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Traditional methods to standardize exposures in pharmacoepidemiologic studies, like
defined daily-doses, may be inadequate to capture drug class effects when there are many
in-class medications, formulations, and administration routes. Antipsychotic medications
are one example of a drug class with these complexities. Direct dose conversion methods
are pharmacologically-based but often overlooked, potentially for lack of real-world
guidance and examples of their implementation. The purpose of this article is to
describe a method to implement dose conversion, using an example study that
quantifies antipsychotic use among a cohort of older adults with dementia. We
identified 45,442 older adults (aged ≥66 years) with dementia initiating antipsychotic
therapy between January 1, 2009 and December 31, 2012 in Ontario, Canada using
linked administrative healthcare databases.We developed and applied a data cleaning and
dose conversion algorithm to quantify antipsychotic exposure in chlorpromazine dose
equivalents at initiation, month 6, and month 12 of therapy. Results were stratified by route
of administration. At initiation, 14% of patients received multiple antipsychotic
prescriptions simultaneously. Patients initiating regular injectable and multiple
administration routes received the highest median chlorpromazine equivalent daily-
doses. Data cleaning changed 3, 16, 36, and 42% of total equivalent daily-doses in
patients initiating oral, regular injectable, long-acting injectable, and multiple administration
routes, respectively. Dose conversion of prescription claims data was a feasible method to
quantify and present antipsychotic drug exposures. Dose conversion methods can be
considered for drug effects studies of antipsychotic therapies and other medication
classes with complex use.
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INTRODUCTION

A challenge in pharmacoepidemiology is the ascertainment of
drug exposures from prescription claims. Exposure assessment is
further complicated when studying effects of an entire drug class,
as some standardization, combination, or other manipulation of
in-class exposure measurements is required. The following
criteria pose particular difficulty for exposure assessment
within a drug class: 1) the class contains many drugs, 2) in-
class agents are available in multiple dosage forms and routes of
administration, and 3) patients may be exposed simultaneously to
multiple drugs within the class. Antipsychotics, benzodiazepines,
and opioids are examples of drug classes with these complexities.

To illustrate the challenges of summarizing drug-class
exposures, we present antipsychotic medications as an
example. The use of antipsychotics to treat behavioural and
psychological symptoms of dementia (BPSD) is associated
with an increased risk of mortality and morbidity (Gill et al.,
2007). Thus, quantifying and understanding the use and dosing of
antipsychotic therapies in this population is paramount
(Schneider et al., 2006; Gill et al., 2007) Although
antipsychotics have myriad pharmacologic mechanisms of
action (Sultana et al., 2017), a commonality is that all
antipsychotics demonstrate dopamine receptor antagonism
(Siafis et al., 2018). However, there are 67 different
antipsychotics listed in the Anatomical Therapeutic Chemical
(ATC) index, with many administration routes (e.g., injection
and oral) and formulations (e.g., short-versus long-acting)
(World Health Organization, 2019). Further, antipsychotics
may be combined as dual therapy or long-acting maintenance
therapy plus “as needed” doses (Tadrous et al., 2015; Ortiz-
Orendain et al., 2017). Because of these complexities, it
becomes difficult to understand the true burden of a
population’s antipsychotic exposure, appropriateness of dosing,
and additive effects of combination therapy.

To avoid these challenges, studies may exclude patients
exposed to multiple antipsychotics (Tadrous et al., 2015;
Ortiz-Orendain et al., 2017), potentially removing large
numbers of patients, disregarding additive effects, or ignoring
those at highest risk of adverse effects. Another method used to
summarize class exposures is the World Health Organization
(WHO) defined daily dose (DDD) system (World Health
Organization, 2019). A DDD is the average adult maintenance
dose for the “main indication” of the drug. For example, to
provide a summary measure of antipsychotic exposure, each
antipsychotic’s prescribed daily dose would be divided by its
respective DDD, and results for all antipsychotics would then be
added together for each patient (Dubrall et al., 2020). However,
DDDs were developed to study consumption trends and are
derived from population average doses rather than
pharmacologic potencies (World Health Organization, 2019),
making DDD conversions less meaningful in drug effects studies.

An underutilized technique to summarize class exposures is
direct dose conversion, a pharmacologically-based method which
standardizes exposures to units of a common referent agent using
dose equivalents. Once converted to common units, exposures can
be easily summarized to assess drug effects and utilization. For

example, Woods et al. aggregated chlorpromazine dose equivalents
for atypical antipsychotics based on minimum effective doses for
schizophrenia (Woods, 2003). Unfortunately, dose conversion
methods are often avoided due to their complexity, and to our
knowledge, few studies have implemented this method or provided
tutorials for real-world drug research (Huybrechts et al., 2012a;
Huybrechts et al., 2012b). We have previously applied direct dose
equivalentmethods to examine antipsychotic utilization and effects
in Ontario (Tadrous et al., 2015; Mast et al., 2016). However, the
focus of these studies was on results, and we were not able to
describe the dose conversion method used in detail. As such, we
believe a more in-depth example and tutorial is needed to increase
the appropriate uptake of dose equivalent methods in
pharmacoepidemiologic studies and to highlight the potential
benefits and limitations of these methods. Thus, the purpose of
this study was to provide a detailed example of dose conversion
methods by quantifying the burden of antipsychotic use among a
cohort of older adults with dementia.

METHODS

As part of a quality improvement initiative to understand the
burden of antipsychotic prescribing among adults with dementia,
we conducted a population-based cohort study of patients with
dementia aged 66 years and older residing in Ontario, Canada
who initiated antipsychotic drug therapy between January 1, 2009
and December 31, 2012. Linked Ontario administrative
healthcare databases housed at ICES were used for cohort
identification and prescription drug utilization (ICES, 2020).
All Ontario residents receive healthcare coverage for medically
necessary procedures and services; in addition, prescription
medications listed on the Ontario Drug Benefits formulary are
covered for patients over 65 years of age (Martin et al., 2018). The
Canadian Institute for Health Information Discharge Abstract
Database was used to obtain hospitalization records and the
Ontario Health Insurance Plan database was used to identify
diagnosis codes at physician visits. To obtain prescription data,
the Ontario Drug Benefit (ODB) database was used, which
contains claims information (drug, dose, administration route,
day’s supply, and claim amount) for prescriptions dispensed to all
Ontario residents over 65 years of age. These datasets were linked
using unique, encoded identifiers and analyzed at ICES.

We identified the first claim for an antipsychotic for each
person within the ODB database and defined the date of this
prescription as their cohort entry date. The cohort was then
restricted to patients with dementia using a validated case
definition (Rochon, 2007) and the following patients were
excluded: patients less than 66 years of age at cohort entry (to
ensure that all patients had at least 1 year of prescription
medication history), those prescribed any antipsychotic in the
year prior to cohort entry, and those without any subsequent
antipsychotic prescriptions in the 12 months after cohort entry.
Patients were followed from cohort entry to death or the end of
the study (12 months), whichever came first.

First, the antipsychotic dispensing data was cleaned using
information from the day’s supply field, recommended
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prescribing intervals, time between prescription claim dates, and
drug unit costs. Detailed data cleaning steps are provided in the
Supplementary Material and may differ by jurisdiction. General
rules for data cleaning were as follows: for oral and rectally
administered medications, we obtained the date of the next
prescription with the same medication name, if available. If
this next prescription date was within 100 days, we kept the
original day’s supply value. However, because dosing regimens
and adherence to oral antipsychotic therapies can vary widely, if
no subsequent prescription for the same medication was
identified or if the subsequent prescription was dispensed
more than 100 days later, we took a conservative approach
and set the day’s supply value to the quantity dispensed
divided by 5 (the maximum dosing interval for any
antipsychotic therapy). For long-acting injectables, we kept the
day’s supply as the original value if it was longer than the
minimum dosing interval (e.g., 28 days for haloperidol
decanoate), changed it to the minimum dosing interval if
there was no subsequent long-acting antipsychotic
prescription, or changed it to the duration between
prescriptions if there was a subsequent long-acting
prescription administered earlier than the minimum dosing
interval. For short-acting injectables, we cleaned the quantity
field by using information on the billable cost per mL and the total
billed cost of the prescription. Then, we cleaned the day’s supply
field using similar rules as those for oral medications.

The outcome of interest was the total chlorpromazine
equivalent daily dose at cohort entry (first prescription) and
at 6 and 12 months after initiation. At cohort entry,
antipsychotic medication prescriptions dispensed on the first
claim date were eligible, as no included patients had
antipsychotic use in the year prior to first prescription. At 6
and 12 months after cohort entry, a 100-days lookback window
was used to identify antipsychotic prescription dispensations
with a day’s supply that covered each respective follow-up
timepoint. Prescriptions outside of these 100-days lookback
windows were not measured. The daily doses of prescriptions
that overlapped with a follow-up timepoint were multiplied by
the chlorpromazine dose equivalent, derived from
pharmacologic studies on relative potency for effectiveness
when available and clinical consensus for all others
(Supplementary Table S1) (Woods, 2003; Gardner et al.,
2010). Dose equivalents from all eligible prescriptions at each
follow-up time point, regardless of drug or administration route,
were summed to obtain a total chlorpromazine equivalent daily
dose in milligrams. Injectable antipsychotic medications day’s
supply cleaning rules and daily-dose equivalents were dependent
on whether the medication was long-acting or short-acting. We
calculated the median total equivalent daily dose at each time
point among patients who remained on antipsychotic therapy,
and we estimated the proportion of patients whose total
equivalent daily dose was modified by data cleaning. Results
were stratified by administration route. An example data
cleaning and chlorpromazine daily-dose equivalent calculation
is provided in Supplementary Table S2. This study was
approved by the Research Ethics Board of Sunnybrook Health
Sciences Centre, Toronto, ON, Canada.

RESULTS

We identified 45,442 eligible older adults with dementia initiating
antipsychotic medications. Of these, 27,387 and 21,629 patients
remained on antipsychotic therapy at 6 and 12 months after
initiation, respectively. The majority (97%) initiated oral therapy,
followed by regular injectables (2%), multiple administration
routes (1%) and long-acting injectables (0.5%); eighty-one
percent of patients initiated an atypical (versus typical)
antipsychotic medication. At initiation, 14% of patients
received multiple antipsychotic drug prescriptions
simultaneously, compared to 22% at 6 months and 16% at
12 months after initiation. Median equivalent daily doses
differed across administration routes, with the highest initial
doses seen among patients receiving regular injectable and
multiple administration routes; however, dose equivalents in
these groups decreased over time to reach doses that were
similar to other administration routes by 6 months of follow-
up (Figure 1). Data cleaning modified 3, 16, 36, and 42% of total
equivalent daily-doses in patients initiating oral, regular
injectable, long-acting injectable, and multiple administration
routes, respectively (Figure 2), with most modified doses
decreased after cleaning.

DISCUSSION

In a cohort of 45,442 older adults with dementia in Ontario
initiating antipsychotic therapy, a data cleaning and dose
conversion algorithm was applied to quantify exposures across
the antipsychotic drug class and illustrate a detailed, real-world
example of direct dose conversion methods. Dose conversion was
a feasible and efficient method to compare antipsychotic
exposures between administration routes and time points.
Results identified that patients initiated on regular injectable
therapies and multiple administration routes received higher
equivalent daily-doses than those initiated on long-acting
injectables and oral therapies. Because daily-doses at follow-up
timepoints could be calculated from multiple overlapping
prescriptions but baseline doses were from a single
prescription, this finding is unexpected. However, we
hypothesize that some patients with dementia may have been
initiated on high daily-doses of antipsychotics to control agitation
until other medications can take effect to manage BPSD
symptoms, with subsequent doses decreased or tapered if the
patient’s symptoms improved.

Next, data cleaning had a substantial impact on total
equivalent daily-doses, particularly among patients receiving
long-acting injectables and multiple administration routes.
This disparity may have arisen from errors in the day’s supply
field for injectable medications (e.g., day’s supply value of 1 for a
28-days one-time injection that would result in a higher original
daily dose), which have been previously reported for claims for
injectable osteoporosis prescriptions in Ontario (Burden et al.,
2013). Fewer errors for oral therapies were seen, potentially
because day’s supplies for oral medications are often identical
to the quantity dispensed. Finally, this study also suggests that
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excluding patients on multiple therapies can substantially reduce
the study population size, as 14% of patients were initiated on
multiple antipsychotics and this proportion increased throughout
the first year.

This algorithm has been successfully applied to study
antipsychotic utilization and drug effects in Ontario, yet has
not been described in detail so that others may utilize it until now
(Tadrous et al., 2015; Mast et al., 2016). Mast et al. found that
older adults with dementia initiated on higher chlorpromazine
equivalent daily-doses of antipsychotics discontinued more
rapidly than those initiated on lower doses, showing effect

modification of persistence by dose (Mast et al., 2016).
Further, a 2015 report on the use of antipsychotics in older
adults in Canada found differences in equivalent doses between
patients residing in the community versus nursing homes and
between those initiating typical versus atypical antipsychotics
(Tadrous et al., 2015). Similar dose-conversion methods appear
to have been employed in real-world studies in other jurisdictions
to examine antipsychotic persistence (Iwata et al., 2020), dose-
initiation (Takahashi et al., 2020), risk of death (Huybrechts et al.,
2012b), and potential effect modification of adverse events
(Huybrechts et al., 2012a).

FIGURE 1 | Median total chlorpromazine equivalent daily-dose (mg) at initiation (n � 45,442), 6 months (n � 27,387), and 12 months (n � 21,629) among various
administration routes.

FIGURE 2 | Impact of Data Cleaning on Calculated Total Equivalent Daily Dose at Initiation. {Outer edges of the boxes represent the 25th (Q1) and 75th (Q3)
percentile values, respectively; middle line within each box represents the median (50th percentile value); dots represent outliers [values that are more than 1.5 times the
interquartile range (IQR; Q3 – Q1) less than Q1 or more than 1.5*IQR greater than Q3], and whiskers extend to the smallest and largest values within this range.}
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Dose conversion can be applied in pharmacoepidemiologic
studies of other drug-classes with 1) many different drugs, 2) a
variety of formulations, or 3) potential for concurrent in-class
exposures. We recommend that if 2 or more of these conditions
are met for a drug class, investigators should consider dose
conversion to standardize exposures. Opioids and
benzodiazepines are drug classes which meet all three criteria
and for which dose conversion has proven beneficial. For
example, Gomes et al. found a dose-response relationship
between morphine equivalent daily-doses of opioids and fatal
opioid overdose in patients in Ontario (Gomes et al., 2011), and
Brandt et al. reported that diazepam milligram equivalent
conversion allowed more advanced interpretation of
benzodiazepine use in Canada versus other standardization
methods (Brandt et al., 2019).

Although antipsychotic DDDs have been used in
pharmacoepidemiologic applications, we believe that DDD
methods are less ideal than dose conversion primarily because
DDDs are not based on pharmacologic activity (World Health
Organization, 2019). For example, when different antipsychotic
dose standardization methods were compared to determine how
well they predicted extrapyramidal symptoms (EPS), a dose-
related adverse effect, only chlorpromazine-equivalent doses
were significantly different between patients with and without
EPS (Barr et al., 2010). DDD-based doses were similar between
groups. These findings suggest that antipsychotic dose
equivalents may be more closely related to pharmacologic
activity than DDDs and thus more appropriate in
pharmacoepidemiologic studies.

There are limitations to this algorithm and dose conversion
in general. Firstly, our rule-based data cleaning did rely in part
on day’s supply information, which may not be available in
some dispensing data. However, our algorithm also
incorporated rules based on cost lists and dates between
prescriptions to quantify exposures, illustrating that
jurisdiction- and disease-specific knowledge may be a feasible
alternative to using day’s supply in data cleaning. Moreover,
even when the actual dosage of drug is accurately measured
through prescription claims, actual consumption may not be
equivalent to what is measured due to low adherence,
particularly for oral medications. Secondly, dose conversion
relies on validated dose equivalents, established from
pharmacodynamic studies (Woods, 2003) or clinical
consensus (Gardner et al., 2010), which are not always
available, established via transparent methods, or valid when
co-medications alter antipsychotic metabolism. Moreover,
consensus dose equivalents often lag for newer drugs.
Another major limitation of dose conversion methods is that
they only consider the equivalence of one mechanism–for
example, dopamine receptor activity of antipsychotics in the
present study; however, drugs within the same class may have
differing activity for other pharmacologic effects (e.g.,
cholinergic activity) that may modify effects beyond one
mechanism. This limitation may be especially important
when examining the effectiveness of medications; dose
conversion methods may be more appropriate for studies of
adverse effects, off-label uses, or utilization studies.

Dose conversion can be successfully applied after data cleaning
to standardize antipsychotic drug exposures in the study of real-
world drug safety and effectiveness. With adequate knowledge of
their strengths and limitations, conversion methods can be
considered for drug effects studies of antipsychotics and other
medication classes with similar complexities, such as opioids and
benzodiazepines.
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