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Abstract
Purpose—Proton pump inhibitors (PPIs) and corticosteroids are commonly prescribed drugs;
however, each has been associated with fracture and community acquired pneumonia. How
physicians select patients for co-therapy may have implications for potential additive or
synergistic toxicities.

Methods—We conducted a retrospective cohort study of 13,749 incident corticosteroid users
with no prior PPI exposure using the HealthCore Integrated Research DatabaseSM. We used
logistic regression to evaluate the association between PPI initiation in the first 30 days of steroid
therapy and corticosteroid dose, clinical risk factors including co-morbid diseases, and medication
use including prescription nonsteroidal anti-inflammatory drugs (NSAIDs).

Results—1,050 (7.6%) patients filled a new PPI prescription within 30 days of starting
corticosteroids. PPI use was associated with the number of baseline co-morbid conditions (OR
1.21 for each additional condition, CI 1.13–1.28), recent hospitalization (OR 4.71, CI 4.02–5.52),
prednisone dose above 40mg/day (OR 1.87, CI1.45–2.41), history of gastroesophageal reflux or
gastric ulcer disease (OR 1.54, CI 1.24– 1.91), renal insufficiency (OR 2.06, CI 1.73–2.46), and
liver disease (OR 1.82, CI 1.45–2.28). Concomitant use of prescription NSAIDs was also
associated with PPI use (OR 1.89, CI 1.32–2.70); however, the total use of PPIs in this group was
low (6.3%, CI 4.4–8.2%).

Conclusions—Overall, PPI therapy among corticosteroid users was uncommon, even among
those with risk factors for gastrointestinal toxicity. PPI use was significantly more common among
patients who had recently been hospitalized, had a greater burden of co-morbid illness, or were
receiving high daily doses of corticosteroids.
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Introduction
Proton pump inhibitors (PPIs) are widely prescribed in the United States for the
management of gastroesophageal reflux disease (GERD) as well as for prophylaxis against
gastrointestinal ulcers. Although generally considered safe, a growing body of observational
data suggests that PPIs may be associated with significant toxicities, including an increased
risk of fracture1–7 and community acquired pneumonia.8–13 Although not all studies have
supported these conclusions,14–16 there is sufficient evidence of potential risk to warrant
further exploration into ways in which these drugs can be selectively prescribed to maximize
their potential benefits while minimizing potential harms.

Chronic corticosteroid users represent a patient population for whom the balance between
risks and benefits of PPI therapy may be especially salient. First, existing data suggest that
corticosteroid users are more likely to be given a PPI than other patients.4, 17 Second, while
corticosteroid users with risk factors for gastrointestinal bleeding including concomitant
NSAID use are likely to benefit from PPI therapy,18 the role of corticosteroids in the
development of significant GI toxicity in patients without additional risk factors is
controversial,19–23 and the benefits of acid suppression in this group have not been
established. Finally, chronic corticosteroid use has been associated with some of the same
toxicities as PPI use, most notably fracture and infection.24

To date, no studies have defined whether the combination of PPI’s and corticosteroids
results in an increased risk of toxicity compared to corticosteroids alone. However, the
potential for additive or synergistic toxicity and the uncertain benefits of acid suppression in
the majority of corticosteroid users suggest that physicians should be selective in the use of
PPI’s in this population. We therefore designed this study to define risk factors that are
associated with the use of PPIs among a cohort of new corticosteroid users, specifically
focusing on those baseline factors that may increase the risk of gastrointestinal toxicity and
therefore justify the use of a PPI, and those factors that may increase the risk of fracture and
community acquired pneumonia.

Methods
We used data from the HealthCore Integrated Research DatabaseSM, an insurance claims
database that includes diagnostic, procedural and prescription drug information for patients
in 14 states in the United States, to conduct a retrospective cohort study of new chronic
corticosteroid users. We examined records from January 1, 2002 through July 31, 2009 to
identify all patients in the database with an incident prescription or prescriptions for
corticosteroids with a total days supply of at least 60 consecutive days. The date of the first
corticosteroid prescription fill meeting this criterion was used as the index date. We required
included patients to have at least one year of enrollment in the database without
corticosteroid exposure prior to the index date and at least 90 days of follow up in the
database after the index date. We excluded those patients who had received a PPI in the
twelve months prior to the index date. We also excluded patients who had a diagnosis of a
hematologic malignancy that might be treated with corticosteroids or who had a diagnostic
or procedure code for cancer chemotherapy prior to the index date. The study was reviewed
and approved by the Institutional Review Board at the University of Pennsylvania.

Outcome definition
The primary outcome was the use of a proton pump inhibitor in conjunction with
corticosteroid therapy. This outcome was defined using pharmacy claims data as a
prescription fill for a PPI within 30 days of the index date.
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Risk factor definitions
Patient age at the index date, the geographic region (Northeast, Midwest, West, and
Southeast) in which the patient was enrolled, and the patient’s gender were obtained from
the health plan enrollment files. We used ICD-9-CM codes (see appendix for complete
codes) to identify medical claims recorded within one year prior to the index date for the
following conditions identified as possible risk factors for falls, fracture or community
acquired pneumonia25, 26: rheumatoid arthritis, asthma or chronic obstructive pulmonary
disease, cough, disorders resulting in immunodeficiency, congestive heart failure, dementia,
gait imbalance or a history of falls, coronary artery disease, cerebrovascular disease,
peripheral vascular disease, chronic renal insufficiency, chronic liver disease, endocrine
disorders affecting bone metabolism, intestinal malabsorption, alcohol abuse, tobacco use,
osteoporosis, seizures or syncope, and diabetes. The following potential risk factors for non-
fracture complications of corticosteroid therapy including gastrointestinal complications
were also included: obesity, inflammatory bowel disease, and a history of GERD or peptic
ulcer disease. In addition to evaluating each of these conditions separately, we calculated the
number of distinct co-morbid illnesses other than GERD or peptic ulcer disease recorded in
the year prior to the index date as a measure of overall burden of co-morbid illness.

To capture the use of other prescription medications at the time of corticosteroid initiation,
we used pharmacy records of filled prescriptions in the 90 days prior to, but not including,
the index date. We recorded the use of bisphosphonates and calcium/vitamin d supplements;
anticoagulants including warfarin, heparin and low molecular weight heparin; anti-platelet
agents including aspirin, clopidogrel and ticlopidine; thyroid replacement hormone;
cardiovascular medications including antihypertensives, rate controlling agents, diuretics
and statins; and additional immunosuppressive agents including cyclophosphamide,
azathioprine, and disease modifying anti-rheumatic drugs.

During the first 30 days of therapy beginning with the index date, we calculated the average
daily dose of corticosteroids prescribed by first multiplying the number of pills dispensed by
the strength of the pills prescribed, then dividing this product by the number of days’
supplied in the prescription. Prescriptions for corticosteroids other than prednisone were
then converted into prednisone-equivalent doses.27 All corticosteroid daily doses were then
divided into categories: less than 5 mg, 5–<10 mg, 10–<20 mg, 20–<30 mg, 30–<40 mg,
40–<50 mg, 50–<60 mg, 60–<70 mg, 70–<80 mg, and ≥80 mg. Because of the risk of
gastrointestinal toxicity associated with the combined use of non-steroidal anti-inflammatory
drugs (NSAIDs) and corticosteroids28, we also recorded whether the patient filled a
prescription for a NSAID in the 30 days after the index date.

To explore whether location of care or recent acute illness affects prescribing behavior, we
recorded a history of hospital admission in the thirty days prior to corticosteroid initiation.
Furthermore, as a marker of functional status and overall comorbidity, we recorded any
nursing home admissions in the 12 months prior to corticosteroid initiation. Finally, as a
measure of intensity of medical care, we recorded the number of physician visits29 and the
number of distinct drugs prescribed30 in the year prior to the index date.

Analytic methods
The distribution of proposed risk factors were compared between the treatment groups using
binomial tests of proportions for dichotomous risk factors and Student’s t-test or Wilcoxon
rank-sum test for continuous variables. Unadjusted associations between each risk factor
variable and PPI use were analyzed using separate logistic regression models for each
exposure. To determine the conditional associations of each risk factor with the outcome, we
then constructed multivariable logistic regression models that included all the risk factors.
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Separate models were used to assess corticosteroid dose expressed linearly and categorically
in the dose categories defined earlier in the methods. Additionally, separate models were
constructed in which specific co-morbid illnesses were removed and the number of co-
morbidities was included first as a continuous variable then as a categorical variable defined
as 0,1,2,3,4,or ≥5 co-morbid diseases. As a sensitivity analysis, we then repeated the
analyses after excluding patients with an age less than 19 years. A p-value of 0.05 was used
as a threshold for statistical significance in all analyses.

Results
We identified 13,749 incident corticosteroid users who met inclusion and exclusion criteria.
Of these, only 1,050 (7.6%) received a prescription for a PPI within 30 days of initiating
corticosteroid therapy. The median duration of PPI therapy was 6 months (IQR 3–13
months). A total of 4.6% of patients were prescribed NSAIDs within 30 days of
corticosteroid initiation with a median duration of NSAID use of 8 months (IQR 4–18
months). Comparisons of the pre-index characteristics, co-morbid conditions, and
medication use for each group are shown in Table 1. Users of PPIs were less likely to be
female (60.0% vs. 52.4%, p<0.01), and proportions of comorbid conditions were higher in
nearly every category among PPI users compared to the corticosteroid-alone group (see
Table 1). PPI users were also much more likely to have been hospitalized prior to initiating
corticosteroid therapy, and to have been admitted to a nursing home. Unadjusted analyses
demonstrated a statistically significant association between PPI initiation and all the risk
factor variables examined except: age; a history of dementia, inflammatory bowel disease,
hypothyroidism, and osteoporosis; the frequency of physician visits; use of anti-platelet
medications; and prior use of an H2 receptor antagonist (see Table 2).

After multivariable adjustment (Table 2), chronic kidney disease (OR 2.06, 95% CI 1.73–
2.46), chronic liver disease (OR 1.82, 95% CI 1.45–2.28), and a history of GERD or gastric
ulcer disease (OR 1.54, 95% CI 1.24–1.91) remained significantly associated with PPI
initiation.. Recent hospitalization (OR 4.71, 95% CI 4.02–5.52) was strongly associated with
increased PPI use.

When we examined the number of co-morbid diagnoses as a risk factor, a clear relationship
between the increasing burden of co-morbid illness and PPI use was observed (see Figure 1
and Table 2) with an adjusted linear OR of 1.21 (95% CI 1.13–1.28) for each additional co-
morbid diagnosis.

When we examined the use of concomitant medications as risk factors in multivariable
models, we observed that both the use of immunosuppressants other than corticosteroids
(OR 0.62, 95% CI 0.46–0.84) and the use of anti-platelet medications (OR 0.57, 95% CI
0.35–0.93) were associated with less frequent PPI use. Patients who filled a prescription for
an NSAID in the first 30 days after initiating corticosteroid therapy were more likely to also
receive a PPI (adjusted OR 1.89, 95% CI 1.32–2.70); however, despite being more likely
than non-NSAID users to initiate PPI therapy, the proportion of NSAID users filling a PPI
prescription was small (6.3%, 95% CI 4.4–8.2%). Among those patients prescribed NSAIDs
who were also over the age of 70 and thus at further increased risk of GI toxicity, PPI use
was even lower (1.2%, CI 0–3.6%).

We observed a relationship between corticosteroid dose and PPI therapy; however, this
relationship was not strictly linear (see Figure 1). The dose categories less than 40 mg were
not associated with increased PPI use compared to the lowest dose category. At doses of 40
mg/day, the odds of PPI initiation began to rise (OR 1.34, 95% CI 0.98–1.82 for doses of
40–<50 mg). As shown in Figure 1, above 50 mg/day the frequency of PPI initiation more
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than doubled (22.8% vs. 9.8% for doses of 50–<60 mg/day compared to 40–<50 mg/day)
and the odds of receiving a PPI remained consistently elevated across all subsequent dose
categories (Table 2).

We did observe evidence of regional variation in the use of PPIs: the Midwest (referent) and
Southeast regions (OR 0.99, 95% CI 0.79–1.24) demonstrated similar use of PPIs in this
population, while patients enrolled in plans serving the West (OR 1.31, 95% CI 1.08–1.57)
and Northeast (OR 1.43, 95% CI 1.11–1.83) regions were more likely to use PPIs.

When we restricted the cohort to patients over the age of 18, the results were not changed
(data not shown.)

Discussion
The role of proton pump inhibitors in the routine prophylaxis of patients taking
corticosteroid therapy is unclear. Some studies have demonstrated that corticosteroids are
associated with the development of gastrointestinal ulcers,20, 21, 23 while others have failed
to find an association after adjusting for confounders.19, 22 We have not found any published
studies that have examined whether PPI therapy has a protective effect among corticosteroid
users in the absence of concomitant NSAID use. As a result, no clear consensus exists
regarding the routine use of PPIs in this population. Similarly, the possibility of additive or
synergistic toxicities related to co-therapy with PPI’s and corticosteroids has not been
verified. However, in light of growing evidence that PPI therapy may be associated with
significant adverse events including fractures and community acquired pneumonia, defining
the factors that influence the decision to prescribe PPIs may help identify populations in
which the risks of current practice outweigh the uncertain benefits of acid suppression.

We observed that PPI use in the first 30 days was associated with several co-morbid
conditions as well as the overall burden of co-morbid illness. We also observed that PPI use
was strongly associated with the highest daily doses (> 50 mg/day) of corticosteroids. Of the
three specific comorbidities identified in this analysis as being associated with PPI use, two
(chronic liver disease and chronic renal insufficiency) have also been identified as
independent risk factors for community acquired pneumonia.26 Similarly, chronic liver
disease and chronic renal disease are widely recognized risk factors for osteoporosis, and the
number of co-morbid chronic illnesses has been identified as a risk factor for falls.25 While
the precise dose-toxicity relationship of corticosteroids has not been well defined in higher
dose ranges, it is generally accepted that increased daily doses also increase the risk of
adverse events including fracture and infection.31, 32 The observed associations between PPI
use and comorbidities and between PPI use and high corticosteroid dose therefore suggest
that in a population of patients already at increased risk for fractures and infection because
of their chronic corticosteroid exposure, PPIs are preferentially prescribed to patients with
additional independent risk factors for fracture and community acquired pneumonia. This is
of particular interest given that these highly morbid outcomes have also been associated with
PPI exposure in other populations. Additionally, although the overall use of PPI’s in this
population is low, it exceeds 20% among those in the highest corticosteroid dose categories
and with the greatest number of co-morbid illnesses.

It is theoretically possible that the identified factors that increase the risk of pneumonia and
fracture are also risk factors for gastrointestinal complications associated with corticosteroid
use, and that PPI use among patients with these risk factors is therefore appropriate.
However, this possibility is not clearly supported by existing literature. Luo and colleagues
examined a cohort of corticosteroid users and only identified age, smoking history, and
concomitant NSAID use as significantly associated with GI toxicity.33 Hernandez-Diaz and
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Rodriguez found that the risk of gastrointestinal ulcer formation was higher among patients
receiving corticosteroid doses >30 mg/day with a reported OR of 3.3 compared to non-users;
however, this finding was based on a very small subset of patients from a larger case-control
study.20 Nonetheless, it is possible that the use of PPIs in a select population of high-dose
corticosteroid users may reduce the risk of GI ulcer formation and bleeding. Prevention of
GI toxicity may not be an optimal strategy, however, if it is also associated with an
increased risk of other, potentially more common and equally morbid outcomes. Defining
the risks and benefits of PPI therapy among corticosteroid users is therefore a critical next
step in defining the best use of these drugs.

The combination of NSAIDs and corticosteroids has been consistently identified as a risk
factor for adverse gastrointestinal events,20, 28, 33 and gastroprotection is recommended for
patients receiving both NSAIDs and corticosteroids.18 Despite the significantly increased
OR for PPI use among NSAID users, however, the use of PPIs in NSAID-corticosteroid
recipients was very low (6.3%) even among those patients with the additional risk factor of
advanced age (1.2%). It is possible that some NSAID users were considered low risk
because of a short intended duration of use; however, the median duration of NSAID
exposure among this group was 8 months. Additionally, existing evidence suggests that
ulcer formation after aspirin or NSAID exposure occurs rapidly and is not dependent upon
duration of therapy.34, 35 Furthermore, our findings are consistent with past studies that
demonstrate that the use of gastroprotection among chronic NSAID users is often very
low.36–38 We also found that patients prescribed anti-platelet medications in addition to
corticosteroids were less likely to receive a PPI. These results suggest that the use of PPIs
could be more aggressively targeted to patients at risk for gastrointestinal toxicity.

Our study findings are also consistent with past work that highlights the role of in-patient
hospitalization in the initiation of PPI therapy. In our study, being hospitalized in the 30
days prior to initiating corticosteroid therapy was the strongest independent risk factor for
concomitant PPI initiation. The inappropriate use of PPIs for stress ulcer prophylaxis in the
in-patient setting as well as reflexive continuation of PPI therapy at discharge have been
well-documented in the literature.39–41 These practices have clear economic implications
and may also introduce an increased risk of complications among patients recently
discharged from the hospital.

This study has several potential limitations. First, we defined PPI initiation as occurring in
the first 30 days of corticosteroid initiation. It is therefore possible that PPIs were started in
some patients to treat dyspepsia related to corticosteroid therapy rather than as prophylaxis
for GI toxicity. This is unlikely to explain all or even a majority of PPI use given the
observed associations with co-morbid conditions and region which are more likely to reflect
physician’s perception of risk or regional variations in practice patterns than variations in
symptomatic dyspepsia. Second, we used insurance claims to define co-morbid diseases,
which may be subject to misclassification. Systematic misclassification seems unlikely,
however, and any resulting bias is likely to be towards the null. Third, we did not
differentiate between traditional non-selective NSAIDs and COX-2 selective NSAIDs. We
did this for two reasons. Dividing the NSAID users into smaller subsets would have resulted
in very small numbers for analysis, particularly among the COX-2 selective group. Also, it
is not clear from existing literature that COX-2 selective NSAIDs are by themselves
adequate gastroprotection in a population of patients also using chronic corticosteroids.
Finally, because we used prescription claims to define drug exposure, our analysis does not
include users of over-the-counter PPIs or NSAIDs. However, a secondary analysis of PPI
use by index year did not show any reduction in PPI use after omeprazole was approved for
over-the-counter use at the end of 2003, suggesting the majority of PPI use remained by
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prescription. Also, regarding NSAID users, our primary focus was to define the association
between PPI use and risk factors likely to be known to the prescribing physician.

Conclusions
The initiation of PPI therapy among new corticosteroid users is uncommon overall, but
significantly more common in important sub-populations. Patients with selected co-
morbidities, a higher burden of total co-morbid illness, and the highest doses of
corticosteroids are the most likely to be prescribed a PPI within 30 days of starting steroid
therapy. Many of these factors are also risk factors for fracture and community acquired
pneumonia; however, it is currently unknown whether co-therapy with a PPI and
corticosteroids results in an increased risk of these adverse events. Additionally, the use of
PPIs is, perhaps unsurprisingly, more strongly influenced by recent hospitalization than by
known risk factors for gastrointestinal toxicity associated with corticosteroids, most notably
the concomitant use of prescription NSAIDs. A clearer understanding of the potential
benefits of PPI therapy in patients at risk for GI toxicity as well as the potential risks for
significant toxicities associated with the combination of PPIs with corticosteroids is needed.
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Take home messages

• Proton pump inhibitors are not widely prescribed to corticosteroid users with
additional risk factors for gastrointestinal toxicity and in whom gastroprotection
is therefore indicated

• Proton pump inhibitors are preferentially prescribed to corticosteroid users with
known risk factors for fractures and community acquired pneumonia, outcomes
that have been associated with both corticosteroid and proton pump inhibitor
therapy

• Whether current prescribing practices increase the risk of additive or synergistic
toxicity merits further investigation especially among patients at low risk for
gastrointestinal complications of corticosteroid therapy.
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Figure 1.
Percentage of new corticosteroid users initiating PPI therapy according to the number of co-
morbid conditions present in the year prior to treatment (top) and corticosteroid dose
(bottom)
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Table 1

Characteristics of patients treated with corticosteroids alone and corticosteroids plus a proton pump inhibitor

Steroids alone
(n=12,699 pts)

Steroids + PPI
(n=1,050 pts)

P–value

Age in yrs (continuous) Mean 53.35 (SD 18.91) Mean 53.14 (SD 19.38) 0.74

Gender (female) 60.0% 52.4% <0.01

Geographic region
  Midwest†

  Northeast
  Southeast
  West

24.1%
18.1%
17.8%
40.1%

20.9%
18.9%
16.6%
43.7%

Corticosteroid dose (continuous) Median 10 mg (IQR 5–20) Median 20 mg (IQR 6.7–45) <0.01

Corticosteroid dose category (mg)
0–<5†

5–<10
10–<20
20–<30
30–<40
40–<50
50–<60
60–<70
70–<79
≥80

19.9%
19.3%
26.6

12.4%
6.1%
7.5%
1.2%
5.0%
0.2%
1.8%

17.0%
10.2%
18.5%
12.9%
7.2%
9.8%
4.3%
13.5%
1.0%
5.7%

<0.01

Number of comorbidities 1.02 1.66 <0.01

Number of comorbidities
0†

1
2
3
4
>5

40.2%
35.0%
14.2%
6.1%
2.7%
1.8%

23.9%
30.7%
20.0%
12.4%
7.4%
5.6%

<0.01

Rheumatoid arthritis 22.3% 12.7% <0.01

Asthma/Chronic obstructive pulmonary disease 10.2% 13.7% <0.01

Cough 9.5% 11.9% 0.01

Congestive heart failure 6.5% 17.1% <0.01

Obesity 1.8% 3.2% <0.01

Tobacco use 3.2% 5.7% <0.01

Alcohol abuse 0.6% 1.6% <0.01

Dementia 1.2% 1.6% 0.23

Gait imbalance or a history of falls 1.9% 3.3% <0.01

Coronary artery disease 10.5% 19.0% <0.01

Cerebrovascular disease 5.5% 10.5% <0.01

Peripheral vascular disease 2.3% 3.4% 0.02

Intestinal malabsorption 0.4% 1.1%

Chronic renal insufficiency 9.9% 33.4% <0.01

Endocrine disorders affecting bone metabolism 3.7% 6.2% <0.01

Disorders resulting in immunodeficiency 0.7% 1.6% 0.12

Inflammatory bowel disease 7.1% 7.2% <0.01

Osteoporosis 6.6% 7.0% 0.84
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Steroids alone
(n=12,699 pts)

Steroids + PPI
(n=1,050 pts)

P–value

History of seizures or syncope 3.9% 7.3% 0.66

Chronic liver disease 4.5% 13.2% <0.01

Nursing home admission in the past 12 months 3.5% 9.1% <0.01

Diabetes 12.9% 19.2% <0.01

Hospitalization in the past 30 days 14.0% 56.5% <0.01

History of GERD or peptic ulcer disease 7.2% 13.3% <0.01

Visits with a physician in the past year 7.1 7.5 0.10

Number of medications prescribed in the past year 7.1 7.8 <0.01

Use of anticoagulation 3.6% 6.8% <0.01

Use of anti–platelet medication 2.0% 2.1% 0.89

Use of NSAIDs in the prior 90 days 16.5% 9.5% <0.01

Use of NSAIDs concurrently 4.7% 3.8% 0.21

Prior use of H2RA 2.6% 3.3% 0.15

Use of immunosuppressive medications 13.1% 5.2% <0.01

Use of thyroid replacement hormone 10.5% 8.9% <0.01

Use of cardiovascular medications 31.0% 37.4% <0.01

Use of bisphosphonates or vitamin D supplements 11.4% 7.5% <0.01
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Table 2

Unadjusted and fully adjusted associations between patient characteristics and PPI initiation

Unadjusted OR 95% CI Adjusted OR 95% CI

Age in yrs (continuous) 0.99 (per yr increase) 0.99–1.00 1.00 1.00–1.01

Gender (female) 0.73** 0.65–0.83 1.00 0.86–1.15

Geographic region
  Midwest†

  Northeast
  Southeast
  West

--
1.21
1.08

1.26**

--
0.99–1.47
0.88–1.32
1.07–1.49

--
1.43**

0.99
1.31**

--
1.11–1.83
0.79–1.24
1.08–1.57

Corticosteroid dose category (mg)
0–<5†

5–<10
10–<20
20–<30
30–<40
40–<50
50–<60
60–<70
70–<79
≥80

--
0.62**

0.82
1.21
1.39*

1.54**

4.20**

3.17**

4.72**

3.68**

--
0.48–0.79
0.66–1.00
0.96–1.53
1.05–1.83
1.20–1.99
2.91–6.05
2.50–4.02
2.27–9.82
2.67–5.08

--
0.77
0.92
0.97
1.08
1.34

3.53**

2.05**

2.85*

2.13**

--
0.57–1.03
0.71–1.19
0.73–1.30
0.77–1.51
0.98–1.82
2.31–5.40
1.52–2.76
1.26–6.47
1.45–3.12

Number of co–morbid conditions‡ 1.44** 1.38–1.51 1.21** 1.13–1.28

Rheumatoid arthritis 0.51** 0.42–0.61 0.82 0.66–1.01

Asthma/Chronic obstructive pulmonary disease 1.40** 1.16–1.68 0.91 0.74–1.13

Cough 1.28* 1.06–1.56 0.89 0.71–1.11

Congestive heart failure 2.99** 2.51–3.57 1.25 0.99–1.57

Obesity 1.81** 1.26–2.61 1.14 0.76–1.71

Tobacco use 1.81** 1.37–2.39 1.15 0.84–1.56

Alcohol abuse 2.77** 1.63–4.71 1.08 0.59–1.57

Dementia 1.32 0.80–2.19 0.80 0.46–1.39

Gait imbalance or a history of falls 1.81** 1.26–2.59 0.96 0.63–1.45

Coronary artery disease 1.99** 1.69–2.34 1.21 0.97–1.50

Cerebrovascular disease 2.01** 1.63–2.49 1.11 0.86–1.43

Peripheral vascular disease 1.51* 1.06–2.15 0.86 0.58–1.28

Intestinal malabsorption 2.71** 1.44–5.08 1.05 0.52–2.13

Chronic renal insufficiency 4.55** 3.94–5.23 2.06** 1.73–2.46

Endocrine disorders affecting bone metabolism 1.73** 1.32–2.26 0.89 0.66–1.20

Disorders resulting in immunodeficiency 2.31** 1.37–3.89 1.27 0.71–2.26

Inflammatory bowel disease 1.03 0.80–1.31 0.88 0.67–1.16

Osteoporosis 1.06 0.83–1.36 1.25 0.94–1.66

History of seizures or syncope 1.94** 1.52–2.49 0.95 0.72–1.26

Chronic liver disease 3.21** 2.64–3.91 1.82** 1.45–2.28
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Unadjusted OR 95% CI Adjusted OR 95% CI

Nursing home admission in the past 12 months 2.75** 2.18–3.45 1.24 0.93–1.64

Diabetes 1.60** 1.36–1.88 1.10 0.90–1.33

Hospitalization in the past 30 days 7.94** 6.96–9.06 4.71** 4.02–5.52

History of GERD or peptic ulcer disease 1.97** 1.63–2.38 1.54** 1.24–1.91

Visits with a physician in the past year 1.01 1.00–1.01 1.00 0.99–1.01

Number of medications prescribed in the past year 1.02** 1.01–1.04 1.00 0.98–1.01

Use of anticoagulation 1.91** 1.48–2.48 1.24 0.92–1.67

Use of anti–platelet medication 1.03 0.66–1.60 0.57* 0.35–0.93

Use of NSAIDs in prior 90 days 0.53** 0.43–0.66 0.82 0.64–1.03

Concurrent use of NSAIDs 0.81 0.59–1.12 1.89** 1.32–2.70

Prior use of H2RA 1.30 0.91–1.85 1.00 0.67–1.47

Use of immunosuppressive medications 0.37** 0.28–0.48 0.61** 0.46–0.83

Use of thyroid replacement hormone 0.84 0.68–1.04 0.86 0.67–1.09

Use of cardiovascular medications 1.33** 1.17–1.52 0.90 0.76–1.07

Use of bisphosphonates or vitamin D supplements 0.63** 0.50–0.80 0.85 0.65–1.11

*
p-value <0.05

**
p-value <0.01

†
reference group

‡
Analyzed in separate model adjusted for age, gender, region, hospitalization, nursing home residency, frequency of physician visits, number of

drugs prescribed in the past year, corticosteroid dose, and the use of the following medications: anticoagulants, anti-platelet agents, NSAIDs (prior
and concurrent use separately), drugs to prevent bone loss, cardiovascular drugs, H2 receptor antagonists, thyroid hormone, and
immunosuppressants other than corticosteroids.
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