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Background: Citalopram is the most commonly prescribed antidepressant in Canada. Concerns
have been raised about its cardiac safety, and a dose-dependent prolongation of the QT interval
has been documented. Drug interactions involving concomitant use of other medications that
prolong the QT interval or increase citalopram levels by interfering with its metabolism increase
the cardiac risk. Regulatory bodies (Health Canada and the US Food and Drug Administration)
issued warnings and required labeling changes in 2011/2012, suggesting maximum citalopram
doses (<40 mg for those <65 years; <20 mg for those =65 years) and avoiding drug interactions
that increase cardiac risk. The purpose of this study is to assess the impact of these warnings
on citalopram prescribing practices.

Methods: A quasi-experimental interrupted time series analysis was conducted using all
citalopram prescribing data from the population of Manitoba, Canada from 1999 to 2014. This
allowed for the examination of high-dose prescribing (above regulatory warning levels) and
the number of interacting medications per citalopram prescription.

Results: There was a dramatic decline in the prescribing of high doses in both age groups,
with a 64.8% decline in those <65 years and 33.6% in those =65 years. Segmented regres-
sion models indicated significant breakpoints in the third quarter of 2011 for both age groups
(P<<0.0001), corresponding to the time the regulatory warnings were issued. There appeared
to be no impact of the warnings on the prescribing of interacting medications. The number of
interacting medications actually increased in the postwarning period (<65, 0.78—0.81 interac-
tions per citalopram prescription; =65, 0.93-0.94, P<<0.001).

Conclusion: Regulatory changes appear to have produced an important reduction in the high-
dose prescribing of citalopram. In contrast to this relatively simple dosage change, there was
no indication that the more complex issue of resolving drug—drug interactions was impacted
by regulatory warnings.

Keywords: citalopram, QT prolongation, safety warnings, interrupted time series

Introduction

Major depressive disorder is a relatively common, serious mental illness, with lifetime
prevalence of 9.9%.! The most common pharmacological treatments for depression
in Canada are the selective serotonin reuptake inhibitors (SSRIs), which were intro-
duced to the Canadian marketplace in 1989. It was hoped that SSRIs would offer an
equivalent efficacy but avoid the problems associated with older antidepressants: the
sedative, anticholinergic side effects and cardiac toxicity of tricyclic antidepressants,
and the strict dietary restrictions and the possible fatal drug interactions for monoamine
oxidase inhibitors. The SSRI citalopram (Celexa®, Forest Laboratories, Inc., New York,
NY, USA) was introduced to the Canadian market in 1999 and has risen to become
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the most commonly prescribed antidepressant in Canada.
Citalopram is now the 11th most commonly prescribed drug
of any class, with an estimated 7,302,000 prescriptions filled
in Canada in 2012.2

Unfortunately, postmarketing assessment has raised
some concerns about the cardiac safety of citalopram. There
is an increasing body of evidence showing that citalopram
interferes with heart conduction and prolongs the QT inter-
val in a dose-dependent way.® QT interval prolongation is
associated with an increased risk of torsade de pointes (TdP),
a life threatening cardiac arrhythmia and sudden cardiac
death. Postmarketing evidence includes case reports, phar-
macovigilance studies, and pharmacoepidemiological studies
in a variety of countries, which have shown a relationship
between higher doses of citalopram and QT prolongation,
TdP, and sudden cardiac death.*” In addition, studies looking
at several SSRIs together have found that this is not a class
effect, and that citalopram differs significantly from the rest
of the drugs in this class.®’

Realization of the possible cardiac effects of citalopram
has led to increased focus on its potential drug interactions.
Citalopram has a long half-life (~37 hours), allowing for once
daily dosing. It undergoes extensive hepatic metabolism,
primarily by CYP3A4 and CYP2C19, and to a lesser extent
by CYP2D6."° Any medication that inhibits these enzymes
will decrease citalopram metabolism, increasing the potential
cardiac risk because of the dose-dependent impact on the QT
interval. In addition, there are a large number of other medica-
tions that are known to prolong the QT interval. Concomitant
use of multiple medications that prolong the QT interval is
thought to have additive effects on the heart.

In response to these concerns, Health Canada issued an
initial advisory in October 2011 acknowledging a potential
link between citalopram, QT prolongation, and TdP."! This was
followed by a formal warning in January 2012 that included
labeling changes for citalopram in regard to QT prolongation

and the risk of TdP. The maximum recommended daily
dose was lowered to 40 mg for those under 65 years of age.
A maximum of 20 mg was recommended for those 65 years
and older, those with hepatic impairment, and those taking
drugs that inhibit CYP2C19.!> A similar warning process
occurred in the United States with the US Food and Drug
Administration (FDA) MedWatch communication and label-
ing changes in August 2011, and a revised recommendation
in May 2012 (Figure 1).13

Historically, the impact of such advisories and warn-
ings on the prescribing practices has been limited.'* One
example of this limited response was the commonly pre-
scribed gastrokinetic agent, cisapride (Propulsid®, Janssen
Pharmaceuticals, Inc., Titusville, NJ, USA). Cisapride
also causes dose-related QT prolongation that is enhanced
by drug interactions. In 1995, the FDA issued a black
box warning for cisapride regarding the use of cisapride
with interacting medications. A second warning was
issued in 1998, expanding the list of contraindications to
cisapride. Despite these warnings, the number of cardiac
events associated with cisapride continued to increase,
and use in persons with contraindications was essentially
unchanged.!>!¢ Due to the ineffectiveness of educational
interventions and warnings to limit the inappropriate use
of cisapride, the drug manufacturer voluntarily withdrew
cisapride from the market in 2000. Other medications
have followed a similar path to withdrawal (terfenadine,
astemizole, mibefradil).'” A systematic review of the
impact of safety regulatory warnings found that only 41%
of interrupted time series analyses reported an impact.'*
To the best of our knowledge, there has been no previous
major population assessment of the impact of the regula-
tory warnings on citalopram prescribing.

In this study, we examined the impact of regulatory body
intervention (ie, public warnings, labeling changes) on the
prescribing patterns of citalopram, with a quasi-experimental
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Figure | Citalopram regulatory timeline.
Abbreviation: FDA, US Food and Drug Administration.
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interrupted time series analysis using real-world population
level administrative data.

Methods

In a cohort of all users of citalopram aged 18 or older, we
examined citalopram dosage and use of interacting medica-
tions over a 15-year period (April 1, 1999 to March 31, 2014)
in Manitoba, Canada (population 1.2 million). This time
frame includes the interval within which the Health Canada
and FDA warnings were issued. Data were obtained from
the Drug Program Information Network (DPIN) through the
Manitoba Centre for Health Policy. The DPIN is a central-
ized system used to process outpatient prescriptions and
claims to the universal provincial medication insurance plan
(Pharmacare) and third-party insurers. It contains records for
almost every outpatient prescription dispensed in Manitoba.
Approval for this study was given by the University of Mani-
toba Health Research Ethics Board and the Manitoba Health
Information Privacy Commission.

The daily dose of citalopram was calculated for each
prescription based on tablet strength, quantity dispensed, and
duration of the prescription. Records with null values in the
quantity dispensed field were removed as part of the data clean-
ing process. Daily doses for such prescriptions are not calcu-
lable, but due to their small number (n=77) they would not be
expected to impact the study results. In cases where individuals
received two prescriptions of different strengths of citalopram
on the same date, the dose was interpreted to be the sum of the
dispensations, and a single derived prescription replaced the
two original records. We classified citalopram prescription as
either high dose or appropriate dose. High dose was defined as
exceeding the January 2012 Health Canada advisory maximum
daily dose of 40 mg/day for persons less than 65, and over
20 mg/day for persons 65 years of age and over. The percentage
of all citalopram prescriptions within each fiscal quarter that
were high dose was then calculated by age group.

We constructed our interaction list using two primary data
sources: the QTDrugs List® (including drugs with a “Known
Risk” or “Possible Risk” of TdP)'® and the Lexi-Drugs®
drug information system interactions (including “X — avoid
combination” or “D — consider therapy modification”)."
The amalgamated list included all medications that either
caused QT prolongation or produced a metabolic interac-
tion resulting in decreased citalopram clearance. Concurrent

Segmented regression analysis was used to examine the
effect that the Health Canada and FDA warnings had on
high-dose prescribing. The primary outcome considered
was the proportion of citalopram prescriptions above the
recommended maximum dose before and after the Health
Canada warning. This outcome was chosen as an outcome to
avoid the issue of seasonality typically seen in antidepressant
usage.”’ As a secondary outcome, we compared the mean
number of interacting medications associated with each
citalopram prescription before and after the Health Canada
warnings were issued.

All analyses were done using SAS 9.4® (SAS Institute
Inc., Cary, NC, USA).

Results

Between 1999 and the end of March 2014, there were
2,587,741 citalopram prescriptions dispensed in Manitoba.
These were dispensed to 130,748 unique persons, providing
just over 219,000 patient-years of antidepressant therapy.
Of these, 78.2% (102,279) were under the age of 65. The
remaining 21.8% (28,469) were 65 years of age or older. The
number of citalopram users rose continuously throughout
the entire study period in both age groups (Figure 2). The
mean dose prescribed differed significantly between age
groups. Persons under 65 were prescribed a mean daily
dose of 29.66 mg (95% confidence interval [CI], 29.64—
29.69), compared with 21.50 mg (95% CI, 21.25-21.75)
for those 65 and older, a difference of 8.17 mg (95% CI,
7.91-8.42).
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The proportion of citalopram prescriptions that were high
dose is depicted in Figures 3 and 4. There was a modest rise
in the percentage of high-dose citalopram prescriptions in
both age groups until the warnings about higher dosages
were issued in 2012. There is a clear drop in the percentage
of high-dose citalopram prescriptions in 2012, immediately
following the Health Canada warnings. In persons 65 years
of age or older, the high-dose use dropped by 33.6%, from a
high 0f28.3% immediately prior to the warning, to 18.8% by
2014. The drop in high-dose use in those less than 65 years
was more pronounced at 64.8%, from a high of 14.5% to a
low of 5.1% after the warning.

We further assessed the impact of the Health Canada
warning on prescribing with segmented regression models.
The model for the <65 age group provided a good fit to the
data and was highly significant (F,, =346.34, P<0.0001),
with a significant breakpoint in the third quarter of 2011
(P<0.001) (Figure 3). Similarly, the model for the =65 age
group was also significant (F,,, =80.91, P<0.0001), again
with a breakpoint in the third quarter of 2011 (P<<0.001)
(Figure 4). The abrupt change in the direction of the trend,
from increasing or plateauing to a sharp drop, argues in favor
of an effect of the dose warnings on the prescribing patterns
of citalopram.

The mean number of interacting drugs per citalopram
prescription increased steadily over the study period from
0.61 interactions per prescription in 2000 to 0.87 interactions
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Figure 3 Segmented regression of percentage of high-dose citalopram prescriptions
(<65 age group).
Abbreviation: Cl, confidence interval.
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Figure 4 Segmented regression of percentage of high-dose citalopram prescriptions
(=65 age group).
Abbreviation: Cl, confidence interval.

per prescription in 2013 (Figure 5). There was no apparent
impact of the warnings on the prescribing of interacting
drugs, and segmented regression analysis failed to reveal
any breakpoint in the data. An examination of the number
of interactions before and after the warnings showed a
small but statistically significant increase in the number of
interactions per citalopram prescription in both age groups
(Figure 6).
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Figure 5 Number of interacting drugs per citalopram prescription.
Abbreviation: Rx, prescription.
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Figure 6 Citalopram interactions before and after regulatory warnings.

Discussion

Despite the lack of response that has been seen with some
previous regulatory warnings related to QT prolongation,
there was a substantial reduction in the proportion of high-
dose prescriptions following warnings regarding citalopram
(Figures 3 and 4). For those under age of 65, high-dose pre-
scriptions fell to 5.1% of total prescriptions. While a decline
was also seen for those 65 years and older, the absolute level
of high-dose prescribing remains substantial in this group at
18.8% of citalopram prescriptions. Given that cardiac events
generally and QT prolongation specifically occur more fre-
quently in older adults,?! this level of high-dose prescribing
remains a concern. The higher risk for older adults is the rea-
son that the warnings dictate a lower maximum dose (20 mg)
for those 65 years and older. Therefore, although lower
average doses (21.50 mg for =65; 29.66 mg for <65) were
used in older adults, a greater proportion of the citalopram
prescriptions were above the recommended maximum dose.
A similar pattern of results was seen in a small study from
England which also showed significant changes in citalopram
prescribing following the FDA warnings, but a much smaller
change in persons over the age of 60.%

The number of citalopram users continued to grow
throughout the study period (Figure 2), including the period
after the regulatory warnings. The series of warnings from late
2011 to early mid 2012 coincides with the observed decline
in the percentage of high-dose citalopram prescriptions.
Segmented regression analysis suggested the breakpoint for
the decline near the end of 2011 in the midst of the warning
period (Figure 1). There appears to be an increased sensitiv-
ity to safety issues currently than seen in the past, and an
appropriate and sizeable change in prescribing practice in
response to the relatively passive educational intervention

of warnings and labeling changes. However, a reduction of
dosage is a relatively simple intervention, and this may have
facilitated the robust response.

The regulatory warnings included information on both
dosage and drug interactions. Unfortunately, we found no
evidence of a response to the citalopram warning related to
interactions. In fact, the number of interactions per citalopram
prescription actually increased in the postwarning periods.
Responding to warnings regarding interactions is more
complicated than simply decreasing the dose. Such changes
may involve multiple prescribers, and clinicians are known to
struggle with the clinical relevance of drug interactions and
suffer from alert fatigue related to such issues.**** It would
appear that despite the good intentions seen in reducing cit-
alopram dosages, the response to the regulatory warning runs
into barriers when the required action is less straightforward.
A study of 333 patients from one English center also failed
to show that prescribers adequately addressed the issue of
medications interacting with citalopram in the postwarning
period.?

The study had a number of limitations. Citalopram
use in hospitals was not included in the study. However,
given that depression is primarily treated on an outpatient
basis, the study captures the vast majority of citalopram
use in Manitoba. The study captures population level use
in Manitoba. There is no reason to expect that Manitoba
would be different than other Canadian provinces, but cau-
tion should be taken in generalizing these results to other
jurisdictions. The study also failed to directly assess the
impact of high-dose prescribing on QT prolongation or its
associated detrimental cardiac outcomes.

Not all available data supports the clinical relevance of
the FDA/Health Canada warnings.?* Some pharmacoepide-
miological data have failed to find a significant increase in the
risk of negative cardiac outcomes compared to other SSRIs.*
This subtext may limit the response to these warnings by
some clinicians. Furthermore, depending on patient history
and response to therapy, continued high-dose citalopram
therapy may be appropriate in selected patients.?**’ Individual
assessment of benefit and risk is necessary, and zero high-
dose citalopram therapy may not be a realistic goal.

Overall, the results are encouraging for the safety of
patients with a demonstrated dramatic change in prescrib-
ing patterns in response to a regulatory warning. Citalopram
appears to provide a positive example of an appropriate
response to a regulatory warning. There do, however, appear
to be limitations to the response. The complexity of deal-
ing with drug interactions seems to have limited the safety
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response of clinicians. This may reflect the reality of the
limitations of the processes we have for dealing with drug
interactions. Passive educational regulatory drug warnings
may facilitate simple prescribing changes, but more complex
changes are likely to require more robust interventions and
support measures to ensure safe practice.
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