48, 1.51) 0.848

Proton pump inhibitor drugs (oral) b

No concurrent use 33 (70.2) 50 (71.4) (reference)

Concurrent use 14 (29.8) 20 (28.6) 2.03 (1.36, 3.03) 0.001
a Data are shown as number (percentage) unless otherwise indicated.
b p < 0.001.
c Not significant.
d p < 0.05.
CI = confidence interval; GI = gastrointestinal; NSAID = UGIB = upper gastrointestinal bleed.
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step and then tested for the possibility of statistical
interaction between the main independent variables
(age group) and all other covariates. We pre-specified that
we would consider only interaction terms that achieved a
level of statistical significance of p < 0.10 [34].
We then checked for confounding of the variables that

were removed from the model; as none of the beta coef-
ficients changed by more than 15% we were satisfied
that neither of the variables were statistically significant
predictors of the dependent outcome nor confounders.
There were no statistically significant interactions between
the main independent variable (age group) and the
remaining variables; therefore, none of the interaction terms
were retained in the final model. The final multivariate
model included the variables: age, sex, past history of gastric
ulcer disease, past history of serious UGIB, concurrent use
of prescription NSAIDs and the use of PPIs. The adjusted
ORs were considered statistically significant if the 95% CI
did not include 1. All analyses were conducted using SPSS
version 19.0 (IBM SPSS Statistics).

Explanatory variables: covariates
Based on clinical relevance and known UGIB risk factors
identified in previous research [32,35-38], we planned to
control for the following potential confounders: age
(grouped as ≤ 80 years and > 80 years), sex (female, male),
remote past history (> 1 year prior) of serious UGIB
requiring hospital stay (ICD-9 codes 530–535 or 578
in the DAD file), past history of gastric ulcer disease
(ICD-9 code of 530–534 in the Medical Services Plan
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[MSP] or DAD file), concurrent use of prescription
oral NSAIDs, and oral antiplatelet / anticoagulation
medications. Concurrent use of a PPI was also examined
as other researchers have used the use of PPIs as a marker
or proxy for the presence of preexisting GI disease. See
Additional file 2 for the specific medications we included
in the analysis.
To assess the prevalence of co-morbidity, a priori

we assembled a constellation of 15 chronic disease
diagnoses, which are often symptomatic and are thus
important in predicting morbidity and mortality.
Co-morbidity is defined as the co-existence of two
or more chronic conditions or impairments that
have an impact upon patient independence and survival
[39]. Specifically, the co-morbidities included in the
analysis were: cancer, cerebrovascular disease, diabetes,
cardiovascular disease, hypertension, osteoporosis,
osteoarthritis, rheumatoid arthritis, neurotic disorders,
depression / psychosis, incontinence, Parkinson’s disease,
chronic obstructive pulmonary disease, and asthma. The
diagnoses chosen were largely based on those identified in
other co-morbidity indices (i.e. The Charlson Index [40]
and Elixhauser’s method [41]) and have been used in
previous studies [42]. Co-morbidity was identified by
searching the MSP payment file to identify those
patients with at least two primary care visits for the
same diagnosis within the last two years of the study
period. The MSP is the province’s universal health
insurance program, and contains data on outpatient
services provided by fee for service practitioners. One
diagnosis code is reported per patient encounter; this
code is assumed to be the primary diagnosis or reason
for the visit or service [43]. In order to compare co-
morbidity between subjects, we simply added the number
of diagnoses. This “disease counting” approach is less
complex and studies have shown them to be as effective
(if not more effective) as other more complex measure-
ments in predicting and controlling for co-morbidity such
as the Charlson Index [44-47].

Results
Study population
After exclusion criteria were applied, we identified
26,223 individual patients in the exposure cohort. The
mean age of the sample was 78.8 years (SD 6.9; range
65–104 years), and 88% of the subjects were female.
The majority of the cohort had between 4 and 6 co-morbid
conditions (51%), 10% had a past medical history of gastric
ulcer disease, 5% had a remote history of serious UGIB,
18% used NSAIDs, 13% used antiplatelet / anticoagulant
prescriptions drugs, and 17% used PPIs.
Within the exposure cohort, 117 (0.4%) individual

patients had suffered a serious UGIB (116 requiring
hospitalization and one death) within 120 days of incident
bisphosphonate use; the remaining 26,106, acted as the
internal control group. Those who developed an UGIB
(the 117 cases) tended to be > 80 years old (60%), and
when compared to those who did not suffer a UGIB,
they were significantly more likely to have had a past
history of gastric ulcer disease (21% vs. 11%), a remote
history of serious UGIB (12% vs. 5%), and had been dis-
pensed PPI medications (29% vs. 17%) (all were p < 0.001).
Cases were less likely to have been dispensed NSAIDs com-
pared to controls (9% vs. 18%; p < 0.05). There were no
statistical differences in sex, level of co-morbidity, or use of
antiplatelet / anticoagulant prescriptions drugs between
groups. See Table 2 for characteristics of the exposure
cohort stratified by UGIB status.
We explored a number of post hoc relationships between

variables of interest. Those with greater co-morbidity were
significantly more likely to have been dispensed a NSAID
and there was an inverse relationship between NSAID use
and the past history of gastric ulcer disease. There were
significant positive relationships between PPI use and a past
history of gastric ulcer disease and between PPI use and a
past history of a serious UGIB.
Incidence of UGIB
Assuming those in the bisphosphonate exposure cohort
were at risk for 120 days, we calculated an overall RR of
approximately 14 per 1,000 person-years for UGIB
within 120 days of incident bisphosphonate prescription.
When stratified by age, those patients > 80 years (RR = 19)
had more than two times the incidence of UGIB compared
to those ≤ 80 years (RR = 9). The corresponding absolute
risk (AR) increase was 13 per 1,000 per years. See Table 3
for crude IRs.
Factors associated with UGIB: logistic regression analysis
A past history of serious UGIB was the strongest predictor
of UGIB within 120 days of incident bisphosphonate use
(adjusted OR = 2.28; 95% CI = 1.29–4.03). The next
strongest predictor of UGIB was the concurrent use of
PPI medications. In comparison to those who were not
concurrently dispensed a PPI medication, patients with
a PPI were significantly more likely to suffer an UGIB
within 120 days post initiation bisphosphonate drug
(adjusted OR = 2.04; 95% CI = 1.35–3.07). Other statisti-
cally significant predictors of UGIB included age > 80 years
(adjusted OR = 2.03; 95% CI = 1.40–2.94), a past history
of gastric ulcer disease (adjusted OR = 1.90; 95% CI =
1.21–3.01), and male sex (adjusted OR = 1.69; 95% CI =
1.05–2.72). The use of prescription NSAIDs was found to
be a significant negative predictor of UGIB (adjusted OR =
0.41; 95% CI = 0.21–0.80). See Table 1 for the unadjusted
ORs and Table 4 for factors (the adjusted ORs) predicting
UGIB within 120 days of incident bisphosphonate use.



Table 2 Characteristics of bisphosphonate exposure cohort stratified by upper gastrointestinal bleeding status a

UGIB No UGIB Total

n = 117 (0.4) n = 26 106 (99.6) N = 26 223

Age (y) b

≤ 80 47 (40.2) 15,213 (58.3) 15,260 (58.2)

> 80 70 (59.8) 10,893 (41.7) 10,963 (41.8)

mean ± SD 81.8 ± 6.9 78.8 ± 6.9 78.8 ± 6.9

Sex c

Female 96 (82.1) 23,030 (88.2) 23,126 (88.2)

Male 21 (17.9) 2,934 (11.2) 2,955 (11.3)

Unknown 0 142 (0.5) 142 (0.5)

Comorbid conditions c

None 6 (5.1) 1,936 (7.4) 1,942 (7.4)

1 – 3 26 (22.2) 6,490 (24.9) 6,516 (24.8)

4 - 6 66 (56.4) 13,256 (50.8) 13,322 (50.8)

7 - 15 19 (16.2) 4,424 (16.9) 4,443 (16.9)

mean ± SD 4.77 ± 2.1 4.41 ± 2.2 4.41 ± 2.2

Comorbid conditions (by diagnosis)

Cancer c 44 (37.6) 9,056 (34.7) 9,100 (34.7)

Cerebrovascular disease c 30 (25.6) 5,324 (20.4) 5,354 (20.4)

Diabetes c 16 (13.7) 4,269 (16.4) 4,285 (16.3)

Cardiovascular disease b 91 (77.8) 16,542 (63.4) 16,633 (63.4)

Hypertension c 84 (71.8) 17,437 (66.8) 17,521 (66.8)

Osteoporosis c 27 (23.1) 7,354 (28.2) 7,381 (28.1)

Osteoarthritis c 66 (56.4) 14,954 (57.3) 15,020 (57.3)

Rheumatoid arthritis c 11 (9.4) 3,481 (13.3) 3,492 (13.3)

Neurotic disorder c 52 (44.4) 9,941 (38.1) 9,993 (38.1)

Depression / psychosis c 60 (51.3) 12,403 (47.5) 12,463 (47.5)

Dementia c 27 (23.1) 5,050 (19.3) 5,077 (19.4)

Incontinence c 48 (41.0) 9,473 (36.3) 9,521 (36.3)

Parkinson’s c 2 (1.7) 835 (3.2) 837 (3.2)

COPD c 38 (32.5) 7,910 (30.3) 7,948 (30.3)

Asthma c 16 (13.7) 3,533 (13.5) 3,549 (13.5)

Past history of gastric ulcer disease b

No 93 (79.5) 23,374 (89.5) 23,467 (89.5)

Yes 24 (20.5) 2,732 (10.5) 2,756 (10.5)

Past history of serious GI bleeding(requiring hospital stay) b

No 103 (88.0) 24,895 (95.4) 24,998 (95.3)

Yes 14 (12.0) 1,211 (4.6) 1,225 (4.7)

NSAIDs (oral) d

No concurrent use 107 ( 91.5) 21,342 (81.8) 21,449 (81.8)

Concurrent use 10 (8.5) 4,764 (18.2) 4,774 (18.2)

Anti-platelet / anti-coagulantprescription drugs (oral) c

No concurrent use 104 (88.9) 22,751 (87.1) 22,855 (87.2)

Concurrent use 13 (11.1) 3,355 (12.9) 3,368 (12.8)
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Table 2 Characteristics of bisphosphonate exposure cohort stratified by upper gastrointestinal bleeding status a

(Continued)

Proton pump inhibitors b

No concurrent use 83 (70.9) 21,725 (83.2) 21,808 (83.2)

Concurrent use 34 (29.1) 4,381 (16.8) 4,415 (16.8)
a Data are shown as number (percentage) unless otherwise indicated.
b p < 0.001.
c Not significant.
d p < 0.05.
GI = gastrointestinal; NSAID = Non-steroidal anti-inflammatory drug; UGIB = upper gastrointestinal bleed.

Table 4 Logistic regression model: factors predicting
gastrointestinal bleeding within 120 days of incident
bisphosphonate use

Variable Adjusted odds ratio (95% CI) p -Value

Constant 0.002 0.000

Age (y)

≤ 80 1 (reference)

> 80 2.03 (1.40, 2.94) 0.000

Sex

Female 1 (reference)

Male 1.69 (1.05, 2.72) 0.030

Past history of gastric ulcer disease

No 1 (reference)

Yes 1.90 (1.21, 3.01) 0.006

Past history of serious GI bleeding
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Discussion
For many older adults with a diagnosis of osteoporosis,
oral bisphosphonate drugs are the first line of treatment.
While these drugs are typically safe, there have been reports
of serious adverse events. In this population-based nested
cohort study, we identified subjects in a Canadian province
with universal health care coverage, who were newly
dispensed a bisphosphonate drug. Although we found a
relatively low rate of UGIBs overall, only 0.4% of the
exposure cohort developing this rare event, older patients
(> 80 years) were significantly more often affected.
Using logistic regression techniques, we found that

older age was an independent risk factor for developing
an UGIB within 120 days post bisphosphonate treatment;
this relationship remained after controlling for sex, history
of gastric ulcer disease, history of serious UGIB, NSAID,
and PPI use. Regardless of age, patients who were male,
had a past history of gastric ulcer, a more remote UGIB
history, and used a PPI, were more likely to suffer a UGIB
post bisphosphonate use. Interestingly, patients who had
been dispensed NSAIDs concurrently were less likely to
develop a UGIB within 120 days of bisphosphonate use.

Age, sex, and risk of UGIB
The incidence of UGIB (within 120 days of incident
bisphosphonate use) was much higher for older subjects;
in fact, patients > 80 years of age developed an UGIB two
times more often when compared to those ≤ 80 years. This
finding is congruent with UGIB (from any cause) in the
general population where advanced age has consistently
been identified as a risk factor for the increased incidence
of UGIB and related mortality [38]. While we recognize
that older adults have multiple factors influencing their risk
of GI bleeding, UGIB is thought primarily to be related to
Table 3 Crude incidence rates of upper gastrointestinal
bleeding within 120 days of incident bisphosphonate
drug prescription

≤ 80 years > 80 years Total

Number of UGIB events 47 70 117

Person-time at risk (y) 5,017 3,604 8,621

Incidence rate a 9.4 19.4 13.6
a Incidence rate (per 1 000 person-years).
UGIB = upper gastrointestinal bleed.
increased co-morbidity and the use of multiple medications
in the older age group [37]. Although we were unable to
control for total medication counts per patient in our study,
we postulate that the increased co-morbidity in the older
group corresponded to an increase in medication use which
potentially contributed to greater UGIB risk. Additional
factors identified by other researchers include inactivity and
disability, both of which have been associated with a higher
risk of GI bleeding in older adults [37,48]. Others have
attributed the increased incidence to the increased use
of NSAIDS in older adults, who are at greater risk of GI
toxicity from these agents, as well as a higher prevalence
of Helicobacter pylori and gastroesophageal reflux
disease [49,50]. Peptic ulcer disease is not only strongly
associated with Helicobacter pylori infection and more
common in older adults but is also well known as the
No 1 (reference)

Yes 2.28 (1.29, 4.03) 0.005

NSAIDs (oral)

No concurrent use 1 (reference)

Concurrent use 0.41 (0.21, 0.80) 0.008

Proton pump inhibitor drugs (oral)

No concurrent use 1 (reference)

Concurrent use 2.04 (1.35, 3.07) 0.001

CI = confidence interval; GI = gastrointestinal; NSAID = Non-steroidal
anti-inflammatory drug; UGIB = upper gastrointestinal bleed.
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most common cause of UGIB [38]. We found that gastric
ulcer disease was a strong independent predictor of UGIB;
specifically, those with a past history of gastric ulcer
disease were 90% more likely to develop an UGIB
(within 120 days of incident bisphosphonate use) than
those with no history of the disease.
In our study, we were concerned primarily with

bisphosphonate medications and their association with
UGIB in an older population. Esophagitis and gastropathy,
described as mucosal injury to the esophagus and
stomach respectively, can be caused by drugs such as
bisphosphonates that are known to cause local effects
on both areas of the GI tract [15]. Although overt
UGIB is an uncommon manifestation of esophagitis or
gastropathy, these lesions are implicated as bleeding
sources more frequently in the older adult, especially
those 80 years and older [51].
We found that regardless of age, males had an approxi-

mately 70% increased risk of hospitalization for UGIB than
females. This is consistent with previous studies, who have
found approximately a two-fold increase in the incidence of
UGIB, from any cause, in males than in females; however,
mortality rates are similar in both sexes [32,52]. In our
study this was not unexpected as the male group was also
found to have significantly more co-morbid disease, notably
cardiovascular disease, and were more likely to have a past
medical history of gastric ulcer disease both of which are
associated with an increased risk of UGIB.

NSAIDs, PPIs, and risk of UGIB
Many studies, of various designs, have focused on NSAID
use in relation to UGIBs; for the most part, findings over
the last 15 years suggest that current users of NSAIDS have
at least a 3 to 5 fold increased risk of UGIB [53]. Contrary
to these results, in our study we found that a prescription
for a NSAID was the strongest negative predictor of UGIB;
those who had been dispensed NSAIDs were two and a
half times less likely to suffer a UGIB within 120 days of
incident bisphosphonate use. Because of the known GI side
effects associated with NSAID use, we initially speculated
that perhaps patients, who were prescribed a NSAID, were
healthier patients with fewer co-morbid conditions, thus
less likely to develop a UGIB. We found that those with
greater co-morbidities were significantly more likely to
be dispensed a NSAID drug; therefore, the notion that
those prescribed a NSAID were healthier did not stand.
We did find an inverse relationship between NSAID
use and past history of gastric ulcer disease; those with
a gastric ulcer were less likely to have been dispensed
a NSAID. For that reason, we postulated that the
“protective” effect of NSAIDs may stem from their
use in patients who do not have a history of gastric
ulcer thus making users of NSAIDs perhaps less likely
to develop a UGIB. The clinical significance of this
finding, however, is unclear and caution in the inter-
pretation of this finding is thus warranted.
We also found that those patients who had been

dispensed a PPI medication were two times as likely to
develop a UGIB post incident bisphosphonate use. As we
used the prescription of a PPI as a proxy for the presence
of GI disease, this finding was expected. Those who were at
an increased risk, or who have already developed GI
disease, are often prescribed drug therapy with either a
histamine-2 (H2)–receptor antagonist (typically available as
over the counter medications) or a PPI in order to provide
mucosal protection [54]. In other words, those patients
using a bisphosphonate and a PPI likely had a greater
underlying risk of an adverse GI event compared to those
persons using a bisphosphonate alone; this would account
for the observed increase in UGIB risk for concurrent users
of the drugs [19]. This was confirmed during post hoc
analysis where we found significant positive relationship
between PPI use and both a past history of gastric ulcer
disease and past serious UGIB.

Comparison to previous research
Although a number of randomized controlled trials (RCTs)
have reported higher rates of upper GI tract minor irrita-
tions in treatment groups (although not reaching statistical
significance), there have been no reports of more serious
upper GI tract adverse events such as UGIB [55-57].
RCTs typically follow a smaller group of highly selected
individuals for a relatively short period of time and are
designed primarily to investigate the fracture prevention
efficacy of bisphosphonates. Unfortunately, there are
few previous population based studies investigating the
risk of UGIB associated with bisphosphonate drugs to
compare our study results to [18-21].

Limitations
This study, as with other studies based solely on adminis-
trative data, has some limitations that must be recognized.
First, bisphosphonates are not only prescribed for the
prevention and treatment of osteoporosis, but also for
the treatment of certain malignancies and related malig-
nancy complications as well as other serious conditions
such as Paget’s disease of the bone. As we exclusively
examined oral bisphosphonate preparations, we can be
fairly certain that these drugs were not used to treat a
malignancy or related complication such as hypercalcemia
as these conditions are primarily treated with intravenous
bisphosphonate infusions. Furthermore, a diagnosis of
Paget’s disease is relatively rare (in comparison to a
diagnosis of osteoporosis); moreover, we were interested
in adverse events associated with new bisphosphonate use
and as we controlled for co-morbidity, we did not think
the primary therapeutic use of the drug would have
changed the results of our study.
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Second, the exposure cohort was compiled based on
dispensation of bisphosphonate drugs and may not be
an accurate reflection of actual drug consumption
rates; therefore, we may have overestimated the use of
bisphosphonates and perhaps have then underestimated
UGIBs related to the new use of the drug (non-differential
misclassification). This type of misclassification of exposure
would bias the effect measure toward an apparent null
effect. Third, due to the claims-based nature of the dataset,
information related to other potentially confounding
variables could not be assessed or controlled for. For
example, we lacked data on other factors known to be
related to UGIBs such as smoking and alcohol consump-
tion, the use of over the counter medications such as
NSAIDs (i.e. ibuprofen) and ASA, and the presence of un-
diagnosed helicobacter pylori infections [32,58]. Although
the inclusion of these variables may have provided a more
inclusive description of potential UGIB predictors, we do
not believe that controlling for these variables would have
altered the results of this study.
Thirdly, we based the outcome diagnosis of UGIB

exclusively on discharge abstract coding and have no
way of knowing if endoscopy was done and if done, where
in fact the GI bleeding originated from (esophagus vs.
stomach). We attempted to overcome this limitation by
only including those patients who were diagnosed with a
“serious” bleed; therefore, we are confident that diagnoses
were confirmed in the clinical setting by endoscopy.
Lastly, we would be remiss if we did not acknowledge

that the relationship between bisphosphonates and
UGIBs may also be complicated by the known fact of an
already increased prevalence of GI tract symptoms
among older adults [59]. In our study, we did not find
differences in co-morbidity between those who developed
a UGIB and those who did not. We did find that those
who developed a UGIB were more likely to both have a
concurrent past diagnosis of gastric ulcer disease as well
as a remote history of UGIB. Taken together, this may
have accounted for some of the decrease in observed risk
in the group who did not develop a UGIB - even after
controlling for these variables as confounders.
The strengths of this study include its population-based

design, a large sample size, and its use of detailed data made
possible by the use of a comprehensive linkable dataset
including clinical and prescription drug information of
most residents in the province. To our knowledge, this is
one of the first comprehensive, population based studies of
UGIB incidence associated with new oral bisphosphonate
use. We used a strict case definition of UGIB, which has
been previously validated; this strategy for identifying cases
of UGIB (a rare event) was broad, reducing the likelihood
that cases were missed [60]. In addition, our study used a
co-morbidity index that had been previously validated with
the population and used sophisticated statistical analysis to
control for potentially confounding variables. Given the
longitudinal nature of the data, it was also possible to
examine drug use as both an exposure (bisphosphonate)
and an end-point (UGIB) thereby having the advantage of
enough accumulated person-time of bisphosphonate
exposure for detection of more rare GI associated adverse
events. Taken together, these factors ought to contribute
to a reliable estimate of the ORs for UGIBs within 120 days
of incident bisphosphonate use.

Conclusion
Upper GIB is a rare, but serious, side effect of
bisphosphonate therapy with older patients being affected
more often than younger ones. In our study, those incident
users of oral bisphosphonate drugs aged > 80 years had a
two-fold increase in serious UGIB within 120 days of new
drug use. Unfortunately, osteoporosis related fracture risk
also increases substantially with age and those older adults
are at a much higher risk of morbidity and mortality
related to fractures. Concern about potential rare adverse
events should not discourage clinicians from prescribing
bisphosphonate drugs when there is a high risk of fracture,
particularly in older patients many of who have already
sustained a fragility fracture. Although evidence of a defini-
tive causal relationship between bisphosphonate therapy
and serious adverse events such as UGIB is lacking, clini-
cians need to remain cognizant of potential adverse events
associated with bisphosphonate use and should routinely
ask patients about pre-existing GI disorders and concurrent
medication history prior to prescribing these drugs.

Additional files

Additional file 1: ICD-9 codes used to identify UGIB cases.

Additional file 2: Oral prescription medications included in the
analysis.

Abbreviations
ADR: Adverse drug reaction; C: Confidence interval; DAD: Discharge Abstract
Database; GI: Gastrointestinal; IR: Incidence rate; MSP: Medical services plan;
NSAID: Nonsteroidal anti-inflammatory drugs; OR: Odds ratio; PPI: Proton
pump inhibitor; UGIB: Upper gastrointestinal bleed.

Competing interests
None of the authors have any financial or non-financial competing interests
to declare as related to the contents of this manuscript.

Authors’ contributions
Study concept and design: JAK-S, GGC, JH, and DV; acquisition, preparation,
analysis, and interpretation of the data: JAK-S and DV; first draft of the
manuscript: JAK-S. All authors critically reviewed the manuscript and
approved the final version of the manuscript to be published.

Author details
1Faculty of Health Disciplines, Athabasca University, Athabasca, Alberta, Canada.
2Faculty of Nursing, University of Alberta, Edmonton, Alberta, Canada.
3Department of Medicine, University of Alberta, Edmonton, Alberta, Canada.
4Alberta Centre for Injury Control and Research, School of Public Health,
University of Alberta, Edmonton, Alberta T6G 2E1, Canada.

http://www.biomedcentral.com/content/supplementary/1471-2318-13-36-S1.doc
http://www.biomedcentral.com/content/supplementary/1471-2318-13-36-S2.doc


Knopp-Sihota et al. BMC Geriatrics 2013, 13:36 Page 11 of 12
http://www.biomedcentral.com/1471-2318/13/36
Received: 13 September 2012 Accepted: 9 April 2013
Published: 20 April 2013

References
1. NIH Consensus Development Panel on Osteoporosis Prevention D, & Therapy:

Osteoporosi appendix 2 oral prescription medications included in the
analysis s prevention, diagnosis, and therapy. JAMA 2001, 285(6):785–795.

2. Papaioannou A, Morin S, Cheung AM, Atkinson S, Brown JP, Feldman S,
Hanley DA, Hodsman A, Jamal SA, Kaiser SM, et al: 2010 clinical practice
guidelines for the diagnosis and management of osteoporosis in
Canada: Summary. CMAJ 2010, 182(17):1864–1873.

3. Hampson G, Fogelman I: Clinical role of bisphosphonate therapy.
Int J Womens Health 2012, 4:455–469.

4. MacLean C, Newberry S, Maglione M, McMahon M, Ranganath V, Suttorp M,
Mojica W, Timmer M, Alexander A, McNamara M, et al: Systematic review:
Comparative effectiveness of treatments to prevent fractures in men
and women with low bone density or osteoporosis. Ann Intern Med 2008,
148(3):197–213.

5. Khosla S, Burr D, Cauley J, Dempster DW, Ebeling PR, Felsenberg D, Gagel
RF, Gilsanz V, Guise T, Koka S, et al: Bisphosphonate-associated
osteonecrosis of the jaw: report of a task force of the American Society
for Bone and Mineral Research. J Bone Miner Res 2007, 22(10):1479–1491.

6. Green J, Czanner G, Reeves G, Watson J, Wise L, Beral V: Oral
bisphosphonates and risk of cancer of oesophagus, stomach, and
colorectum: case–control analysis within a UK primary care cohort.
BMJ 2010, 341:c4444.

7. Oh YH, Yoon C, Park SM: Bisphosphonate use and gastrointestinal tract
cancer risk: meta-analysis of observational studies. World J Gastroenterol
2012, 18(40):5779–5788.

8. Wright E, Schofield PT, Seed P, Molokhia M: Bisphosphonates and risk of
upper gastrointestinal cancer — A case control study using the General
Practice Research Database (GPRD). PLoS One 2012, 7(10):e47616.

9. Park-Wyllie L, Mamdani MM, Juurlink DN: Bisphosphonate use and the risk
of subtrochanteric or femoral shaft fractures in older women. JAMA 2011,
305(8):783–789.

10. Black DM, Kelly MP, Genant HK, Palermo L, Eastell R, Bucci-Rechtweg C, Cauley
J, Leung PC, Boonen S, Santora A, et al: Bisphosphonates and fractures of the
subtrochanteric or diaphyseal femur. N Engl J Med 2010, 362(19):1761–1771.

11. Kherani RB, Papaioannou A, Adachi JD: Long-term tolerability of the
bisphosphonates in postmenopausal osteoporosis: A comparative
review. Drug Saf 2002, 25(11):781–790.

12. Khapra AP, Rose S: Drug injury in the upper gastrointestinal tract: Effects
of alendronate. Gastrointest Endosc Clin N Am 2006, 16(1):99–110.

13. Hollick RJ, Reid DM: Role of bisphosphonates in the management of
postmenopausal osteoporosis: An update on recent safety anxieties.
Menopause Int 2011, 17(2):66–72.

14. McGreevy C, Williams D: Safety of drugs used in the treatment of
osteoporosis. Therapeutic Advances in Drug Safety 2011, 2(4):159–172.

15. Lewiecki EM: Safety of long-term bisphosphonate therapy for the
management of osteoporosis. Drugs 2011, 71(6):791–814.

16. Edwards IR, Aronson JK: Adverse drug reactions: Definitions, diagnosis,
and management. Lancet 2000, 356(9237):1255–1259.

17. Reid IR: Bisphosphonates in the treatment of osteoporosis: a review of
their contribution and controversies. Skeletal Radiol 2011, 40(9):1191–1196.

18. Etminan M, LÉVesque L, Fitzgerald JM, Brophy JM: Risk of upper
gastrointestinal bleeding with oral bisphosphonates and non steroidal
anti-inflammatory drugs: A case–control study. Aliment Pharmacol Ther
2009, 29(11):1188–1192.

19. Donahue JG, Chan KA, Andrade SE, Beck A, Boles M, Buist DSM, Carey VJ,
Chandler JM, Chase GA, Ettinger B, et al: Gastric and duodenal safety of
daily alendronate. Arch Intern Med 2002, 162(8):936–942.

20. Vestergaard P, Schwartz K, Pinholt EM, Rejnmark L, Mosekilde L: Gastric and
esophagus events before and during treatment of osteoporosis. Calcif
Tissue Int 2010, 86(2):110–115.

21. Cadarette SM, Katz JN, Brookhart MA, Starmer T, Stedman MR, Levin R,
Solomon DH: Comparative gastrointestinal safety of weekly oral
bisphosphonates. Osteoporos Int 2009, 20(10):1735–1747.

22. PharmaCare. http://www.popdata.bc.ca/data/internal/health/pharmacare.
23. Population Estimates. http://www.bcstats.gov.bc.ca/Home.aspx.
24. Strampel W, Emkey R, Civitelli R: Safety considerations with bisphosphonates

for the treatment of osteoporosis. Drug Saf 2007, 30(9):755–763.
25. Discharge Abstract Database (Hospital Separations File). http://www.popdata.
bc.ca/data/internal/health/dad.

26. Blumentals WA, Harris ST, Cole RE, Huang L, Silverman SL: Risk of severe
gastrointestinal events in women treated with monthly ibandronate
or weekly alendronate and risedronate. Ann Pharmacother 2009,
43(4):577–585.

27. Ettinger B, Pressman A, Schein J: Clinic visits and hospital admissions for
care of acid-related upper gastrointestinal disorders in women using
alendronate for osteoporosis. Am J Manag Care 1998, 4(10):1377–1382.

28. Kane S, Borisov NN, Brixner D: Pharmacoeconomic evaluation of
gastrointestinal tract events during treatment with risedronate or
alendronate: A retrospective study. Am J Manag Care 2004, 10:S216–S226.

29. Miller RG, Bolognese M, Worley K, Solis A, Sheer R: Incidence of
gastrointestinal events among bisphosphonate patients in an
observational setting. Am J Manag Care 2004, 10:S207–S215.

30. Stang M, Wysowski DK, Butler-Jones D: Incidence of lactic acidosis in
metformin users. Diabetes Care 1999, 22(6):925–927.

31. BC Vital Statistics Death Events Registry. http://www.popdata.bc.ca/data/
internal/demographic/vsdeaths.

32. Hernandez-Diaz S, Rodriguez LAG: Incidence of serious upper
gastrointestinal bleeding/perforation in the general population: Review
of epidemiologic studies. J Clin Epidemiol 2002, 55(2):157–163.

33. van Leerdam ME: Epidemiology of acute upper gastrointestinal bleeding.
Best Pract Res Clin Gastroenterol 2008, 22(2):209–224.

34. Hosmer DW, Lemeshow S: Applied Logistic Regression, 2nd edn. New York:
John Wiley & Sons, Inc; 2000.

35. Lin KJ, García Rodríguez LA, Hernández-Díaz S: Systematic review of peptic
ulcer disease incidence rates: do studies without validation provide
reliable estimates? Pharmacoepidemiol Drug Saf 2011, 20(7):718–728.

36. Longstreth GF: Epidemiology of hospitalization for acute upper
gastrointestinal hemorrhage: A population-based study.
Am J Gastroenterol 1995, 90(2):206–210.

37. Kaplan RC, Heckbert SR, Koepsell TD, Furberg CD, Polak JF, Schoen RE, Psaty
BM, For The Cardiovascular Health Study I: Risk factors for hospitalized
gastrointestinal bleeding among older persons. J Am Geriatr Soc 2001,
49(2):126–133.

38. Yachimski PS, Friedman LS: Gastrointestinal bleeding in the elderly. Nat
Clin Pract Gastroenterol Hepatol 2008, 5(2):80–93.

39. Deyo RA, Cherkin DC, Ciol MA: Adapting a clinical co-morbidity index for use
with ICD-9-CM administrative databases. J Clin Epidemiol 1992, 45(6):613–619.

40. Charlson ME, Pompei P, Ales KL, MacKenzie CR: A new method of
classifying prognostic co-morbidity in longitudinal studies: Development
and validation. J Chronic Dis 1987, 40(5):373–383.

41. Elixhauser A, Steiner C, Harris DR, Coffey RM: Comorbidity measures for use
with administrative data. Med Care 1998, 36(1):8–27.

42. Kelly KD, Pickett W, Yiannakoulias N, Rowe BH, Schopflocher DP, Svenson L,
Voaklander DC: Medication use and falls in community-dwelling older
persons. Age Ageing 2003, 32(5):503–509.

43. Medical Services Plan (MSP) Payment Information File. http://www.popdata.bc.
ca/data/internal/health/msp.

44. Schneeweiss S, Seeger JD, Maclure M, Wang PS, Avorn J, Glynn RJ: Performance
of co-morbidity scores to control for confounding in epidemiologic studies
using claims data. Am J Epidemiol 2001, 154(9):854–864.

45. Melfi C, Holleman E, Arthur D, Katz B: Selecting a patient characteristics
index for the prediction of medical outcomes using administrative
claims data. J Clin Epidemiol 1995, 48(7):917–926.

46. Perkins AJ, Kroenke K, Unutzer J, Katon W, Williams JW, Hope C, Callahan
CM: Common comorbidity scales were similar in their ability to predict
health care costs and mortality. J Clin Epidemiol 2004, 57(10):1040–1048.

47. Radley DC, Gottlieb DJ, Fisher ES, Tosteson AN: Co-morbidity risk-adjustment
strategies are comparable among persons with hip fracture. J Clin Epidemiol
2008, 61(6):580–587.

48. Pahor M, Guralnik JM, Salive ME, Chrischilles EA, Brown SL, Wallace RB:
Physical activity and risk of severe gastrointestinal hemorrhage in older
persons. JAMA 1994, 272(8):595–599.

49. Liston R, Pitt MA, Banerjee AK: Reflux oesophagitis and Helicobacter pylori
infection in elderly patients. Postgrad Med J 1996, 72(846):221–223.

50. Thomopoulos KC, Vagenas KA, Vagianos CE, Margaritis VG, Blikas AP,
Katsakoulis EC, Nikolopoulou VN: Changes in aetiology and clinical
outcome of acute upper gastrointestinal bleeding during the last
15 years. Eur J Gastroenterol Hepatol 2004, 16(2):177–182.

http://www.popdata.bc.ca/data/internal/health/pharmacare
http://www.bcstats.gov.bc.ca/Home.aspx
http://www.popdata.bc.ca/data/internal/health/dad
http://www.popdata.bc.ca/data/internal/health/dad
http://www.popdata.bc.ca/data/internal/demographic/vsdeaths
http://www.popdata.bc.ca/data/internal/demographic/vsdeaths
http://www.popdata.bc.ca/data/internal/health/msp
http://www.popdata.bc.ca/data/internal/health/msp


Knopp-Sihota et al. BMC Geriatrics 2013, 13:36 Page 12 of 12
http://www.biomedcentral.com/1471-2318/13/36
51. Zimmerman J, Shohat V, Tsvang E, Arnon R, Safadi R, Wengrower D:
Esophagitis is a major cause of upper gastrointestinal hemorrhage in the
elderly. Scand J Gastroenterol 1997, 32(9):906–909.

52. Loperfido S, Baldo V, Piovesana E, Bellina L, Rossi K, Groppo M, Caroli A, Dal Bo
N, Monica F, Fabris L, et al: Changing trends in acute upper-GI bleeding: a
population-based study. Gastrointest Endosc 2009, 70(2):212–224.

53. Perez Gutthann S, Garcia Rodriguez LA, Raiford DS, Duque Oliart A, Ris Romeu
J: Nonsteroidal anti-inflammatory drugs and the risk of hospitalization for
acute renal failure. Arch Intern Med 1996, 156(21):2433–2439.

54. Richardson P, Hawkey CJ, Stack WA: Proton pump inhibitors:
pharmacology and rationale for use in gastrointestinal disorders.
Drugs 1998, 56(3):307–335.

55. Lowe CE, Depew WT, Vanner SJ, Paterson WG, Meddings JB: Upper
gastrointestinal toxicity of alendronate. Am J Gastroenterol 2000, 95(3):634–640.

56. Lanza F, Sahba B, Schwartz H, Winograd S, Torosis J, Quan H, Reyes R,
Musliner T, Daifotis A, Leung A: The upper GI safety and tolerability of oral
alendronate at a dose of 70 milligrams once weekly: a placebo-
controlled endoscopy study. Am J Gastroenterol 2002, 97(1):58–64.

57. Bauer DC, Black D, Ensrud K, Thompson D, Hochberg M, Nevitt M, Musliner
T, Freedholm D: Upper gastrointestinal tract safety profile of alendronate:
the fracture intervention trial. Arch Intern Med 2000, 160(4):517–525.

58. Rodriguez LAG, Jick H: Risk of upper gastrointestinal bleeding and
perforation associated with individual non-steroidal. Lancet 1994,
343(8900):769.

59. Talley NJ, O'Keefe EA, Zinsmeister AR, Melton LJ 3rd: Prevalence of
gastrointestinal symptoms in the elderly: a population-based study.
Gastroenterology 1992, 102(3):895–901.

60. Raiford DS, Perez Gutthann S, Garcia Rodriguez LA: Positive predictive
value of ICD-9 codes in the identification of cases of complicated peptic
ulcer disease in the Saskatchewan hospital automated database.
Epidemiology 1996, 7(1):101–104.

doi:10.1186/1471-2318-13-36
Cite this article as: Knopp-Sihota et al.: The association between serious
upper gastrointestinal bleeding and incident bisphosphonate use: a
population-based nested cohort study. BMC Geriatrics 2013 13:36.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Objectives

	Methods
	Study design and data source
	Identification of the study sample
	Identification of cases
	Outcome measures and analysis
	Explanatory variables: covariates

	Results
	Study population
	Incidence of UGIB
	Factors associated with UGIB: logistic regression analysis

	Discussion
	Age, sex, and risk of UGIB
	NSAIDs, PPIs, and risk of UGIB
	Comparison to previous research
	Limitations

	Conclusion
	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 [595.440 793.440]
>> setpagedevice


