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Background: Chronic diseases may increase risk of infection and complications from infections; fear of these risks may lower clin-
icians’ tolerance threshold for the prescription of antimicrobials, thus increasing the risk of selecting resistant bacteria. We sought to
describe rates of antimicrobial use in Quebec and measure the association between chronic diseases and utilization rates.

Methods: Using the Quebec Integrated Chronic Disease Surveillance System, we analyzed data of people covered by the public drug
insurance plan in 2002-2017. Based on delivered prescriptions, we described trends in antimicrobial use in the population, and per cat-
egory of select chronic diseases (i.e., none, respiratory, cardiovascular, diabetes, mental disorder), according to age group (017 yr,
18-64 yr and > 65 yr). We computed ratios of extended-to-narrow—spectrum antimicrobials in 2014—2017. We used robust Poisson
regression to quantify the association between chronic diseases and rates of antimicrobial use among children and adults (= 18 yr).

Results: Between 2002 and 2017, 4231724 prescriptions were received over 6653473 individual-years among children; 1367492
(20.6%) individual-years had at least 1 chronic disease. Among adults aged 18-64 years, 13365577 prescriptions were received
over 24935592 individual-years; 9533493 (38.2%) individual-years had at least 1 chronic disease. Among adults 65 years or older,
11689365 prescriptions were received over 15927 342 individual-years; 12743588 (80.0%) individual-years had least 1 chronic dis-
ease. Antimicrobial use decreased among children, remained stable among younger adults and increased among older adults.
Trends were consistent across chronic disease categories in children and older adults. In 2014—2017, 19.9% of children, 39.1% of
younger adults and 79.7% of older adults had at least 1 chronic disease. Claims for extended-spectrum antimicrobials were frequent
in all age and chronic disease groups, relative to narrow-spectrum antimicrobials (ratios from 3.1:1 to 14.6:1). Antimicrobial use was
higher among people with respiratory diseases (adults: relative rate [RR] 2.09, 95% confidence interval [Cl] 2.07-2.10; children:
RR 1.62, 95% Cl 1.59-1.65), mental health diagnoses (adults: RR 1.48, 95% CI 1.46-1.49; children: RR 1.22, 95% 1.20-1.24), dia-
betes (adults: RR 1.40, 95% CI 1.28—1.41; children: RR 2.02, 95% CI 1.58-2.57) and cardiovascular diseases (adults: RR 1.31, 95%
Cl 1.30-1.32), compared with those with none of the studied chronic diseases.

Interpretation: During the study period, large proportions of antimicrobial prescriptions were for people with chronic diseases, across
the age spectrum. Interventions to reduce antimicrobial use should be tailored for these populations.

he World Health Organization (WHO) released its

Global Strategy for Containment of Antimicrobial

Resistance in 2001, recommending that governments
and health systems perform surveillance of antimicrobial
usage.! By measuring levels of antimicrobials used, surveillance
allows comparisons within jurisdictions (in time) and between
jurisdictions, with the aim of identifying unusual situations and
to determine whether public health interventions or clinical
adjustments are needed. However, although antimicrobial use
is associated with the incidence of infections in a population, it
can also reflect the population’s general health status. In par-
ticular, chronic diseases may increase an individual’s risk of
infections and complications from infections; indirectly, the
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fear of complications can also lower a clinician’s tolerance
threshold before prescribing antimicrobials.”® Hence, for a
given population, the proportion of total antimicrobial use
that can be reduced and the strategies to improve antimicrob-
ial use depend, in part, on the prevalence of chronic diseases.
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The Canadian Antimicrobial Resistance Surveillance Sys-
tem monitors antimicrobial use in humans; it shows important
variations across provinces despite the low granularity of data,
but it does not provide any insight on the potential role of
chronic diseases.” Although there is no provincial surveillance
of community (i.e., out of hospital) antimicrobial use among
all residents of Quebec, the Quebec Integrated Chronic Dis-
ease Surveillance System (QICDSS) performs surveillance of
chronic diseases and of associated drug prescriptions for peo-
ple covered by the public drug insurance plan (46% of the
province’s population).!®!! Aiming to identify populations for
targeted antimicrobial stewardship in the Quebec population,
and using data from this system, we sought to describe com-
munity antibiotic use in the population of Quebec, from 2002
to 2017, overall and according to different categories of
chronic diseases, and to estimate the magnitude of the differ-
ence in antimicrobial use associated with these diseases in
more recent years (2014-2017).

Study design

We conducted a retrospective, population-based analysis of
administrative data routinely collected by the Government of
Quebec, Canada. We followed the Reporting of Studies Con-
ducted Using Observational Routinely-Collected Health Data
(RECORD) extension to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines
and report our work accordingly.'?

Setting and study population

We included all individuals covered for at least 1 day by Que-
bec’s provincial drug insurance plan, the Régie de I’assurance
maladie du Québec (RAMQ), according to the health insur-
ance registry, between Apr. 1, 2002, and Mar. 31, 2017. In
2016, these individuals represented 27.4% of all children,
34.2% of adults aged 18-64 years and 89.6% of adults aged
65 years or older.”? Although coverage is offered to all older
adults, it is restricted to people without access to a private
insurance in other age groups (i.e., those who are self-
employed or benefitting from social assistance). Residents in
long-term care facilities are not covered by the provincial
drug insurance and were excluded. We included people only
for the period during which they were covered by provincial
drug insurance, measured in days. Quebec has a population
of around 8200000 inhabitants and has a public health sys-
tem accessible to all.!?

Data sources and variables

The QICDSS and methods for the computation of rates of
antimicrobial use have already been described in detail else-
where.!” Using a unique identifier, the QICDSS links infor-
mation from 5 administrative health databases, as follows: the
health insurance registry (Fichier d’inscription des personnes
assurées), the hospital admission and discharge database
(Maintenance et exploitation des données pour ’étude de la
clientele hospitaliére), the vital statistics death database, the
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physician claims database and the pharmaceutical services
database. Duplicates are removed. The presence of various
chronic diseases is identified using validated algorithms
developed specifically for administrative health databases
(Appendix 1, available at www.cmajopen.ca/content/10/3/
E831/suppl/DC1).1°

For the purposes of this study, our team selected the
most frequent chronic diseases that are the subject of sur-
veillance in the QICDSS, and grouped them into the fol-
lowing 5 categories based on diagnostic codes in medical
claims and hospital admissions data, and on drugs served in
pharmaceutical claims data (codes are listed in Appendix 1):
respiratory diseases (i.e., asthma or chronic obstructive pul-
monary diseases [COPDs]), diabetes, cardiovascular dis-
eases (i.e., hypertension, heart failure and ischemic heart
disease), mental health diagnoses (e.g., attention-deficit/
hyperactivity disorder, schizophrenia, anxiety disorders,
Alzheimer disease) or none of these chronic diseases. We
reassessed the presence of chronic diseases every year for
included individuals in the study, which allowed the identi-
fication of mental disorders, most of which require annual
validation. Other chronic diseases are considered life-time
prevalent once the algorithm-validated diagnosis is
recorded in the QICDSS). An individual could have more
than 1 of the studied chronic diseases.

We measured antibiotic use in prescriptions per
1000 individual-years and, for oral prescriptions for adults, in
defined daily doses per 1000 individual-days (DIDs). We
combined information in the pharmaceutical services database
(common denomination codes used in the RAMQ to identify
the drug used) to identify antimicrobial prescriptions and total
quantity served), on the WHO Collaborating Centre for
Drug Statistics Methodology website (to attribute antimicrob-
ial class and defined daily doses to each prescription) and on
the Drug Product Database online query website.!*¢ We
could not compute defined daily doses for parenteral prescrip-
tions (2.0% of community antimicrobial use; unpublished
data, 2022) or for children, because pediatric dosages are
based on the child’s weight, while standard defined daily doses
are based on doses commonly prescribed to 70 kg adults.'
We selected antimicrobials for systemic use as listed in class
JO1 of the Anatomic Therapeutic Chemical classification (see
the corresponding common denomination codes used in our
data in Appendix 2, available at www.cmajopen.ca/content/10/3/
E831/suppl/DC1)."* We grouped them by ATC classification,
as follows: tetracyclines, amphenicols, B-lactamase-resistant
penicillins, B-lactamase—sensitive penicillins, penicillins with
extended spectrum, penicillins and enzyme inhibitors, first-
generation cephalosporins, second-generation cephalosporins,
third-generation cephalosporins, fourth-generation cephalo-
sporins, carbapenems, sulfonamides and trimethoprim, ami-
noglycosides, fluoroquinolones, other quinolones, glycopep-
tides, lincosamides, macrolides, monobactams, polymyxins,
streptogramins and other antibacterials.

We computed rates of antimicrobial use per antimicrobial
class and per antimicrobial. We also stratified rates per
chronic disease category, age group (based on age on Oct. 1 of



each year), sex, region, and quintiles of social and material
deprivation indices (based on validated algorithms developed
by the Institut national de santé publique du Québec and
measured at the neighbourhood level).”” We collected demo-
graphic information from the health insurance registry. We
excluded observations with missing values for region, age, sex
or year from the analyses.

Statistical analysis

We conducted a time-series analysis, representing the evo-
lution of the use of main antimicrobial classes from 2002 to
2017, stratified by category of chronic disease and by age
group. We also computed the distribution of antimicrobials
prescribed from April 2014 to March 2017 for each category
of chronic diseases, as well as the ratio of extended-spectrum
(i.e., penicillins and cephalosporins, nonerythromycin macro-
lides and lincosamides) to narrow-spectrum antimicrobials
(i.e., penicillin G, penicillin V, cefadroxil, cephalexin, cefazo-
lin, cloxacillin and erythromycin). Kristensen and colleagues'®
used this ratio to detect differences in the use of antimicrob-
ials that tend to favour the selection of resistant strains
(extended-spectrum antimicrobials) and those that minimize
this selection (narrow-spectrum antimicrobials).!® We used
robust Poisson regression to measure the association
between categories of chronic diseases and rates of total
antimicrobial use from April 2014 to March 2017, using
generalized estimating equations with an exchangeable cor-
relation structure to account for within-person correlation
among individuals who contributed observations from mul-
tiple years. We restricted ratio computations and regression
analyses to 2014-2017 data to describe the recent years of
the study population; this also had the advantage of prevent-
ing biased results arising from changes in coding practices
(i.e., identification of chronic diseases). All categories of
chronic diseases were systematically included in the models
(even for crude rate ratios computations), meaning that rate
ratios were adjusted for the presence of other chronic dis-
eases, as there was a dummy variable for each chronic dis-
ease. Rate ratios measuring the association between chronic
diseases and utilization were adjusted only for covariables
that changed regression coefficients by at least 5% for at
least 1 of the categories of chronic diseases (age group in
children, and sex and age group in adults). Although we
stratified all other analyses for each of the 3 age groups, we
performed regressions on only 2 age groups (adults and
children). The adjustment by age group made it possible to
include all adults (= 18 yr) in the same models to obtain an
average effect. We kept children in a separate model
because fewer chronic diseases are monitored in the

QICDSS for this age group.

Ethics approval

The use of QICDSS for surveillance purposes has been
approved by the government bodies, the Public Heath Ethics
Committee and the Commission d’accés a I'information du
Québec.!® The first author had access to depersonalized
QICDSS data with support from a senior statistician (M.S.).
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Antimicrobial use per category of chronic diseases
(2002-2017)

Between Apr. 1, 2002, and Mar. 31, 2017, 4231724 prescrip-
tions were received over 6653473 individual-years among
children; 1367492 (20.6%) individual-years had at least
1 chronic disease. Among adults aged 18-64 years,
13365577 prescriptions were received over
24935592 individual-years; 9533493 (38.2%) individual-
years had at least 1 chronic disease. Among adults 65 years or
older, 11689365 prescriptions were received over
15927342 individual-years; 12743 588 (80.0%) individual-
years had least 1 chronic disease.

Opverall, antimicrobial use decreased among children (Fig-
ure 1), remained stable among younger adults (Figure 2) and
increased among older adults (Figure 3). For all age groups,
antimicrobial use was systematically lower among people
without a chronic disease. For children (Figure 1), total use
was driven by extended-spectrum penicillins, macrolides and
second-generation cephalosporins. Total use decreased by
36.9% between 2002 and 2013, going from 853 to 538 pre-
scriptions per 1000 individual-years, then it remained stable.
In the group of younger adults (18-64 yr, Figure 2), total use
was driven by fluoroquinolones, macrolides and extended-
spectrum penicillins, and remained stable throughout the
study period (540 prescriptions per 1000 individual-years in
2002 v. 542 per 1000 individual-years in 2017). Total use
decreased among people with chronic respiratory diseases and
increased among people with cardiovascular diseases or diabe-
tes. Finally, among adults aged 65 years and older, total anti-
microbial use was mainly influenced by fluoroquinolones,
macrolides and extended-spectrum penicillins. Total use
gradually increased over the observation period, from 645 to
829 prescriptions per 1000 individual-years (Figure 3); we
observed an 85.7% increase in macrolide use among people
with respiratory diseases between 2009 (174 prescriptions per
1000 individual-years) and 2017 (323 prescriptions per
1000 individual-years).

Chronic diseases and antimicrobial use (2014-2017)
The 2014-2017 demographics of the 3 age groups are
described in Appendix 3, available at www.cmajopen.ca/
content/10/3/E831/suppl/DC1. Region, age, sex or year
were missing for less than 0.4% of individuals. Quintiles of
social and material deprivation could not be attributed to
6.5% of individuals, who were treated as a separate cat-
egory. The choice of antimicrobials varied according to
chronic diseases categories (Table 1). Adults (239.8 and
302.93 prescriptions per 1000 individual-years among
younger and older adults, respectively) had lower rates of
extended-spectrum antimicrobial use than children
(455.7 prescriptions per 1000 individual-years), with the
exception of adults aged 65 years and older with a respira-
tory disease (623.4 prescriptions per 1000 individual-years).
Ratios of extended-to-narrow—spectrum antimicrobials were
also lower in adults (3.4 in younger adults and 4.0 in older
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Figure 1: Evolution of rates of (A) all antimicrobial use, (B) use of extended-spectrum penicillins, (C) use of macrolides and (D) use of second-
generation cephalosporins among children between April 2002 and March 2017, by chronic disease category. Mental disorders include many
different disorders (e.g., attention-deficit/hyperactivity disorder, schizophrenia, anxiety disorders, Alzheimer disease). “No chronic diseases”
means that none of the other categories of chronic diseases are present. Individuals with more than 1 chronic disease were included in all the
relevant categories of chronic diseases; consequently, the total values are not equal to the sum of the values for each category of chronic

diseases.

adults) than in children (13.3). Although the ratio was
higher in adults with respiratory diseases (4.8 in younger
adults and 5.9 in older adults) than in other adults, the
highest ratio in children was observed in the largest group,
namely children with no chronic disease (14.6).

In our study, 251321 (19.9%) of 1259833 individual-years
among children, 2072617 (39.2%) of 5281026 individual-
years among younger adults and 3073175 (80.0%) of
3841359 individual-years among older adults had at least
1 chronic disease. Total pediatric antimicrobial use was
538.0 prescriptions per 1000 individual-years (Table 1),
but it increased among people with diabetes (increase of
101.7%), asthma (increase of 61.7%) and mental health
diagnoses (increase of 22.2%), after adjustment for age
(Table 2), compared with those with none of the studied
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chronic diseases. Total antimicrobial use was 539.7 and
814.6 prescriptions per 1000 individual-years (12.3 DID
and 16.0 DID) among younger and older adults, respect-
ively (Table 1). Results of regressions on adult antimicrob-
ial use data show that adults with chronic respiratory dis-
eases were exposed to antimicrobials twice as much as
those without chronic diseases (increase of 108.6%), after
adjustment for age and sex (Table 2). Other chronic dis-
eases were also associated with a higher antimicrobial use,
but to a lesser extent, with an increase of 47.8% in the
presence of a mental disorder, 39.7% for diabetes and
31.4% for cardiovascular diseases. Results were similar
when modelling antimicrobial use in DID, but the effect
was smaller for mental disorders and diabetes, with
increases of 23.6% and 27.0%, respectively.
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Figure 2: Evolution of rates of (A) all antimicrobial use, (B) use of fluoroquinolones, (C) use of macrolides and (D) use of extended-spectrum
penicillins among adults aged 18-64 years, between April 2002 and March 2017, by chronic disease category. Respiratory diseases include
asthma or chronic obstructive pulmonary diseases. Cardiovascular diseases include hypertension, heart failure and ischemic heart disease.
Mental disorders include many different disorders (e.g., attention-deficit/hyperactivity disorder, schizophrenia, anxiety disorders, Alzheimer dis-
ease). “None” means that none of the other categories of chronic diseases are present. Individuals with more than 1 chronic disease were
included in all the relevant categories of chronic diseases; consequently, the total values are not equal to the sum of the values for each cat-

egory of chronic diseases.

In Quebec, between 2002 and 2017, the crude rate of pre-
scriptions per 1000 individual-years decreased among chil-
dren, remained stable among younger adults and increased
among older adults, especially for those with chronic respira-
tory diseases. Antimicrobial use was systematically higher in
subpopulations with cardiovascular diseases, respiratory dis-
eases, diabetes or mental disorders than those with no chronic
diseases. Extended-spectrum antimicrobials were prescribed
3-15 times more frequently than narrow-spectrum anti-
microbials, depending on age group and chronic disease.

In the province of Quebec, the first clinical guideline for anti-
microbial therapy was published in 2005 and was updated in

October 2009 and 2016-2017, but there is currently no ongoing
provincial surveillance of antimicrobial use in the community.!**
We observed an increase in use of macrolides and extended-
spectrum penicillin among people aged 65 years or older. As stud-
ied previously, the increase in macrolide use was driven by the use
of azithromycin, which became more popular in the treatment of
COPD exacerbations despite hesitations in issuing recommenda-
tions, given the threat of selecting resistant bacteria.*¢!* In 2009,
amoxicillin appeared for the first time in guidelines for the treat-
ment of community-acquired pneumonia, which may have con-
tributed to the observed increased use of extended-spectrum peni-
cillin among people aged 65 years or over, but was not observed
among younger adults.?> We did not have data on treatment
indications and, therefore, cannot validate this hypothesis.

CMAJ OPEN, 10(3) E835
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Figure 3: Evolution of rates of (A) all antimicrobial use, (B) use of fluoroquinolones, (C) use of macrolides and (D) use of extended-spectrum
penicillins among adults aged 65 years and older, between April 2002 and March 2017, by chronic disease category. Respiratory diseases
include asthma or chronic obstructive pulmonary diseases. Cardiovascular diseases include hypertension, heart failure and ischemic heart dis-
ease. Mental disorders include many different disorders (e.g., attention-deficit/hyperactivity disorder, schizophrenia, anxiety disorders,
Alzheimer disease). “None” means that none of the other categories of chronic diseases are present. Individuals with more than 1 chronic dis-
ease were included in all the relevant categories of chronic diseases; consequently, the total values are not equal to the sum of the values for

each category of chronic diseases.

Antimicrobial use was consistently higher among people with
chronic diseases in all age groups, despite different time trends
across age groups. The proportion of people with at least
1 chronic disease increased by 4.3% and 3.8% among younger
and older adults, respectively, between 2002 and 2017, but
remained stable among children. Despite this, antimicrobial use
decreased among children, remained stable among younger
adults and increased among adults aged 65 years or older. Our
time trends show the evolution of exposure to antimicrobials in
the population, which is important for the control of antimicrob-
ial resistance, but different analyses would be necessary to sup-
port changes in prescribing practices (e.g., stratification or adjust-
ment for age, sex, treatment indication and chronic diseases).

Quebec’s rates of antimicrobial use are among the lowest
in Canada (16.2 DID v. 17.5 DID for the entire country, in
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2018).° However, in 2019, the Netherlands (8.7 DID) had
the lowest rate in Europe and Norway had the lowest ratio
of broad-to-narrow-spectrum antimicrobials (0.15).2%*
Although these estimates include pediatric use, they are
much lower than the 2014-2017 rates (12.3 and 16.0 DID in
younger and older adults, respectively) and ratios (5.9 in
younger adults and 6.9 in older adults) in Quebec. This sug-
gests that Quebec’s antimicrobial use may still be improved.
However, rates of antimicrobial use do not inform on the
appropriateness of prescriptions, and crude statistics (i.e., no
adjustment for age, sex and chronic diseases) further compli-
cate international comparisons. It is possible that clinicians
prescribe antimicrobials more frequently for patients with
chronic diseases to prevent complications of infections in
already vulnerable individuals.
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Table 1: Unadjusted rates of antimicrobial use, and ratios of extended-to-narrow—spectrum antimicrobials, per age group and
category of chronic disease, April 2014 to March 2017

Respiratory Cardiovascular No chronic
Age Diabetes diseases* Mental disorders* diseases™ disease* Total*
group,
yr Antimicrobial Ratet DIDf Ratet DIDt Ratet DIDt Ratet DIDf Ratet DIDt Ratet DID
<18 Penicillins, 5375 - 552.8 - 468.7 - - - 485.6 - 490.0 -
cephalosporins,
macrolides,
lincosamides,
streptogramins
Extended- 464.5 - 503.3 - 421.3 - - - 454.4 - 455.7 -
spectrum
Narrow- 73.0 - 49.5 - 473 - - - 311 - 34.3 -
spectrum
Other 313.0 - 94.6 - 102.2 - - - 36.4 - 48.0 -
antimicrobials
Total antimicrobial 850.5 - 6474 - 570.9 - - - 522.0 - 538.0 -
use
Extended-to- 6.4 - 10.2 - 8.9 - - - 14.6 - 13.3 -
narrow ratio
Individual-years 2971 - 140567 - 134733 - - - 1008512 1259833 -
18-64 Penicillins, 530.0 12.1 566.8 14.3 450.8 10.6 438.3 10.4 233.4 5.5 309.4 74
cephalosporins,
macrolides,
lincosamides,
streptogramins
Extended- 405.9 10.2 469.4 12.8 352.2 9.1 343.8 9.0 176.8 4.6 239.8 6.4
spectrum
Narrow- 1241 1.9 974 15 98.6 15 94.5 14 56.6 0.9 69.5 11
spectrum
Other 549.2 9.6 4511 9.1 412.2 8.1 417.0 78 147.0 3.4 230.3 4.9
antimicrobials
Total antimicrobial 1079.2 217 1017.9 234 863.0 18.7 855.3 18.2 380.5 8.9 539.7 12.3
use
Extended-to- 3.3 5.4 4.8 8.5 3.6 6.1 3.6 6.4 3.1 5.3 3.4 5.9
narrow ratio
Individual-years 371353 - 785021 - 753880 - 891555 - 3208409 - 5281026 -
> 65 Penicillins, 480.5 9.9 729.4 16.4 4875 9.7 4279 9.1 204.2 5.0 379.2 8.4
cephalosporins,
macrolides,
lincosamides,
streptogramins
Extended- 3725 8.4 623.4 15.0 382.9 8.4 340.3 79 159.3 4.3 302.9 73
spectrum
Narrow- 107.9 15 105.9 14 104.5 14 875 12 44.9 0.7 76.2 1.1
spectrum
Other 583.6 9.5 754.8 13.0 722.0 10.3 508.9 8.6 203.2 4.1 435.4 76
antimicrobials
Total antimicrobial 1064.1 19.4 1484.2 29.5 1209.5 20.1 936.8 177 407.4 9.1 814.6 16.0
use
Extended-to- 35 5.7 5.9 10.4 3.7 6.2 3.9 6.6 35 6.4 4.0 6.9
narrow ratio
Individual-years 928714 - 930081 - 596537 - 2673545 - 768184 - 3841359 -

Note: DID = 1000 individual-days.

*Respiratory diseases include asthma or chronic obstructive pulmonary diseases. Cardiovascular diseases include hypertension, heart failure and ischemic heart disease.
Mental disorders include many different disorders (e.g., attention-deficit/hyperactivity disorder, schizophrenia, anxiety disorders, Alzheimer disease). “No chronic disease”
means that none of the other categories of chronic diseases are present. Individuals with more than 1 chronic disease were included in all the relevant categories of chronic
diseases; consequently, the total values are not equal to the sum of the values for each category of chronic diseases.

tUnless indicated otherwise. Rate of antimicrobial use in prescriptions per 1000 individual-years.

FRate of antimicrobial use in defined daily doses per DID.

CMAJ OPEN, 10(3) E837
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Table 2: Relative rates of antimicrobial use among children (0-17 yr) and adults (= 18 yr) according to category of chronic disease,
age and sex, April 2014 to March 2017

Children (rate of prescriptions per
1000 individual-years)

Adults (rate of prescriptions per 1000
individual-years)

Adults (defined daily doses per DID)

Crude rate ratio

Adjusted rate

Crude rate ratio

Adjusted rate

Crude rate ratio

Adjusted rate

Cardiovascular diseases
Mental disorders
Respiratory diseases
Diabetes
Age group, yr
0-1
2-4
5-9
10-17
18-29
30-39
40-49
50-64
65-69
70-79
>80
Sex
Male

Female

1.05 (1.03-1.07)
1.20 (1.18-1.22)
1.51 (1.18-1.94)

Ref.
0.70 (0.69-0.71)
0.46 (0.45-0.46)
0.30 (0.30-0.31)

Ref.
1.05 (1.04-1.06)

1.22 (1.20-1.24)
1.62 (1.59-1.65)
2.02 (1.58-2.57)

Ref.
0.68 (0.67-0.69)
0.42 (0.42-0.43)
0.27 (0.27-0.27)

1.35 (1.34-1.36)
1.52 (1.51-1.53)
2.12 (2.10-2.13)
1.37 (1.35-1.38)

Ref.
0.96 (0.95-0.97)
0.99 (0.98-1.01)
1.18 (1.17-1.19)
1.32 (1.31-1.34)
157 (1.55-1.58)
2.06 (2.04-2.09)

Ref.
1.45 (1.44-1.47)

1.31 (1.30-1.32)
1.48 (1.46-1.49)
2.09 (2.07-2.10)
1.40 (1.38-1.41)

Ref.
0.98 (0.97-0.99)
0.94 (0.93-0.95)
0.93 (0.92-0.94)
0.93 (0.92-0.94)
0.98 (0.97-0.99)
1.1 (1.09-1.13)

Ref.
1.41 (1.40-1.42)

1.30 (1.29-1.31)
1.25 (1.24-1.25)
2.19 (2.18-2.21)
1.24 (1.23-1.26)

Ref.
0.97 (0.96-0.98)
1.00 (0.99-1.01)
1.16 (1.15-1.17)
1.28 (1.26-1.29)
1.40 (1.38-1.41)
1.48 (1.46-1.49)

Ref.
1.32 (1.31-1.33)

Variable (95% Cl) ratio* (95% CI) (95% Cl) ratio* (95% Cl) (95% ClI) ratio* (95% CI)
Chronic diseasest
No chronic disease Ref. Ref. Ref. Ref. Ref. Ref.

1.33 (1.32-1.34)
1.24 (1.23-1.24)
2.18 (2.17-2.20)
1.27 (1.26-1.28)

Ref.
1.00 (0.99-1.02)
0.98 (0.96-0.99)
0.97 (0.96-0.98)
0.98 (0.96-0.99)
0.97 (0.96-0.98)
0.90 (0.88-0.91)

Ref.
1.29 (1.28-1.30)

Note: Cl = confidence interval, DID = 1000 individual-days, Ref. = reference category.
*The adjusted model for children is adjusted for age group. The adjusted models for adults are adjusted for age group and sex.

tRespiratory diseases include asthma or chronic obstructive pulmonary diseases. Cardiovascular diseases include hypertension, heart failure and ischemic heart disease.
Mental disorders include many different disorders (e.g., attention-deficit/hyperactivity disorder, schizophrenia, anxiety disorders, Alzheimer disease). “No chronic disease”

means that none of the other categories of chronic diseases are present.

The association between chronic disease and antimicrobial
use observed in this study is similar to results from other stud-
ies. The increased use of antimicrobials among people with
chronic respiratory diseases is well known. In British and Dan-
ish children, antimicrobial use was 1.6 times higher among
children with asthma than among those without asthma, iden-
tical to our estimate of 1.6.? A British study with a similar study
design to ours observed that antimicrobial use among adults
was 3.0 times higher in the presence of COPD and 1.6 times
higher in cases of asthma.’ Our estimate, including patients
with COPD or asthma, was 2.1. Other chronic diseases are
also associated with increased antimicrobial use. An Australian
study reported 1.3 times more antimicrobial treatments against
influenza-like illnesses among patients with any chronic dis-
ease compared with patients without such a disease.” A British
study also reported increases in antimicrobial use ranging
between 40% and 70% among adults with diabetes or cardio-
vascular diseases; our own estimates varied between 31% and
40%.> An explanation for this increase could relate to the pro-
cess leading to the diagnosis of asthma, COPD or heart failure,
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given that antimicrobial use was higher in the 3 months pre-
ceding diagnosis, but returned to normal after the diagnosis.®
Finally, ratios of extended-to-narrow—spectrum antimicrobials
suggest that chronic diseases, especially chronic respiratory
diseases, also influence the choice of the agent, possibly to pre-
vent complications and interactions with drugs prescribed for
the treatment of chronic diseases.*

Limitations

Because the coverage offered by the public drug insurance
excludes people younger than 65 years who can access a pri-
vate insurance, our study population is not representative of
the general population. For instance, people with chronic dis-
ease and those of lower socioeconomic status may be over-
represented in this study compared with the general popula-
tion, influencing unadjusted global results. However, a
comparison of our data with IQVIA data (which include 97%
of Quebec’s community pharmacies) showed that rates of pre-
scriptions per 1000 individual-years were almost equal after
adjustment for age.” Still, we used prescriptions as a proxy for



use, as is often the case in similar studies, and cannot measure
how frequently antibiotics delivered by local pharmacies are
actually used by patients. Another potential limitation to our
results was that we counted the number of acts performed by
community pharmacists, meaning that treatments split into
2 pillboxes count as 2 prescriptions. People with chronic dis-
eases, and thus complex therapies, are more likely to use pill-
boxes. As our results were similar for rates in DID and rates
in prescriptions per 1000 individual-years, we are reassured
that this bias does not compromise the validity of our conclu-
sions. In addition, QICDSS uses validated algorithms to iden-
tify people with certain chronic diseases, but other chronic
diseases with a suspected impact on antimicrobial use are not
monitored, such as renal failure, cystic fibrosis and diseases
leading to immunosuppression.’ Therefore, the “no chronic
disease” group will include some people with other chronic
diseases, potentially attenuating differences from the other
chronic disease groups represented in analyses. Changes in
consultation habits and diagnostic coding preferences over
time may have affected categories of chronic diseases despite
applying the same algorithms for the entire study period; this
is why we limited some analyses to the last 3 years of the
study period. Also, the stage of chronic diseases is not docu-
mented in the QICDSS; had it been accounted for in our
analyses, the associations for advanced chronic diseases would
probably have been larger than the average estimates pre-
sented here.® Finally, as for any observational study, and espe-
cially given the limited available covariables, residual con-
founding is still possible.

Conclusion

The rates of antimicrobial use in Quebec are relatively low
and a very large proportion of prescribed quantities are for
individuals with at least 1 chronic disease, who receive
more antimicrobial prescriptions than people without
chronic diseases. This raises the question of whether anti-
microbial use can be reduced or improved to limit the
selection of resistant bacteria, especially when chronic dis-
eases further complicate the choice of antimicrobial treat-
ment. We could not distinguish between justified use and
use that was a precaution, but given the magnitude of the
difference between people with and without chronic dis-
eases, interventions targeting use of antimicrobials as a pre-
caution may have an important impact on rates of anti-
microbial use among people with chronic diseases. This
question should be investigated.
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