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Abstract

Background and aims: The elderly represent a growing demographic of patients with IBD. No
study has previously described variations in care or medication prescriptions in senior patients
with IBD. We compared prescription rates among elderly patients with IBD in four countries using
health administrative data.
Methods: Databases from the United States (US), United Kingdom (UK), Denmark and Canada
were queried. Variation in prescription rates between countries was assessed in patients
≥65 y with prevalent IBD who had ≥1 prescription for an IBD-related medication in a given
es; CD, Crohn's disease; DIN, Drug Identification Number; GPRD, General Practice Research Database;
, mercaptopurine; ODB, Ontario Drug Database; SASP, sulfasalazine; TR, Thompson Reuters; UC,
; US, United States.
d at Digestive Disease Week 2012, San Diego, CA, U.S.A. (May 20, 2012).
f Gastroenterology, Hepatology & Nutrition, Children's Hospital of Eastern Ontario, 401 Smyth Road,
613 737 2516; fax: +1 613 738 4854.

on.ca (E.I. Benchimol).

European Crohn's and Colitis Organisation. Published by Elsevier B.V. All rights reserved.
012.09.001

mailto:ebenchimol@cheo.on.ca
http://dx.doi.org/10.1016/j.crohns.2012.09.001
http://dx.doi.org/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.crohns.2012.09.001&domain=pdf


879International variation in medication prescription rates among elderly patients

D
ow
quarter between 2004 and 2009. Patients were identified using previously-reported,
validated algorithms. Country-specific rates were compared in each quarter using Fisher's
exact test.
Results: In patients with Crohn's disease, Canada and US had higher prescription rates for oral
5-ASA (Pb0.0001 in all quarters) and infliximab (Pb0.05 in 22/24 quarters), while the US had
higher rates of thiopurine usage (Pb0.05 in 23/24 quarters). Canada had greater rates of
methotrexate prescriptions (Pb0.05 in 21/24 quarters analyzed). In patients with ulcerative
colitis (UC), rates of oral steroid usage was lowest in the US (Pb0.05 in 22/24 quarters) and oral
5-ASA use was highest in the US and Canada (Pb0.0001 in all quarters). Canada and Denmark
used more rectal therapy than the US. Infliximab usage in UC was significantly higher in the US
and Canada after 2006.
Conclusions: Significant variation in medication prescription rates exists among countries.
Future research should assess whether these differences were associated with disparities in
outcomes and health care costs.
© 2012 European Crohn's and Colitis Organisation. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Low fertility and mortality rates are contributing heavily to
the aging of populations in developed nations. Countries with
the highest percentage of elderly individuals include the
United States (US), Canada, and the European countries.1 The
aging population has a huge impact on costs of health care
delivery. For example, in Canada alone in 2005, individuals 65
and older accounted for 13.7% of the population, but 60% of all
acute care service spending. It is therefore important to study
and optimize health care delivery to the elderly.2 Individuals
with inflammatory bowel disease (IBD) represent a chronic
disease population with a growing elderly component. Up to
1/3 of new cases of Crohn's disease (CD) occur in elderly
patients,3 and those with long-standing IBD are aging,
accounting for a large segment of elderly individuals living
with IBD. Little is known about the therapies used interna-
tionally in the treatment of IBD in the elderly. A recent study
of US hospital discharges showed that geriatric IBD patients
accounted for a disproportionate number of admissions; 25%
of all IBD-related hospitalizations in 2004.4 These admis-
sions were associated with substantial morbidity and
increased mortality when compared to younger patients.
As therapeutic agents have significant implications in both
cost and outcomes in IBD, it is important to study prescribing
patterns in the elderly and of interest to compare practice
patterns internationally.

While variations in care are ubiquitous in medical practice,
they can suggest variation in provider or patient preference,
regional differences in clinical practice guidelines, as well as
system-level differences such as financial reimbursement and
insurance policies.5 Additionally, identification of care varia-
tionmay facilitate observational and health services research to
better understand healthcare utilization, and drug safety in
future studies. Previous description of care variations in
children with IBD has prompted a quality improvement move-
ment which has positively impacted their outcomes.6,7 No such
assessment of variation in the care of elderly patients with IBD
has been undertaken. In this study, we used large, health
administrative datasets from the United States of America (US),
Canada, the United Kingdom (UK), and Denmark to assess
prescription variation among elderly patients with IBD.
2. Materials and methods

This study was approved by the research ethics boards of
participating institutions, or has been considered not to be
research on human subjects based on analysis of previously
collected and de-identified data. Data were shared in
aggregate without individual patient data shared across
jurisdictions.
2.1. Data sources

We used health administrative or primary care databases to
determine medication prescription rates for elderly patients
in four jurisdictions. Patients were identified using validated
combinations of diagnostic codes derived from both inpatient
(except in patients from the UK) and outpatient contacts with
their respective health systems. Data from the US were drawn
fromThompson Reuters (TR) MarketScan databases (Ann Arbor,
Michigan) including the Commercial Claims and Encounters
database (January 1, 2000–December 31, 2009), the Medicare
Supplemental and Coordination of Benefits database and
the Medicaid Multi-State external database (January 1,
2006–December 31, 2009). The TR Commercial data are
projectable to the US population covered by employer-
sponsored insurance (58% of population) and the TR Medicare
data are projectable to the U.S. population with Medicare and
supplemental insurance. US Medicare patients required supple-
mental pharmacy coverage to be included in the TR databases.
In 2007, 23% of the 44 million Medicare beneficiaries received
their drug benefits through an employer or union-sponsored
health plan. The database includes the Medicare-covered
portion of payment (represented as Coordination of Benefits
Amount), the employer-paid portion, and any out-of-pocket
patient expenses. The Medicaid data in the TR database are
representative of 12 geographically dispersed US states; these
states cannot be identified to ensure anonymity of the
population. The number of people N65 years (y) contained
within these databases who were eligible for this study ranged
from 193,534 to 338,036 from 2004 to 2006 and increased to
2,063,515 to 2,508,534 from 2007 to 2009. Patients with IBD
were identified using a previously-described algorithm.8,9
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Data from Ontario, Canada were derived from provincial
health administrative databases (Ontario Health Insurance
Plan and Canadian Institute for Health Information Discharge
Abstract Database) linked to a database of all prescriptions
filled by elderly patients in the province (Ontario Drug
Benefits (ODB) database) and the Registered Persons
Database. Ontario health administrative data comprise all
patients in the province with a valid health card (N99.7%
of Ontario's 12.8 million residents, with those N65 y con-
tained within the ODB database increasing from 1,663,774
in 2004 to 1,970,629 in 2009). Since 1991, all health care
contacts (inpatient, outpatient, emergency department
and surgical procedures) are tracked longitudinally for all
qualifying residents of the province. Patients with IBD were
identified using an algorithm validated in Manitoba10 and
previously applied across multiple Canadian provinces.11,12

Data from the United Kingdom were derived from the
General Practitioners Research Database (GPRD), a population-
based dataset derived from 629 primary care practices across
the UK and comprising approximately 10 million patients, of
whom 713,340 to 784,786 were elderly patients.13 Identifica-
tion is based on outpatient visits to general practitioners, with
coding for IBD cases validated previously using the OXMIS
coding dictionary.14 The newer and more detailed READ coding
system is now used.

In Denmark, IBD patients from the central and northern
regions (approximately 1/3 of the Danish population corre-
sponding to 1.8 million inhabitants) were derived from the
Danish National Patient Register using validated diagnostic
codes.15 Between 241,385 and 279,849 patients were elderly
in any given quarter. This registry includes information on all
outpatient visits since 1995, non-psychiatric hospitalizations
since 1977, and selected in-hospital treatments such as
biologic therapies. Prescriptions for Danish IBD patients were
identified in Aarhus University Prescription Database, which
include all reimbursed medication in the central and northern
Denmark regions beginning in 1989 (complete coverage from
1998).16

Diagnoses of Crohn's disease (CD) and ulcerative colitis
(UC) were derived using algorithms specific to the database
and jurisdiction of patient origin.8,14,17,18 Patients with
codes that could not distinguish the diagnosis of CD from UC
were excluded from this study. Details on each jurisdiction's
identification and classification algorithms are presented in
Supplemental Table 1.

To identify prescriptions in each database, Canadian
drug identification numbers (DINs) were adapted to the
appropriate jurisdictional codes and used to identify
IBD-related medications (see Supplemental Table 2 for DIN
codes used). Prescriptions for biologic therapies are not
available in the GPRD and therefore the UK was excluded
from these analyses. Additionally, there was negligible usage
of certolizumab, golimumab and natalizumab in all jurisdic-
tions and therefore these medications were not included in
the analyses.
2.2. Study design

We conducted a series of rolling cross-sectional comparisons in
each quarterly period from January 2004 through December
2009 (total 24 quarters). In each quarter, patients were
included in the study if they were prevalent cases of CD or UC
(or were newly diagnosed during that quarter), ≥65 y
(including those turning 65 years of age within that quarter)
and filled ≥1 prescription for any IBD-related medication.
Patients were excluded from analysis in a quarter if they had
not yet been diagnosed with IBD, had died, did not have an
IBD-related prescription, were b65y, or were not contained
within the database during that entire quarter (due to
emigration or loss of insurance coverage). Therefore a patient
could be included in some quarters but excluded from others,
and the patients included in each quarterly analysis were
different depending on qualifying criteria. We calculated
medication prescription rates for each IBD-related medication,
defined as the number of patients who filled a prescription for
that medication divided by the total number of patients who
filled a prescription for any IBD-related medication during that
quarter.

2.3. Statistical analysis

IBD-related medication prescription rates were computed
quarterly for each jurisdiction and compared between
jurisdictions for each quarter between 2004 and 2009.
Statistical comparisons between jurisdictions were performed
using the Fisher exact test, with P values of b0.05 being
considered significant. As different patients were included in
the numerator and denominator of each quarterly analysis,
each was considered a distinct analysis and no correction for
multiple testing was performed. However to providemeasures
of confidence in statistical comparisons, wherever P values
are noted, we provided the number of quarters (out of a
possible 24 quarters) with P values of b0.05, b0.01 and
b0.001. All statistical analyseswere performed using SAS v.9.2
(SAS Institute, Cary, NC).

3. Results

The proportion of patients with ≥1 prescription for an
IBD-related medication is described in Table 1. Quarterly,
approximately 54.7–73.0% of US patients, 43.2–47.7% of
Canadian patients, 34.1–38.0% of Denmark patients, and
47.2–57.7% of UK patients had at least one prescription.
In general, the proportion of patients treated with any
IBD medication remained stable for each jurisdiction be-
tween 2004 and 2009, except in the UK where approxi-
mately 10% more patients had at least one prescription in
later years. Prescription rates of commonly used medica-
tions are presented in Fig. 1 (for CD patients) and Fig. 2
(for UC patients).

3.1. 5-Aminosalicylates (ASA) and sulfasalazine (SASP)

Of patients with ≥1 prescription for any IBD-related medica-
tion, Canadian patients were most likely to receive an oral
5-ASA medication in any given quarter, with lowest rates in UK
patients (see Fig. 1b for CD patients and Fig. 2c for UC
patients). This was true for both CD and UC patients
(Pb0.0001 in all quarters between 2004 and 2009) until 2007
when Denmark patients with CD began having lower usage of
5-ASAs. Conversely, Canadian patients were less likely to



Table 1 The number of elderly patients with IBD identified in each jurisdiction by quarter 2004–2009, and the proportion of
patients with at least one prescription in each quarter 2004–2009. Quarterly comparison of medication prescription rates was
conducted on those with at least one prescription in that quarter.

Ontario, Canada Denmark UK USA

IBD
patients
≥65 y

Patients with
any IBD
prescription (%)

IBD
patients
≥65 y

Patients with
any IBD
prescription (%)

IBD
patients
≥65 y

Patients with
any IBD
prescription (%)

IBD
patients
≥65 y

Patients with
any IBD
prescription (%)

2004–Q1 9742 4596
(47.2%)

1481 527
(35.6%)

8067 3808
(47.2%)

304 201
(66.1%)

2004–Q2 9921 4653
(46.9%)

1508 561
(37.2%)

8119 3853
(47.5%)

278 167
(60.1%)

2004–Q3 10,046 4796
(47.7%)

1535 554
(36.1%)

8088 3931
(48.6%)

225 123
(54.7%)

2004–Q4 10,189 4583
(45.0%)

1553 581
(37.4%)

8053 3971
(49.3%)

171 96
(56.1%)

2005–Q1 10,339 4852
(46.9%)

1573 586
(37.3%)

8499 4158
(48.9%)

426 262
(61.5%)

2005–Q2 10,497 4831
(46.0%)

1602 608
(38.0%)

8431 4172
(49.5%)

373 243
(65.1%)

2005–Q3 10,631 4977
(46.8%)

1611 604
(37.5%)

8356 4152
(49.7%)

281 174
(61.9%)

2005–Q4 10,796 4849
(44.9%)

1632 603
(36.9%)

8294 4197
(50.6%)

200 126
(63.0%)

2006–Q1 10,994 5153
(46.9%)

1660 608
(36.6%)

8674 4391
(50.6%)

618 419
(67.8%)

2006–Q2 11,170 5237
(46.9%)

1683 625
(37.1%)

8579 4404
(51.3%)

902 648
(71.8%)

2006–Q3 11,334 5373
(47.4%)

1710 606
(35.4%)

8490 4306
(50.7%)

1314 943
(71.8%)

2006–Q4 11,469 5264
(45.9%)

1729 647
(37.4%)

8479 4438
(52.3%)

1614 1179
(73.0%)

2007–Q1 11,674 5485
(47.0%)

1808 657
(36.3%)

8903 4715
(53.0%)

2410 1671
(69.3%)

2007–Q2 11,873 5438
(45.8%)

1832 676
(36.9%)

8733 4583
(52.5%)

2631 1827
(69.4%)

2007–Q3 12,019 5673
(47.2%)

1852 685
(37.0%)

8644 4657
(53.9%)

2812 1967
(70.0%)

2007–Q4 12,172 5498
(45.2%)

1900 696
(36.6%)

8562 4679
(54.6%)

2927 2081
(71.1%)

2008–Q1 12,344 5732
(46.4%)

1917 712
(37.1%)

9092 4905
(53.9%)

3592 2468
(68.7%)

2008–Q2 12,525 5776
(46.1%)

1947 705
(36.2%)

8965 4925
(54.9%)

3657 2518
(68.9%)

2008–Q3 12,661 5894
(46.6%)

2007 708
(35.3%)

8838 4827
(54.6%)

3674 2513
(68.4%)

2008–Q4 12,766 5652
(44.3%)

2044 744
(36.4%)

8728 4884
(56.0%)

3671 2511
(68.4%)

2009–Q1 12,942 5972
(46.1%)

2061 743
(36.1%)

9311 5096
(54.7%)

3946 2633
(66.7%)

2009–Q2 13,107 6009
(45.8%)

2084 743
(35.7%)

9181 5167
(56.3%)

4033 2713
(67.3%)

2009–Q3 13,242 6065
(45.8%)

2114 743
(35.1%)

8963 5105
(57.0%)

4026 2670
(66.3%)

2009–Q4 13,361 5777
(43.2%)

2150 734
(34.1%)

8860 5110
(57.7%)

3922 2604
(66.4%)
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receive SASP or salazopyrin, with highest rates in UK patients
(Pb0.0001 in all quarters for both CD and UC). Over time,
patients from Canada and Denmark with CD were less likely to
be prescribed a 5-ASA, while prescription rates in the UK and
US were stable. Prescriptions of SASP remained relatively
stable over time.
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Prescriptions for rectal 5-ASA therapy were negligible in
patients with CD (data not shown). In UC, prescriptions for
rectal 5-ASA therapy were markedly higher in Denmark and
Canada than in the US and the UK, with very low rates in the
UK (see Fig. 2d, Pb0.0001 in all quarters between 2004 and
2009). Rectal therapy rates decreased over time in the US,
from 6.1–10.6% in 2004 to 5.1–6.6% in 2009. Rates remained
relatively stable over time in the other jurisdictions.

3.2. Systemic and topical corticosteroids

In patients with CD, prescriptions for oral systemic steroids
were higher in Denmark than other countries (see Fig. 1a,
Pb0.05 in 18/24 quarters, Pb0.01 in 12/24 quarters). Rates
were relatively stable over time. The quarterly prescription
rate for CD ranged in 2004 to 2009 from 25.3–33.5% in
Denmark, 18.6–23.3% in Canada, 20.3–33.3% in the US and
17.9–22.1% in the UK. In patients with UC, oral systemic
corticosteroid prescriptions were highest in the US (21.4–
35.9%), followed by Denmark (16.6–22.5%), with Canada
(14.6–17.1%) and the UK (14.3–16.3%) having similarly low
rates (see Fig. 2a, Pb0.05 in 22/24 quarters, Pb0.01 19/24
quarters, Pb0.001 in 18/24 quarters). Rates in UC were
stable over time. The use of budesonide in CD was highest in
the US (4.4–15.1%), followed by Denmark (3.4–8.8%), with
Canadian (0.7–1.6%) and UK (1.0–2.4%) rates being similarly
low (Pb0.01 in 24/24 quarters, Pb0.001 in 22/24 quarters).
Budesonide use in UC patients was negligible (data not
shown).

Rectal corticosteroid use mirrored that of rectal 5-ASA
therapy and remained stable over time. CD patients rarely
used rectal steroids (data not shown), but rates in UC patients
were significantly lower in the US compared with other
jurisdictions (see Fig. 2b, Pb0.05 in 21/24 quarters, Pb0.01
in 19/24 quarters, Pb0.001 in 13/24 quarters). Quarterly
prescription rates ranged from 4.8–7.7% in the UK, 3.2–8.2% in
Denmark, 4.0–6.4% in Canada and 0–2.6% in the US.

3.3. Immunosuppressive medications

For patients with CD, use of azathioprine or mercaptopurine
(MP) was consistently higher in the US than other jurisdictions
(see Fig. 1c, Pb0.05 in 23/24 quarters, Pb0.01 in 19/24
quarters and Pb0.001 in 18/24 quarters). Rates ranged from
15.8–34.8% in the US, 12.9–18.5% in Canada (with increasing
rates over time), 11.6–20.0% in Denmark (with increasing
rates over time), and 10.4–13.9% in the UK (with a slight
increase over time). In UC patients, rates were again highest in
the US (see Fig. 2e, Pb0.05 in 22/24 quarters, Pb0.01 in 21/24
quarters, Pb0.001 in 19/24 quarters). Rates ranged from 10.2–
26.2% in the US, 6.4–10.6% in Canada (with increasing rates
over time), 7.3–10.9% in Denmark, and 5.6–7.4% in the UK.

For methotrexate, prescription rates among CD patients
were consistently higher in Canada with an increased
difference compared to other jurisdictions in later years
(see Fig. 1d, Pb0.05 in 21/24 quarters, Pb0.01 in 18/24
quarters, Pb0.001 in 12/24 quarters, and Pb0.001 in all
quarters after 2007). Canadian methotrexate prescription
rates were 3.0–3.3% in 2004, and increased to 6.0–6.5% in
2009. Danish prescription rates increased from 0.7–2.1% in
2004 to 4–5.5% in 2009. American prescription rates remained
stable and ranged from 1.4–5.9% and UK rates ranged from
1.3–3.1%. Methotrexate prescriptions were lower in UC
patients and not significantly different between jurisdictions
(Pb0.05 in only 2/24 quarters). Rates were 1.5–2.0% in
Canada, 1.6–3.6% in Denmark, 1.4–2.0% in the UK and 1.2–6.1%
in the US.

Prescription rates for tacrolimus or cyclosporine in patients
with CDwere b0.5% in every quarter for all jurisdictions except
the US (range 0–2.3%). Similarly, usage of tacrolimus and
cyclosporine in UC patients was consistently b0.5% except in
the US where rates ranged from 0.8–3.0% (Pb0.05 in 16/24
quarters, Pb0.01 in 8/24 quarters, Pb0.001 in 5/24 quarters).

3.4. Biologic therapies

Records of biologic prescriptions (infliximab or adalimumab)
were not available for UK patients. Prescriptions of biologics
were consistently higher in the US than in Canada or Denmark
(Pb0.05 in 22/24 quarters, Pb0.01 in 21/24 quarters,
Pb0.001 20/24 quarters) and have increased over time. For
CD patients, rates increased from 1.8–7.9% in 2004 to 12.7–
15.2% in 2009 in the US (see Fig. 1e). Similarly in Canada, rates
increased from 1.2–1.8% in 2004 to 5.4–5.9% in 2009. In
Denmark, rates increased from 0% in 2004 to 1.7–2.9% in 2009.
For UC patients, infliximab prescription rates were b1% per
quarter until 2006 when increased utilization was noted in the
US and Canada (see Fig. 2f). For the US, prescription rates were
stable, and were 3.5–5.7% in 2006 and 4.2–5.3% 2009. Rates
increased in Canada from 0.2–0.4% in 2006 to 1.2–1.7% in 2009.
Rates in Denmark remained relatively stable (0.2–0.4% in 2006
and 0.2–0.5% in 2009). There were significant differences
between jurisdictions from 2006 onward (Pb0.0001 in 16/24
quarters, and all quarters after Q1-2006; PN0.05 in all quarters
before Q1-2006).

Adalimumab prescriptions were insignificant before 2007
and then increased most rapidly in the US followed by
Denmark and Canada. In patients with CD, prescription rates
in the US were 2.0–3.1% in 2007 and 4.9–6.0% in 2009. Rates in
Denmark were 0.6–1.6% in 2007, and 1.2–2.3% in 2009. Rates
in Canada were 0.1–0.2% in 2007, and 1.4–1.8% in 2009. In CD
patients, rates were significantly different between jurisdic-
tions (Pb0.05 in 14/24 quarters, and Pb0.001 in 12/12
quarters after Q1-2007). Similarly, adalimumab prescriptions
in UC patients were highest in the US (Pb0.05 in 12/24
quarters, and Pb0.001 in 9/12 quarters after Q1-2007). Rates
of adalimumab prescriptions were much lower in UC with all
jurisdictions reporting rates of b1% in all quarters except in
2009 in the US where rates ranged from 1.2–1.6%.

4. Discussion

In 2009, the UK Department of Health convened the “Extent
and Causes of International Variation in Drug Usage”
Steering Group. The resulting RAND Europe report reviewed
the literature on this topic and found literature in six chronic
diseases.19 IBD was not included in the report due to lack of
evidence. To our knowledge, this is the first study to
compare medication prescription rates in large international
IBD populations. We found a high degree of variability in IBD
medication prescription rates across four countries, with an
overall trend of rising rates of immunosuppressive and



Figure 1 International medication prescription rates per quarter for patients with Crohn's disease. *Pb0.05, **Pb0.01, ***Pb0.001.
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biologic medication prescription rates. The RAND report
concluded that international variation in medication usage is
likely multifactorial, encompassing system-level factors,
service organization and delivery, and clinical practice
variation.19 Similarly, in elderly patients with IBD, many
factors may have contributed to the variability among
prescription rates. Firstly, patient and provider preference
may determine therapeutic decisions. Tolerance for poten-
tial adverse effects, interpretation of efficacy studies and
cultural differences may have all played roles. Additionally,
variability in medication usage may arise from differences in
systems of healthcare delivery and financing, with each
country having different policies for medication coverage
and health insurance. For example, low rates of budesonide
usage in Canada may be secondary to its restricted access by
public drug programs in Ontario (and other provinces).20

Moreover, variation in published treatment guidelines, local
expertise and pharmaceutical industry marketing techniques
may all have impacted on differences in rates. Finally, variation
in prescription rates may be associated with differences in
quality of care5,21 andmay represent an area of focus for future
quality improvement initiatives.

There was marked variation in 5-ASA and SASP prescription
rates across the four countries. Interestingly, there continues
to be a high rate of usage of these medications among patients
with CD, despite limited evidence for their efficacy.22–24 The
rate of usage decreased gradually over time in most ju-
risdictions, however 60–70% of CD patients had prescriptions
for 5-ASA or SASP in any given quarter. As expected, usage of
5-ASA and SASP was higher in UC patients, with 75–85% (of
those receiving any medication) filling a prescription in any
given quarter, with no evidence of decreasing prescription
rates in UC. Interestingly, therewas a high degree of variability
of rectal therapy (either 5-ASA or topical corticosteroids) in UC
patients, with greater uptake in Denmark and Canada (15–20%
of patients), and very low utilization in the US (7–10%). This
may represent cultural differences in the acceptance of rectal
therapy, physician preference, and/or a difference in disease
extent.

Immunosuppressive and biologic utilization also varied
significantly among jurisdictions, with a temporal trend
toward increased usage in all regions. Patients in the US had
markedly increased rates of azathioprine/6-MP and biologic
use compared with other jurisdictions, although use of
biologics in Canada and Denmark increased in recent years.
When use of azathioprine, 6-MP and methotrexate are taken
together for CD patients, Canada appeared to have similar
utilization of immunosuppressives compared with the US.
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This was due to greater use of methotrexate in Canada
compared with other countries, perhaps because early
efficacy studies of methotrexate originated in Canada.25
Figure 2 International medication prescription rates per quar
***Pb0.001.
Unfortunately, the increased use of these medications in
recent years was not associated with decreased use of
systemic corticosteroids over time. While Denmark (the
ter for patients with ulcerative colitis. *Pb0.05, **Pb0.01,
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country with the lowest use of immunosuppressives and
biologics) had the highest rate of corticosteroid utilization in
CD patients, patients with UC in the US had the highest rates
of steroid use despite higher rates of azathioprine and
infliximab. Therefore, the higher use of biologic therapy in
the US warrants further investigation, particularly to assess
whether this more aggressive approach is associated with
improved outcomes.

Overall in 2009, 15.8–28.2% of CD patients were on an
immunosuppressive (either azathioprine or methotrexate),
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while 1.7–15.2% were on a biologic (either infliximab or
adalimumab). Of UC patients, 9.1–22.8% were on an
immunosuppressive, while 0.7–6.9% were on a biologic.
These rates of biologic and immunosuppressive use in the
elderly are considerably lower than the rates we described
recently for children using similar methodologies and
databases.26 In children with CD, 42.9–82.2% were on an
immunosuppressive in 2009, while 17.8–30.9% were on a
biologic. In children with UC, 22.2–61.5% were on an
immunosuppressive, while 3.3–19.2% were on a biologic.26

The lower rates among elderly IBD patients may be related
to a number of factors. It may be that the elderly have
milder disease warranting less therapy. It is also possible
that providers question efficacy due to limited data in
elderly patients, or are concerned about side effects of
these medications in older individuals. There are little
safety data specifically in this population. In the rheumatoid
arthritis (RA) population, 72 patients over the age of 65 were
treated with infliximab in one trial without increased
complications.27 However, randomized controlled trials are
likely too short in duration, too specific in inclusion criteria,
and too small to detect all complications in elderly patients.
A systematic review of the risk of dying from sepsis with
infliximab found the risk to be 4/1000 patient years, with
increased risk associated with older age, comorbidities,
corticosteroids or narcotics, and long-standing disease.28–30

With increasing age, there is also an increased risk of non-
Hodgkin's lymphoma and non-melanoma skin cancer associated
with immunomodulators and anti-TNF biologics.31,32 It is
possible that these factors limited the choice for immunosup-
pressives and biologics by older individuals or their physicians.
Poly-pharmacy may also be a concern in elderly patients.
Indeed while 43.2–47.7% of Ontario IBD patients in our study
had at least one prescription for an IBD-related medication,
88.8–92.5% of patients had a prescription for any medication
(data not shown), indicating that most elderly IBD patients are
on medication for other conditions. A recent study from the US
found that the mean number of drugs regularly used by the
elderly population with IBD was 7.0±3.5.33

Use of claims data allowed for assessment of large
numbers of patients over a prolonged period of time in
geographically diverse regions, which may be subject to
variations in care provision by many different types of care
providers (e.g. primary care physicians, gastroenterologists,
surgeons, etc.). Unfortunately, the data do not allow assess-
ment of medication adherence. In the case of Canada, the US
and Denmark, rates of prescription filling were measured,
rather than rates of written prescriptions. Conversely, the
GPRD collects prescriptions in the UK written by general
practitioners, or those patients are noted to be taking
(prescribed by a specialist) upon contact with their general
practitioner, but not dispensation by pharmacies. This differ-
ence may have led to different usage rates. However, the
overall proportion of patients with a prescription written in the
UK was not significantly different from prescription fill-rates in
Canada, and rates in the UK and Canada were between
prescription-fill rates of Denmark and the US (Table 1).
Additionally, rates of complete medication non-compliance
for prescribed immunomodulators and biologics have been
found to be low (3–4%), demonstrating that medications are at
least filled in the vastmajority of cases.34,35 The indications for
medication prescriptions could not be determined from the
data. This may have led to an overestimation of some
medications such as cyclosporine (used in transplant recipi-
ents) or methotrexate and biologics (used in arthritis patients).

This study is limited in a number of other ways. The
administrative databases in Denmark and Ontario, Canada
include all individuals within a given population and the GPRD
in the UK collects a representative population from general
practices. Notably, the GPRD does not include inpatient
prescriptions or those written by discharging physicians, and
therefore ratesmay underestimate acute therapies. However,
a medication would be recorded if the patient continued it
until their first visit to the general practice. The US database
used in this study, although large, does not represent a
random sample of the US elderly population. Medicare
patients were included in the database only if they had
supplemental pharmacy coverage. In 2007, this represented
approximately 23% of the US Medicare population, and
therefore the US data is not considered population-based.
This study could not include IBD patients who did not have
contact with the health system or who were uninsured,
however this would make up a very small proportion of seniors
in three of four jurisdictions as Denmark, the UK and Canada
have universal coverage for legal residents. Patients provided
with medication supply of more than 6 months would have
registered as not having been given that medication in the
quarter following their initial prescription. However, we were
able to provide a snapshot of the IBD population on a cross-
sectional basis for each quarter between 2004 and 2009.
Therefore, these biases should balance over time and patients
receiving a medication missing from the prescription data-
bases in a given quarter would reappear in a subsequent
quarter.

Misclassification bias is always a concern when using
health administrative data to assess patients with a chronic
disease.36 Any study using administrative data to examine
elderly patients with IBDmay risk misclassification of ischemic
or infectious colitis as chronic IBD. These are typically
self-limited, may not require any specific therapy and
therefore may have resulted in lower than expected prescrip-
tion rates. We identified patients with IBD using validated
algorithms and included patients only if they had a prescrip-
tion for an IBD-related medication during each quarter
examined. This minimized the amount of misclassification of
non-IBD patients as having IBD, however may have resulted in
a cohort comprising patients with more severe disease, since
many mild IBD patients may not receive medications for long
periods of time. This may explain our high rates of medication
utilization compared with a recent study of a 20-hospital
setting in Pittsburgh.33 However, that study only included
medications if they were taken continuously for six or more
months, examining maintenance or chronic therapies and not
short-term or induction prescriptions. Nevertheless the trends
described were similar to our study: high use of 5-ASA in both
CD and UC (44% of their cohort), high use of chronic systemic
corticosteroids (31.6%), low use of rectal corticosteroids
(4.8%), and low use of immunosuppressives (5.6% azathioprine,
1.3% methotrexate) and biologics (1.3% infliximab, 1.3%
adalimumab).33 Additionally, the relatively lower usage of
biologics and immunomodulators (particularly in Denmark)
may have been due to lower sensitivity of codes used to
identify prescriptions of those medications. While these have
not been validated, a recent assessment of the codes for
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bisphosphonates using the same Danish database revealed a
high positive predictive value but lower sensitivity.37 If lower
sensitivities are found for the codes of other infusion
medications (such as infliximab), wemay have underestimated
biologic prescription rates in Denmark.

In summary, we described variability in medication
prescription rates in elderly patients with IBD in Canada,
Denmark, the UK and the US. This variability may be due to
differences in quality of care, adherence to clinical guidelines,
patient or physician preference, concern about adverse
events and poly-pharmacy, or pharmaceutical industry
marketing trends. There were high rates of 5-ASAs and
corticosteroids, with relatively low (but increasing) rates
of immunosuppressives and biologics. Future pharmaco-
epidemiologic research should focus on the reasons behind
this variability, assessing for adherence, appropriateness and
quality, in order to develop quality improvement programs for
the growing population of elderly patients with IBD. Addition-
ally, future research could assess whether this variation in
medication prescriptions rates is associated with differences in
clinical outcomes.

Supplementary data to this article can be found online at
http://dx.doi.org/10.1016/j.crohns.2012.09.001.
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