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Introduction: Excessive polypharmacy, which can be defined as the concurrent
use of >10 medications, is prevalent among individuals with chronic pain.
However, it remains unclear how it may vary between individuals or over time.
Objectives: This study aimed to describe and identify factors associated with
trajectories of excessive polypharmacy.

Methods: A retrospective longitudinal study was conducted using the TorSaDE
Cohort, which links Canadian Community Health Surveys (2007-2016) and
Quebec health administrative databases. Among 9,156 adults living with
chronic pain and covered by public prescribed drug insurance, the presence
of excessive polypharmacy (yes/no) was assessed monthly for one-year post-
survey completion (12 time points). Group-based trajectory modelling was
applied to identify groups with similar patterns over time (trajectories).
Multivariable multinomial regression was used to identify factors associated
with trajectory membership.

Results: Four trajectories were obtained: (1) "No excessive polypharmacy”
(74.8%); (2) "Sometimes in excessive polypharmacy” (8.6%); (3) "Often in
excessive polypharmacy” (6.1%); 4) “Always in excessive polypharmacy” (10.5%).
Factors associated with the "always in excessive polypharmacy” trajectory
membership were: being older, being born in Canada, having a lower income,
having a higher comorbidity index score, more severe pain intensity, and more
daily activities prevented by pain, reporting arthritis or back pain and poorer
perceived general health, and having a family physician. Using opioids or
benzodiazepines, having a lower alcohol consumption, doing less physical
activity, a higher number of prescribers and visits to a family physician also
predicted being always in excessive polypharmacy.
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Discussion: This study identifies distinct trajectories of excessive polypharmacy in
adults with chronic pain, emphasizing key sociodemographic and clinical factors
and the need for tailored interventions for effective medication management.

KEYWORDS

polypharmacy, chronic pain, healthcare, trajectories, group-based trajectory modelling,
health administrative data

Introduction

Chronic pain (CP) can be defined as pain persisting or
recurring for more than three months (1) and affects 20% of
adults worldwide (2). Despite decades of research on CP, it
remains poorly recognized, misdiagnosed, and its management is
often suboptimal (3-9). Considering the impact of CP at the
individual and societal levels (9), it is important to harness real-
world data and gain a deeper understanding of the context in
which treatments are prescribed and used, and examining the
outcomes. One of the areas of interest lies in the significant
proportion of individuals living with CP who use medications,
even though various physical and psychological treatment
approaches should be employed (8). In fact, most individuals
living with CP (62%-94%) use medications for pain management
(10-13) and are often simultaneously treated with medications
from different therapeutic classes (e.g., opioids, antidepressants,
anti-inflammatories, anticonvulsants, acetaminophen, prescribed
cannabinoids) (14, 15). Furthermore, medications used for
various comorbidities add to the count (16). Polypharmacy,
defined as the concurrent use of multiple medications, is thus the
rule rather than the exception in CP (17-19).

The most commonly used definition of polypharmacy (20-22)
and endorsed by the World Health Organization (23) is the
concomitant use of 5 medications or more. Polypharmacy is
considered excessive when 10 or more medications are used. The
presence of pain is a known determinant of polypharmacy
(24-26). A recent Canadian study highlighted that 7 out of 10
adults living with CP were in a state of polypharmacy, and 1 out
of 4 was in excessive polypharmacy (18). Using as many
medications can lead to significant risks for the person, such as
(27, 28) and drug cascades (29). Also,
polypharmacy is correlated with higher mortality rates (30, 31),

drug interactions

depression (32), lower quality of life (33) and institutionalization
(31). Yet, literature suggests that polypharmacy can be rational and
can lead to positive clinical outcomes by approaching diseases
through multiple mechanisms of action (21, 34). For example, in a
context where opioid prescriptions are highly debated for chronic
non-cancer pain and where patients often experience forced
withdrawal and inadequate pain relief (35), rational polypharmacy
potentially offers an alternative strategy by integrating non-opioid
medications and addressing the multifaceted aspects of CP. Besides
patient’s condition, medication use and polypharmacy can be
shaped by healthcare structure (universal vs. privatized) which
influence access to care, prescription practices, and coordination
among prescribers (36, 37).
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The likelihood of experiencing excessive polypharmacy may
vary between groups of individuals (inter-individual variability)
and over time (intra-individual variability). It is therefore
possible to identify clinical situations that are potentially
favourable or unfavourable (e.g., groups of individuals in which
the likelihood of experiencing excessive polypharmacy remains
relatively low over time or remains high over time). Person-
centred statistical approaches such as latent class analysis offer
the opportunity to group together individuals with similar
trajectories of excessive polypharmacy over time and to identify
specific sub-populations at need for better healthcare support
(38). To date, although such approaches have been employed to
better understand polypharmacy trajectories (31, 39), to our
knowledge, they have never been applied within a population of
individuals living with CP. In order to answer the research
“What are the different
polypharmacy of individuals living with CP in the community?”

questions profiles of excessive
and “Is excessive polypharmacy a stable phenomenon over time
or does it occur intermittently?”, this study aimed to: (1) model
and describe the

(identification of groups with similar patterns of excessive

trajectories of excessive polypharmacy
polypharmacy over time), and (2) identify factors associated with

trajectory memberships.

Methods
Study design and data sources

A longitudinal study was conducted using existing data
TorSaDE Cohort (40), a of 102,148
participants which links five cycles of Statistics Canada’s
Canadian Community Health Survey (CCHS; 2007-2008, 2009-
2010, 2011-2012, 2013-2014 and 2015-2016 cross-sectional
questionnaires) with the Quebec health administrative databases

from the sample

(1996 to 2016 longitudinal healthcare and pharmaceutical
services databases). This cohort presents the opportunity to study
the use of healthcare and medications in a probabilistic
community sample of participants, while benefiting from the
strength of self-reported data combined with longitudinal health
administrative data (40). In fact, individuals living with CP are
difficult to identify with administrative data alone (41, 42).

Canadian community health survey

The CCHS collects health data on a representative sample of
Canadians aged 12 and older (probability sampling) (43).
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Indigenous individuals living on reserves, full-time members of the
Canadian Armed Forces, institutionalized individuals, or residents
of Nunavik and Terre-Cries-de-la-Baie-James (together 3% of
Canadians) are not included. Several questions have
demonstrated test-retest reliability (44), and high response rates
are observed [69.8-78.9%, depending on cycles (45)]. Survey
participants gave informed consent to Statistics Canada for the
linkage of their responses to provincial health administrative
databases and use for research purposes when they take part in

the survey.

Quebec health administrative databases

In the Quebec province, the population is covered by a
provincial universal health insurance program administered by
the Régie de lassurance maladie du Québec (RAMQ) (46). The
health insurance covers the cost of medical visits, emergency
department visits, hospitalizations and procedures offered to all
residents (8 million people). For prescribed drugs, only a portion
of the population is covered: (1) people who are not eligible for
private drug insurance with their employer or their spouse’s
employer, (2) who are >65 years old, or (3) receiving last-resort
financial assistance. These groups represent approximately 45%
of the population (47). Although this may lead to a sample that
is older or socioeconomically disadvantaged, our goal was to
capture a broader population that reflects the diversity of
individuals covered by public insurance, beyond just those aged
>65. Restricting the analysis to those >65 would limit the
generalizability of our findings to younger adults who are also at
risk for excessive polypharmacy. The pharmaceutical services
database contains detailed information on the dispensing of
prescribed drugs covered by the public plan, and the validity of
its contents has been demonstrated (48).

For healthcare services research, the TorSaDE Cohort is a
database that
sociodemographic variables not found in health administrative

unique in Canada contains a variety of

databases. It has been described in detail elsewhere (40).
A secure virtual server provided by the Quebec Statistical
Institute holds de-identified TorSaDE data. The project was
approved by relevant research ethics boards: (1) Université du
Québec en Abitibi-Témiscamingue (# 2018-02—Lacasse, A.), (2)
Centre hospitalier universitaire de Sherbrooke (#2017-1504), (3)
Commission d’accés a linformation du Québec (#1013990). In
terms of patient engagement, two persons with lived experience
of CP (NM and SB), were members of the team and participated
in the conceptualization of the project and interpretation of results.

Study population

As shown in , the sample was constituted by applying
four inclusion criteria to TorSaDE’s participants (n = 102,148): (1)
having only one participation in the survey (only the most recent
Canadian Community Health Survey entry was retained for
participants with more than one entry); (2) reporting CP
(answering “No” to the question, “Are you usually free of pain or
discomfort?”). Even though it differs from commonly used
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definitions of chronicity based on symptoms’ duration (I,
-50),

comparable to those obtained with more conventional definitions

such a definition provides prevalence estimates
(2) and many highly cited CP epidemiology studies have used
this definition (52-58); (3) be at least 18 years old; and (4) being
covered by the public drug plan for the year following survey
completion (the index date was defined as the date of completion
of the survey). Thus, among the 102,148 TorSaDE participants,

9,156 were selected.

Study variables

Excessive polypharmacy trajectories

Excessive polypharmacy was defined as the concomitant use of
>10 medications (all indications included). The threshold of 10
medications is widely recognized in clinical practice and research
as a marker for increased risks of drug interactions, side effects,
and management challenges (21, 59, 60). While categorizing the
outcome does reduce some information compared to using a
continuous variable, it enhances the interpretability of our findings
for clinicians and policymakers, especially in identifying risk
factors and guiding interventions for excessive polypharmacy. As
the pharmaceutical services database contains detailed information
on calendar dates prescriptions were filled, monthly dichotomous
measures of excessive polypharmacy (yes or no) could be
calculated for each participant (12 repeated measures; periods of
30 days). A 1l-year post-index date time window was chosen
because it maximized the chances of capturing temporal variations
in excessive polypharmacy trajectories and ensured that the
sociodemographic and clinical profile captured in the survey
(potential predictors) did not change significantly. Repeated
modelled
trajectories using group-based trajectory modelling (GBTM) (38,

measures of excessive polypharmacy were into

-64), a statistical approach grouping participants with similar
patterns of outcomes over time and allowing the discovery of
hidden subgroups within the data without the need to set arbitrary
classification thresholds (see full description in the statistical
analysis section). Trajectory group membership was then used as a

categorical dependent variable.

Factors associated with excessive polypharmacy &
covariables

The TorSaDE Cohort
requiring a selection of sociodemographic and clinical variables

includes thousands of variables,

relevant to CP and its treatment. As we aimed to identify factors
associated with excessive polypharmacy trajectory membership,
the choice of variables to be considered was based on the
Andersen model of health services use (65), widely used in
healthcare (66) and drug utilization (67) studies. Andersen’s
model (65) postulates that healthcare utilization (in our case
prescriptions) is influenced by predisposing factors (e.g., age, sex,
country of birth), enabling factors (e.g., household income, access
to a pain clinic), and need factors (e.g., pain intensity, activities
prevented by pain, perceived general health). In this study, the

following variables were thus included: (1) Sociodemographic
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f 2
TORSADE Cohort entries
. ) n=103,241
Entries excluded due to more than \ J
one participation in the CCHS
=1,093 (" e : %)
. J Individuals with only one
participation in the CCHS
e . n=102,148
No chronic pain n= 64,514 8 3/
Missing response to the question
about pain n=21,560 e . ) = 5 )
- Individuals reporting chronic pain
n=16,074
( 2 & J
Missing data on participants’ age
n=381
S J
Participants over 18 years-old
. ~N n=15,693
Missing data on longitudinal health
insurance information
=6,537 .
- % Complete longitudinal health
insurance information the year
after CCHS n=9,156
FIGURE 1
Flowchart. CCHS, Canadian community health survey.

variables: Age, sex at birth, self-identified race (white or others),
indigenous self-identification (yes or no), country of birth
(Canada or others), education level, relationship status (in or not
in a relationship), annual household income (Can$), number of
people in the household, living in a remote region (yes or no;
based on Quebec Revenue Agency classification), living in a rural
area (yes or no; based on the postal code second character); (2)
Pain-related variables: Pain intensity (mild, moderate or severe),
pain interference (none, few, some or most daily activities
prevented by pain or discomfort), self-reported back pain (yes or
no), self-reported arthritis (yes or no), opioid use in the 30 days
following survey completion (yes or no), benzodiazepine use in
the 30 days following survey completion (yes or no); (3) General
health and lifestyle profile variables: Combined comorbidity
index of Charlson and Elixhauser (68) computed in the year
before survey completion (taking into consideration a variety of
comorbidities other than pain), perceived general health and
mental health (excellent, very good, good or fair, bad), alcohol
consumption in the past 12 months (regular, occasional, not
drinking), smoking (regular, occasional, not smoking), physical
activity (regular, occasional, rare), lifestyle (active, moderately
active, inactive), and (4) Healthcare related-variables: Visiting a
pain clinic in the year before survey completion (yes or no;
medical visits associated with a 4X1 center code or professional
services billed for services rendered in a pain clinic (i.e.,
anesthesia services coded 41,055, 41,056, 41,057, 41,058 and
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41,059), reporting having a family physician (yes or no), in
addition to the past-year number of hospitalizations, visits to a
family physician, visits to a specialist, emergency room visits,
prescribers consulted, and different physicians consulted.

Statistical analysis

Descriptive statistics were used to characterize participants
(means and standard deviations for continuous variables and
The
polypharmacy profile of participants was also described for

numbers and proportions for categorical variables).
various time windows (proportion of individuals using >5 or
>10 medications; mean number of medications used). Excessive
polypharmacy trajectories were modelled using a latent class
(38).

approaches, we chose group-based trajectory modelling (GBTM)

modelling approach Among the different modelling
due to the longitudinal study design and the repeated measures
of a categorical variable over time, ie., excessive polypharmacy
(yes/no) (38, 62). GBTM is a statistical approach allowing to
group participants with similar patterns of variables over time
(38, 61-64). The modelling of trajectories was performed for 1,
2, 3, 4 and 5 trajectory groups and different curve possibilities
(linear, quadratic, and cubic) for each trajectory. Different
models were tested and two criteria were used for selecting the
best one: (1) Lowest Bayesian information criterion (BIC;
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absolute value) and (2) Minimum of 5% of participants per group
(38). We also ensured that the model identified using the two
criteria above was clinically interpretable (38), e.g., a classification
that is sufficiently discriminative and provides a logical label for
each group. See Supplementary Material SI for model fit indices.
GBTM was applied in the whole study sample and then stratified
by sex at birth to assess differences of excessive polypharmacy
trajectories in males and females, according to best practices for
better integration of sex and gender in research (69). Next, the
profile of participants according to their trajectory membership
(subgroups) was depicted and the differences between the
trajectories were determined by Chi-square for each variable.
Finally, a multivariable multinomial regression model was used
to identify factors associated with
trajectory membership (dependent variable). Results are
presented as adjusted odds ratios (OR) and 95% confidence
intervals (95% CI). Based on the Andersen model (65), an a
priori selection of variables was made (all the variables listed

(independent variables)

above were included in our multivariable model). Indeed, the
goal was to identify all associated variables rather than to
construct a predictive model. Due to our substantial sample size,
this method was favoured over criticized selection techniques
such as relying on bivariate regression analysis p-values (70) or
stepwise selection (71). All variables considered in the model are
detailed in Supplementary Material S2 and S3. Multicollinearity
was tested according to variance inflation factors (VIFs), who
were below 3.0 for all variables included in the multivariable
models (72). Goodness of fit of the model was tested using the
Hosmer-Lemeshow test. No multiple imputation was applied as
missing data proportion was low across variables of interest
(<4.3%). A p-value of 0.05 was used as the cutoff for statistical
significance. All statistical analyses were performed using SAS™
version 9.4 (SAS Institute, Cary, NC, USA).

Results

Analyses were conducted among 9,156 adults living with CP and
covered by the public drug insurance plan in the year following survey
completion (Figure 1). Characteristics of participants are presented in
Table 1. The mean age was 63.5 years (+15.3) with a range of 18 to
101 years. The majority of our sample was female (64.5%), born in
Canada (82.9%) and self-identified as White (93.5%). Most had
moderate (53.7%) or severe (25.3%) pain intensity, as well as none
(33.9%) or a few (33.0%) daily activities prevented by pain or
discomfort. Moreover, 42.7% of our sample self-reported back pain
and 48.4% self-reported arthritis (non-mutually exclusive variables).
The polypharmacy profile of participants is described in Table 2.
Prevalence of polypharmacy (>5 medications) and excessive
pharmacy (>10 medications) in the 30 days following survey
completion was respectively 48.3% and 16.3%.

Frontiers in Pain Research

TABLE 1 Sample characteristics.

Age (years)
18-24

25-44

45-64

65-79

>80

Sex at birth
Females
Males

White self-identified race
Yes

Indigenous self-identification
Yes

Country of birth
Canada
Other

Education level
No secondary diploma
Secondary diploma

College diploma/Registered apprenticeship
or other trades certificate or diploma

University diploma

Relationship status
In a relationship

Not in a relationship

Annual household income (Can$)
<20,000

20,000-39,999

40,000-59,999

60,000-79,999

>80,000

Number of people in the household—mean + SD

Living in a remote region
Yes
No

Living in a rural area
Yes

No

Pain symptoms

Pain intensity

Mild

Moderate

Severe

Activities prevented by pain or discomfort
None
A few
Some
Most

10.3389/fpain.2025.1512878

175
910
3,110
3,736
1,225

5,908
3,248

8,563

228

8,503
650

3,751
1,171
3,077

1,032

3,847
5,304

3,083

3,482

1,468
612
511
1.69

2,448
6,708

2,898
6,258

1,836
4,913
2,314

3,101
3,018
1,531
1,457

Characteristics* (n = 9,156) No. (%) of
participants**

Sociodemographic profile

(1.91)
(9.94)
(33.97)
(40.80)
(13.38)

(64.53)
(35.47)

(93.52)

(2.49)

(92.87)
(7.10)

(40.97)
(12.79)
(33.61)

(11.27)

(42.02)
(57.93)

(33.67)
(38.03)
(16.03)
(6.68)
(5.58)
+0.92

(26.74)
(73.26)

(31.65)
(68.35)

(20.05)
(53.66)
(25.27)

(33.87)
(32.96)
(16.72)
(15.91)

(Continued)
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TABLE 1 Continued

Self-reported back pain (except fibromyalgia and arthritis)

Yes L3909 | (4269
Self-reported arthritis (except fibromyalgia)

Yes 4435 | (48.44)

SD, standard deviation.

*Proportion of missing data across presented variable ranged between 0.03 and 4.43%.
Listwise deletion was applied for the subsequent analyses.

**Unless stated otherwise.

Modelling trajectories of excessive
polypharmacy

A four-trajectory model was retained (Figure 2): (1) Persons who
never experience excessive polypharmacy (74.8% of the sample; label:
“no excessive polypharmacy” group; Green curve); (2) Persons with a
relatively moderate likelihood of experiencing excessive polypharmacy
over time with a slight increase (linear shape positive) in the likelihood
of having excessive polypharmacy during the study period (8.6% of the
sample; label: “sometimes in excessive polypharmacy” group; Red
curve); (3) Persons with a relatively high likelihood of experiencing
excessive polypharmacy over time with a slight increase (linear
shape positive and quadratic shape negative) in the likelihood of
having excessive polypharmacy during the study period (6.1% of the
sample; label: “often in excessive polypharmacy” group; Blue curve);
(4) Persons consistently in an excessive polypharmacy status (10.5%
of the sample; label: “always in excessive polypharmacy” group;
Black curve).

Stratification of trajectory models was performed by sex at birth
(males and females). When GBTM was applied among males
(n=3,248) and females (n=>5,908), a four-trajectory model was
retained for both groups (Figure 3), with curves similar to those
found in the whole sample: (1) “No excessive polypharmacy” group
(79.9% of males and 73.6% of females); (2) “Sometimes in excessive
polypharmacy” group (6.7% of males and 8.8% of females); (3)
“Often in excessive polypharmacy” group (6.7% of males and 6.1%
of females); (4) “Always in excessive polypharmacy” group (6.7% of
males and 11.5% of females). See Supplementary Material SI for
model fit indices for males and for females.

TABLE 2 Polypharmacy profile.

During the 30 days
following survey

completion

During the 60 days
following survey
completion

10.3389/fpain.2025.1512878

Factors associated with trajectory
membership

Multivariable multinomial regression model was used to identify
participants’ sociodemographic and clinical characteristics associated
with each trajectory while controlling for confounding. Figure 4
illustrates ~ statistically ~significant factors associated with each
trajectory group as compared to the “no excessive polypharmacy”
group. For the reader’s benefit, a comprehensive description of each
group profile, along with bivariate comparisons, is provided in
Supplementary Material S2. The complete multivariable model results
can be found in Supplementary Material S3. The most important
predictors of various excessive polypharmacy trajectories (adjusted
OR > 1.5) were: more severe pain intensity and activities prevented by
pain, poorer perceived general health, opioids and benzodiazepines
use, less alcohol consumption, being born in Canada, having a family
physician, and rare physical activity (reference: regular physical
activity). Being older, having a high comorbidity index, self-reporting
arthritis, a poor perceived general health, a high number of
prescribers, using opioids and benzodiazepines were common
predictors of the three excessive polypharmacy trajectories.

Discussion

This study aimed to model the trajectories of excessive
polypharmacy (>10 medications) in a large sample of adults
living with CP. Four patterns of excessive polypharmacy
emerged: (1) “No polypharmacy”  group; (2)
“Sometimes in polypharmacy” group; (3) “Often in excessive

excessive

polypharmacy” group; (4) “Always in excessive polypharmacy”
group. Our results thus offer confirmation that different profiles
of excessive polypharmacy exist within the community and that
excessive polypharmacy is not necessarily a stable phenomenon
over time (for many it occurs intermittently). Importantly, it is
still 16.3% of individuals living with CP (1 out of 6) who are in
a state of excessive polypharmacy when looking at 1-month data.

Prevalence of polypharmacy

Among individuals living with CP, the literature suggests
prevalence estimates of polypharmacy (>5 medications) ranging

During the 90 days
following survey
completion

During the 365 days
following survey
completion

n (%)
Polypharmacy (>5 4,426 (48.34)

medications)

n (%)
5,079 (55.47)

n (%)
5,401 (58.99)

n (%)
6,766 (73.90)

Excessive polypharmacy (>10 1,492 (16.30)

medications)

Mean + SD (range)
5.10 +4.49 (0-29)

Number of different prescribed
medications (all indications

combined)

1,957 (21.37)

Mean + SD (range)
5.94 +4.84 (0-34)

2,285 (24.96) 4,017 (43.87)

Mean + SD (range)
644 £5.13 (0-49)

Mean + SD (range)
9.45 + 6.88 (0-49)

SD, standard deviation.
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FIGURE 2
Trajectories of excessive polypharmacy in the whole sample. Black curve: "always in polypharmacy” group; Blue curve: “often in polypharmacy” group;
Red curve: “sometimes in polypharmacy” group; Green curve: "no excessive polypharmacy” group. Plain line: Observed prevalence of excessive
polypharmacy. Interrupted line: Estimated prevalence of excessive polypharmacy by the group-based trajectory modelling.
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FIGURE 3

Trajectories of excessive polypharmacy in males and in females. Plain line: Observed prevalence of excessive polypharmacy. Interrupted line:
Estimated prevalence of excessive polypharmacy by the group-based trajectory modelling.

from 19% to 89%, and from 5% to 49% for excessive polypharmacy
(>10 medications)
characteristics, the definition of polypharmacy, and the type of
medications considered (17-19, 73-77). The most comparable study
is Zahlan et al. (18) in terms of country, sample and definition of

depending on the country, the sample

Frontiers in Pain Research

polypharmacy. Our 1-month prevalence estimates were, however,
lower than those found by Zahlan et al. (18) (polypharmacy: 48.3
vs. 71.4%; excessive polypharmacy 16.3% vs. 25.9%), possibly as our
study accounted only for prescribed drugs (vs. Zahlan et al. study
also considered over-the-counter medications).
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“Sometimes in
polypharmacy” group

*Older age
(OR 1.03 95% CI 1.02 to 1.04)

*Higher comorbidity index
(OR 1.09 95% CI 1.03 to 1.16)

*More severe pain intensity
(OR 1.5595% CI 1.18 to 2.05)

*Self-reported arthritis
(OR 1.30 95% CI 1.07 to 1.58)

*Poorer perceived general health
(OR 1.90 95% CI 1.55 to 2.33)

*Having a family physician
(OR 1.47 95% CI 1.01 to 1.93)

*Higher number of visits to a family
physician
(OR 1.05 95% CI 1.02 to 1.07)

*Higher number of prescribers
(OR 1.3195% CI 1.24 to 1.38)

* Higher number of specialist visits *
(OR 1.02 95% CI 1.00 to 1.03)

* Lower number of emergency room
visits *
(OR 0.92 95% CI 0.85t0 0.99)

*Opioids use
(OR 1.43 95% CI 1.05 to 1.94)

*Benzodiazepines use
(OR 2.0595% CI 1.70 to 2.47)

*No alcohol consumption
(OR 1.72 95% CI 1.38 t0 2.15)

“Often in
polypharmacy” group

*Older age
(OR 1.04 95% CI 1.03 to 1.06)

*Higher comorbidity index
(OR 1.1095% CI 1.03 to 1.17)

*More activities prevented by pain
(OR 1.57 95% CI 1.25 to 1.97)

*Self-reported arthritis
(OR 1.3995% CI 1.12 to 1.74)

*Poorer perceived general health
(OR 1.65 95% CI 1.31 to 2.08)

*Higher number of prescribers
(OR 1.33 95% CI1.25to 1.41)

*Opioids use
(OR 1.83 CI 1.32 t0 2.53)

*Benzodiazepines use
(OR 1.9595% CI 1.58 to 2.47)

*Rare physical activity
(OR 1.49 95% CI1.10 to 2.02)

*Decreased likelihood of being in this
group if Household income > 20,000
Can$
(OR 0.66 95% C10.51 to 0.85)

“Always in
polypharmacy” group

« Older age
(OR 1.04 95% CI 1.03 to 1.05)

* Born in Canada
(OR 2.60 95% CI 1.37 to 4.96)

* Higher comorbidity index
(OR 1.1295%CI 1.06 to 1.19)

* More severe pain intensity
(OR 1.48 95% CI 1.12to 1.96)

* More activities prevented by pain
(OR 1.5295% CI 1.26 to 1.83)

« Self-reported arthritis
(OR 1.41 95% CI 1.17 to 1.70)

* Self-reported back pain
(OR 1.2595% CI 1.04 to 1.50)

* Poorer perceived general health
(OR 2.41 95% CI 1.97 to 2.94)

» Having a family physician
(OR 1.7795%CI 1.20to 2.61)

« Higher number of visits to a family physician
(OR 1.04 95% CI 1.01 to 1.06)

« Higher number of prescribers
(OR 1.40 95% CI 1.33 to 1.48)

« Higher number of specialist visits *
(OR 1.02 95% CI 1.00 to 1.04)

* Opioids use
(OR 2.83 95% CI 2.20 to 3.63)

* Benzodiazepines use
(OR 3.04 95% CI 2.55 to 3.64)

*No or ional alcohol
(OR 2.28 95% CI 1.85 to 2.80)

* Rare physical activity (vs. regular)
(OR 1.68 95% CI 1.29 to 2.19)

* Decreased likelihood of being in this group if
Household income > 20,000 Can$
(OR 0.60 95% CI 0.48 to 0.75)

v

FIGURE 4

categorical. *Borderline statistical significance

Participants’ sociodemographic and clinical characteristics significantly associated with the different trajectories in the multivariable multinomial
regression analysis (reference: "no polypharmacy group”). Age, the number of people in the household, the comorbidity index of Charlson and
Elixhauser, and the number of healthcare visits or prescribers were included in the model as continuous variables; the remaining of variables were

Sex and polypharmacy

For both male and female participants, we found four similar
excessive polypharmacy trajectories. One difference concerned
the proportion of participants per trajectory: slightly more males
than females were in the “no excessive polypharmacy” group
(80% vs. 74%), and that slightly more females than males were in
the “always in excessive polypharmacy” group (12% vs. 7%). This
result is consistent with previous studies showing that
polypharmacy is more frequent in females than in males (the
terms sex and gender were used interchangeably in these studies)
(78-82). When Zahlan et al. (18) assessed factors associated with
self-reported use of >10 medications, gender identity was not
significantly associated with excessive polypharmacy according to
the multivariable analysis. Also, no statistical difference across
sex was found by Giummara et al. (19) as for the prevalence of

Frontiers in

polypharmacy in a CP sample (defined as >2 pain medications).
According to a recent systematic review of factors associated with
polypharmacy including 106 studies (not in the field of pain)
(83), no association was highlighted between sex and
polypharmacy. Future studies should aim at achieving a thorough
sex- and gender-based analysis to further investigate such
differences, including various ways of operationalizing
polypharmacy (e.g., >5 medications, >10 medications, number of
medications and polypharmacy longitudinal trajectories).

Age and excessive polypharmacy

Many pain and non-pain studies showed a positive association
between older age and polypharmacy (18, 75, 83-85). The increase

in the population aged 65 and over (86, 87) as well as the
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lengthening of life  expectancy, raises methodological
considerations for research such as the need to consider sub-
populations aged 80 and over. According to the World Health
Organization (88), 1 out of 6 people in 2030 will be aged over 60
years old and the number of people aged over 80 will triple by
2050 to 426 million. That is why it is important to focus on
people who are aging well. In this study describing four excessive
polypharmacy trajectories, age was considered as a categorical
variable to better understand the nuances between people over
65 and those over 80. Almost half the people in the “no
excessive polypharmacy” trajectory were over 65, and 11% were
over 80. This finding should be the subject of subsequent studies
to better understand the characteristics of these “healthy” elderly
people living with CP, in order to generate knowledge that fits in

with government strategies on aging (87).

Unexpected associations

Many associations found in this study can be explained by the
increase in chronic diseases with age, thus the growing use of
multiple medications. However, some associations were
unexpected, such as a higher likelihood of being in excessive
polypharmacy when not consuming alcohol or when born in
Canada. Regarding alcohol, a possible explanation could be that
it is not advisable to consume it when taking medication. As for
the country of birth, our results align with a recent cross-
sectional study that noted such an association (18). Potential
explanations include differences in medication use between
countries, lack of access to healthcare/prescribers or choice of
(e.g, herbal therapy,

). Future research should be carried out to

using more traditional treatments
acupuncture) (89,

better understand these associations.

Implications for clinicians

Persons living with CP are particularly at greater likelihood of
polypharmacy (>5 medications) and excessive polypharmacy (>10
medications), as shown by previous studies (24-26) as well as ours.
Although polypharmacy can be rational and can lead to positive
clinical outcomes by approaching diseases through multiple
mechanisms of action (21, 34), clinicians such as physicians,
pharmacists and primary care nurses should be vigilant to
excessive polypharmacy in CP and risk of adverse events. In fact,
we found that 1 out of 6 persons living with CP was in the
“often” or “always excessive polypharmacy” groups. Our results
identified factors associated with trajectory membership, to guide
clinicians in identifying those most at risk and offer a better
follow-up. These people are older individuals, born in Canada,
with a low annual household income, have a high comorbidity
index, severe pain intensity, report higher functional impact of
pain, report arthritis or back pain, have poorer general health,
use opioids or benzodiazepines, and rarely engage in physical
activity. Those individuals had a family physician, a high number
of visits to a family physician, and a high number of prescribers,
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which could suggest that they may have the opportunity to
receive a close medication follow-up, but could also suggest lack
of coordinated care. Regular structured medication reviews (91)
should be carried out in this population. Medication reviews seek
to enhance a patient’s understanding of their medication
regimen, identify, and resolve drug therapy problems, and
improve health outcomes (91). It can help clinicians inform
persons living with CP of the risks associated with excessive
of the
interactions, optimize their pharmacotherapy and evaluate the

polypharmacy, make them aware risks of drug

relevance of deprescribing (92), especially as our results show
that excessive polypharmacy is more frequent among opioids and
benzodiazepines users. A possible explanation for the association
between opioids use and polypharmacy could be a higher pain
intensity (14), requiring more medications. However, adverse
effects of opioids and benzodiazepines could affect daily activities
(14). Future studies should explore patients’ perspectives on the
pros and cons of excessive polypharmacy, in addition to
examining the impacts of interventions that guide patients
toward potentially safer medication use patterns.

Strengths and limits

The large sample size and diversity of profiles (community
sample) contribute to the external validity of this study.
However, including only participants with public drug insurance
may lead to a sample that is older or socioeconomically
disadvantaged, which could introduce bias. Also, it limited our
ability to explore the impact of public vs. private coverage of
prescription drugs on polypharmacy patterns. This should be
explored in future studies. We must also emphasize that further
studies should be conducted with more culturally diverse
populations, considering the small number of Indigenous and
racialized individuals in our sample. In terms of information
bias, although we had access to the prescriptions claimed by each
participant, a limitation is that participants may also have used
over-the-counter medications, thereby underestimating excessive
polypharmacy in our sample. We should acknowledge the limits
of using pharmaceutical services database in the sense that
obtaining a medication (by filling a prescription and purchasing
it) does not necessarily prove actual use or consumption of the
medication. Also, the year of survey completion (index date) was
not related to a significant event in the patient’s life trajectory
(e.g., diagnosis). As a result, the trajectory model presented in
this study yields a random picture of a part of participants’ life
span. It would be interesting in future studies to examine
whether longer follow-up periods could capture more variations
Cohort’s
advantages clearly outweigh its disadvantages since, to our

in patterns of excessive polypharmacy. TorSaDe
knowledge, no pain-specific Canadian data source outside tertiary
care settings links self-reported data of thousands of patients
with longitudinal health administrative data. Confounding was
controlled through multivariable analysis in a large sample of
participants and with a large variety of potential confounders.
Although were comorbidities,

analyses adjusted  for
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benzodiazepines, and opioids use, not all classes of medications
were accounted for. Finally, we cannot rule out the possibility of
social desirability bias for certain variables such as alcohol
consumption, smoking or physical activity.

Conclusion

This project carried out in a large representative sample of
people living with CP, highlighted that these individuals do not
have the same chances of experiencing excessive polypharmacy
according to different sociodemographic characteristics, pain-
related variables, general health and lifestyle profile variables, and
healthcare variables. Given the potential risks associated with
excessive polypharmacy, it is important for clinicians to be able to
identify these at-risk individuals that should be prioritized for a
structured review of their medications. Nevertheless, polypharmacy
can be rational (21, 34), by addressing pain through different
mechanisms of action, in addition to comfort medications and for
managing other diseases. Pharmacotherapy should therefore be
approached by weighing the risks and benefits for each patient
(personalized approach), in collaboration between the prescribers,
community pharmacists, and other clinicians responsible for
providing patient care and services.
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