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A ntimicrobial resistance is an urgent public health 
threat. A study from the United Kingdom estimates 
that in the absence of significant intervention, deaths 

from drug-resistant infections will surpass deaths from can-
cer by 2050, resulting in 10 million deaths annually.1 Antibi-
otic use is the most important modifiable risk factor associ-
ated with the development of antimicrobial resistance at both 
the individual patient and population levels.2,3 In Canada, 
approximately 92% of antibiotics are used outside of the 
acute care hospital setting.4 In the United States it is esti-
mated that 30% of all antibiotics prescribed in the commu-
nity are unnecessary.5 A recent study from Canada found 
that almost 50% of Ontario seniors with upper respiratory 
infections inappropriately receive antibiotics, suggesting 
there are opportunities to reduce community antibiotic use.6 

Antimicrobial stewardship is one of Accreditation Canada’s 
Required Organizational Practices for hospitals. The most 
effective antimicrobial stewardship interventions in hospitals 
have involved direct engagement with prescribers to promote 
behaviour change.7 There is no comparable requirement to 

promote appropriate antibiotic use in the community. It is 
challenging to implement antimicrobial stewardship strategies 
that are used in hospitals in a community setting. Most family 
physicians work in small groups or solo practices with no 
administrative oversight, minimal access to real-time consul-
tations with infectious disease specialists or pharmacists for 
antimicrobial stewardship, and limited means to collect or 
analyze prescribing data. Despite an increasing focus on anti-
microbial resistance and stewardship, antibiotic utilization 
rates have not declined over the last decade.4,8,9 The ability to 
measure antibiotic use in the community is a critical step in 
implementing effective stewardship interventions. Using a 
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Background: Regional variability in antibiotic use is associated with both antibiotic overuse and antimicrobial resistance. Our objec-
tives were to benchmark outpatient antibiotic use and to evaluate geographic variability among health regions in the province of 
Ontario, Canada.

Methods: This was a cross-sectional study of antibiotics dispensed from outpatient retail pharmacies in Ontario between March 2016 
and February 2017. We analyzed variability in the number of antibiotic prescriptions dispensed per 1000 population among Ontario’s 
14 health regions with crude and adjusted Poisson regression models. Adjusted models controlled for rurality, 4 physician character-
istics and 6 population characteristics.

Results: There were 8 352 578 antibiotics dispensed during the 1-year study period or 621 per 1000 population. The most commonly 
prescribed antibiotic classes were narrow-spectrum penicillins, macrolides, first-generation cephalosporins and second-generation 
fluoroquinolones, with adult women receiving the highest rate of prescriptions: 985 antibiotic prescriptions per 1000 population. There 
was geographic variability in total and class-specific antibiotic use. In the health region with the highest use 778 antibiotics were dis-
pensed per 1000 population whereas in the health region with the lowest use 534 antibiotics were dispensed per 1000 population. 
The adjusted marginal standardized antibiotic prescription rates for the health regions with the highest and lowest use were 787 (95% 
confidence interval [CI] 658–934) and 546 (95% CI 494–606) antibiotic prescriptions per 1000 population, respectively.

Interpretation: We described baseline antibiotic usage in Ontario over a 12-month period, noting variability among some health 
regions. Our findings highlight the need for interventions to optimize antibiotic use and slow the emergence of antimicrobial resistance.
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proprietary population-based Ontario data set, our objective 
was to describe the geographic variability of antibiotic use to 
inform future community-based interventions.

Methods

Setting and design
We performed a 12-month cross-sectional study analyzing 
outpatient antibiotic use across Ontario, Canada, between 
Mar. 1, 2016, and Feb. 28, 2017, at the level of the forward 
sortation area, which is a geographic unit defined by the first 
3 characters in the Canadian postal code. We had a specific 
interest in comparing antibiotic variability across Ontario’s 
14 health regions. The health regions are responsible for 
planning, integrating and distributing government funding 
for all public health care services in Ontario.

Data source
We obtained data on antibiotics dispensed by outpatient 
Ontario pharmacies from the GPM database from IQVIA (for-
merly QuintilesIMS). The data set consists of aggregated anti-
biotic prescription counts at the level of the forward sortation 
area. Forward sortation areas were assigned to the health 
regions in which they were located. Approximately 95% of the 
forward sortation areas fell completely within the boundaries of 
a single health region. When forward sortation area boundaries 
overlapped health region boundaries, the forward sortation 
areas were assigned to the health region that included the main 
population centre. Forward sortation areas without pharmacies 
were combined with the largest neighbouring forward sortation 
area. IQVIA creates the GPM database by obtaining prescrip-
tions directly from outpatient pharmacies as well as insurance 
claims and sales data. The Ontario portion of this database is 
derived from a sample of 65% of prescriptions from 4391 out-
patient pharmacies.10 Insurance claim and sales databases are 
merged to supplement the pharmacy data. IQVIA then applies 
a geospatial projection algorithm so that the antibiotic prescrip-
tion counts are representative of 100% of the population.11 
Briefly, IQVIA projects antibiotic prescriptions from pharma-
cies not included in their data set on the basis of the volume of 
prescriptions from surrounding pharmacies and the geographic 
distance between the captured and non-captured stores. Their 
methodology is proprietary but routinely internally validated.12 
Hospital sales data from IQVIA have been previously vali-
dated.13 Outpatient antibiotic data from IQVIA represent the 
most complete population-based source of data in many juris-
dictions,4,12 but to our knowledge these data have not been 
externally validated. 

Eligible antibiotics include oral systemic antibacterial 
agents from the J01 class of pharmacologic agents categorized 
according to the World Health Organization’s Anatomic 
Therapeutic Classification System.14 Total and 13 class-
specific antibiotic prescription counts were grouped as penicil-
lin without β-lactamase inhibitors, penicillin with β-lactamase 
inhibitors, first-generation cephalosporins, second- and third-
generation cephalosporins, second-generation fluoroquino-
lones, third-generation fluoroquinolones, macrolides, tri

methoprim and/or sulfonamides, tetracyclines, lincosamides, 
nitrofurantoin, metronidazole and others. The antibiotic 
classes were further organized by most common indication: 
respiratory, skin, urinary and other. Although there are over-
lapping indications for several of these agents, these classifica-
tions provide an approximation of antibiotic selection prac-
tices by indication (Supplementary Table A1, Appendix 1, 
available at www.cmajopen.ca/content/6/4/E445/suppl/DC1). 
The population denominator was obtained from 2016 Cana-
dian census data.15

Covariates
The Xponent database from IQVIA was used to measure 
physician characteristics within each forward sortation area: 
physician density (defined as the number of physicians per 
1000 population), proportion of family physicians (defined as 
the number of family physicians divided by all physicians in 
that area), proportion of male to female physicians, propor-
tion of physicians in early-career stage (defined as physicians 
in practice for < 11 years divided by all physicians), proportion 
of physicians in mid-career stage (physicians in practice for 
11–24 years divided by all physicians) and proportion of phy-
sicians in late-career stage (physicians in practice for 
> 24 years divided by all physicians). We determined whether 
each dispensing pharmacy was in a rural or urban area by the 
second character of the pharmacy’s forward sortation area.16 
Using 2016 Canadian census data, we incorporated popula-
tion covariates on the proportion of 6 patient age and sex 
groupings (boys/girls age < 18 yr, men/women age 18–64 yr 
and men/women age ≥ 65 yr), the proportion of residents who 
were of Indigenous descent, the proportion of residents who 
were immigrants, the proportion of residents in low-income 
households and the proportion of residents without a post-
secondary education. Detailed variable definitions are avail-
able from the Census Program of Statistics Canada.15

Statistical analysis
Forward sortation area was the unit of analysis. We presented 
outpatient antibiotic use by number of dispensed prescriptions 
per 1000 population for total and class-specific antibiotics. 
Crude and adjusted models were constructed to test the 
hypothesis that variability between regions existed both before 
and after adjusting for important population and physician 
differences. For crude and adjusted estimates, we built Pois-
son regression models of antibiotic prescription counts at the 
level of forward sortation area with offsets corresponding to 
the logarithm of the population size. To account for cluster-
ing at the level of forward sortation area causing overdisper-
sion, all Poisson models were estimated using generalized 
estimating equations with an exchangeable correlation struc-
ture. In crude models, we included just the region-level vari-
able as an explanatory variable. In adjusted models, we also 
included, a priori, all of the aforementioned covariates of 
rurality, physician density, proportion of family physicians, 
proportion of male physicians, proportion of early-, mid- or 
late-career-stage physicians, population age and sex, and pro-
portions of low-income, Indigenous and immigrant residents 
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and residents lacking post-secondary education. Adjusted 
region-specific rates were estimated using the marginal stan-
dardization method, which estimates rates as if all the regions 
have the same covariate distribution, equal to that of the aver-
age of all regions.17 Crude and adjusted region-specific 95% 
confidence intervals (CIs) were calculated using bootstrap-
ping.18 We used type III tests (F statistics) with 13 degrees of 
freedom to assess the overall statistical significance of variabil-
ity between the 14 health regions. Type III tests assess the sta-
tistical significance of each health region accounting for the 
other 13 health regions in the model. Statistical significance 
was defined as p < 0.05. Statistical analyses were performed in 
SAS version 9.3 (SAS Institute).

Ethics approval
This study received research ethics board approval from Pub-
lic Health Ontario.

Results

There were 8 352 578 antibiotics dispensed during the 
12-month study period, or 621 antibiotics per 1000 popula-
tion. The population age and sex distributions were similar 
among the health regions (Table 1). Narrow-spectrum 
penicillins, macrolides, first-generation cephalosporins and 

second-generation fluoroquinolones were the most fre-
quently prescribed antibiotic classes. There was significant 
variability by patient age and sex, with women aged 
65 years and older receiving 985 antibiotics per 1000 popu-
lation whereas men aged 18–64 years received 441 antibiot-
ics per 1000 population (p < 0.001) (Table 2). Approxi-
mately 80% of all antibiotics prescribed to children were 
drugs most commonly used for respiratory indications 
(most commonly narrow-spectrum penicillins and macro-
lides); women ≥ 65 years of age more commonly received 
urinary agents (nitrofurantoin, second-generation fluoro-
quinolones and trimethoprim and/or sulfonamides). Fluo-
roquinolones comprised 17%, 20%, 9%, 10%, 0.4% and 
0.2% of all antibiotics prescribed to women aged 65 years 
and older, men 65 years and older, women 18–64 years of 
age, men 18–64 years of age, girls less than 18 years of age 
and boys less than 18 years of age, respectively (Figure 1).

We observed geographic variability in antibiotic use among 
some health regions. In the 3 regions with the highest use 778, 
742 and 673 antibiotics were dispensed per 1000 population, 
whereas in the 3 regions with the lowest use 549, 537 and 534 
antiobiotics were dispensed per 1000 population (Figure 2). 
There was also variability in the use of broader spectrum anti-
biotics, including lincosamides, fluoroquinolones and second- 
and third-generation cephalosporins (Figure 3).

Table 1: Population demographics in Ontario by health region in 2016

Health region

Accredited 
pharmacies, 

no.*
Total 

population, no.

 Boys 
age < 18 yr,

no. (%)†

Girls 
age < 18 yr,

 no. (%)†

Men 
age 18–64 yr,

no. (%)†

Women 
age 18–64 yr, 

no. (%)†

Men 
age ≥ 65 yr,

no. (%)†

Women 
age ≥ 65 yr,

no. (%)†

Central 603 1 827 890 191 365 (10) 181 065 (10) 562 490 (31) 609 595 (33) 126 235 (7) 157 220 (9)

Central East 492 1 561 100 158 455 (10) 151 535 (10) 475 115 (30) 502 420 (32) 122 765 (8) 150 585 (10)

Central West 279 919 600 112 690 (12) 105 375 (11) 288 020 (31) 298 230 (32) 52 995 (6) 62 315 (7)

Champlain 360 1 236 780 125 615 (10) 120 675 (10) 383 865 (31) 400 315 (32) 93 100 (8) 113 355 (9)

Erie St. Clair 212 617 100 63 680 (10) 60 450 (10) 186 510 (30) 190 150 (31) 52 670 (9) 63 745 (10)

Hamilton Niagara  
Haldimand Brant

519 1 384 220 137 795 (10) 130 605 (9) 417 155 (30) 433 270 (31) 118 805 (9) 146 625 (11)

Mississauga 
Halton

400 1 132 555 126 690 (11) 120 365 (11) 353 595 (31) 373 260 (33) 71 240 (6) 87 295 (8)

North East 185 564 460 53 035 (9) 50 275 (9) 170 585 (30) 173 615 (31) 54 510 (10) 62 295 (11)

North Simcoe 
Muskoka

135 510 945 52 220 (10) 49 650 (10) 155 810 (30) 160 175 (31) 42 970 (8) 50 075 (10)

North West 72 228 195 24 125 (11) 22 670 (10) 69 975 (31) 70 190 (31) 19 225 (8) 22 005 (10)

South East 151 547 205 50 530 (9) 48 115 (9) 163 910 (30) 167 095 (31) 54 355 (10) 63 080 (12)

South West 286 970 240 101 115 (10) 96 455 (10) 290 975 (30) 298 895 (31) 82 750 (9) 100 060 (10)

Toronto Central 454 1 186 530 94 960 (8) 90 475 (8) 409 775 (35) 424 750 (36) 72 005 (6) 94 395 (8)

Waterloo 
Wellington

243 761 815 82 765 (11) 78 790 (10) 240 950 (32) 244 315 (32) 51 905 (7) 62 930 (8)

Total 4391 13 448 635 1 375 040 
(10)

1 306 500 
(10)

4 168 730 
(31)

4 346 275 
(32)

1 015 530 
(8)

1 235 980 
(9)

*The pharmacy data are as of Sept. 4, 2018.10

†Row percentage of the population that is in this age and sex stratum.
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Table 2: Crude regional rate of outpatient antibiotic use per 1000 population between Mar. 1, 2016, and Feb. 28, 2017, stratified by 
population age and sex

Health region
Total no. of 
antibiotics

Antibiotic use rate per 1000 population during study period

All residents 
Boys 

age < 18 yr 
Girls 

age < 18 yr
Men 

age 18–64 yr
Women 
18–64 yr

Men 
age ≥ 65 yr 

Women 
age ≥ 65 yr

Central 1 143 402 626 540 558 451 692 852 995

Central East 953 269 611 520 546 445 687 773 907

Central West 597 585 650 566 562 489 753 885 1001

Champlain 660 223 534 392 420 375 621 737 878

Erie St. Clair 480 199 778 733 780 540 880 904 1110

Hamilton Niagara  
Haldimand Brant

931 476 673 510 552 464 759 878 1108

Mississauga Halton 840 333 742 593 617 557 843 1043 1204

North East 342 007 606 466 525 426 712 737 912

North Simcoe 
Muskoka

274 400 537 383 427 363 611 705 925

North West 149 335 654 488 574 468 773 784 1022

South East 319 482 584 433 509 392 681 724 882

South West 571 845 589 460 497 394 658 773 1018

Toronto Central 671 100 566 503 506 397 646 792 887

Waterloo Wellington 417 922 549 419 445 388 643 764 920

Total 8 352 578 621 508 537 441 706 817 985
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Figure 1: Crude rate of outpatient use of oral antibiotics per 1000 population by drug class between Mar. 1, 2016, and Feb. 28, 2017, in 
Ontario, stratified by patient age and sex.
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After multivariable adjustment, there was minimal change 
in the marginal standardized rates of antibiotic use (Figure 4). 
The region with the highest use was in the southwest of the 
province (Erie St. Clair), with 787 (95% CI 658–934) antibi-
otic prescriptions per 1000 population per year, and the 
region with the lowest use was in the eastern part of the prov-
ince (Champlain), with 546 (95% CI 494–606) antibiotic pre-
scriptions per 1000 population. The type III test for overall 
health region variability was p = 0.0597. Full model results are 
in the Supplementary Table A2 in Appendix 1.

Interpretation

We defined baseline antibiotic use in Ontario and identified 
some geographic variability among the province’s 14 health 
regions. There was minimal change when the rates were 
adjusted for physician and population characteristics. The 
overall variability between regions was not statistically signifi-
cant, but the large adjusted differences observed between the 
regions with the highest and lowest use support the need for 
antimicrobial stewardship interventions.

Addressing the rising rates of antimicrobial resistance 
through improved antibiotic use is a local and global priority. 
Data showed a modest decline in antibiotic use in Canada 
from 1995 to 2010, suggesting that efforts to raise public and 
provider awareness of rising antimicrobial resistance have 
met with some success.19,20 However, a recent analysis showed 
stable use of antibiotics by Ontario seniors over the past 
decade,9 despite evidence of substantial overuse in this popu-
lation.6 In the US similar data have been used to identify sub-
stantial inter-state variablity in antibiotic use. Overall the US 
uses 833 antibiotics per 1000 population, with some of the 
southern states using twice the amount used by the north-
western states. The amount of outpatient antibiotics used in 
Ontario is similar to that in the states with the lowest use21 but 
substantially higher than that of many European countries.22 
We identified important differences in antibiotic use among 
patients in different age and sex strata. These differences were 
partially explained by the higher use of nitrofurantoin, sec-
ond-generation fluoroquinolones, and trimethoprim and/or 
sulfonamides, probably reflecting antibiotic prescribing for 
urinary infections.
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Figure 2: Health region geographic variability in crude rate of antibiotic use per 1000 population between Mar. 1, 2016, and Feb. 28, 2017.
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The explanations for the variability in antibiotic use  
observed in this and other studies are complex. Potential con-
tributing factors include patient complexity, patient expecta-
tions, socioeconomic status, remoteness and physician access, as 
well as both patient and physician knowledge. In this study we 
incorporated some regional physician and population variables 
that could account for population differences and diffferences in 
health care access. A number of studies have suggested that pre-
scriber factors are the key driver of higher antibiotic use. Several 
Canadian studies have identified physician practice type, prac-
tice volume, later career stage and prior prescribing patterns as 
significant predictors of high or inappropriate antibiotic use.23–25 
Similarly, a study of a large Veteran Affairs population in the US 
showed that certain providers tended to prescribe antibiotics for 
acute respiratory infection while others did not, independent of 
patient and location factors.26 Therefore, the geographic vari-
ability we observed may be explained by physician prescribing 
behaviours being more similar among physicians in close prox-
imity than among those in different health regions.

Overuse of antibiotics has multiple downstream and long-
term public health implications, making antimicrobial steward-
ship an important patient safety initiative. Numerous studies 

have identified the association of antibiotic use with resistance, 
at both ecological and individual-patient levels.2,3 Studies from 
the US have identified the importance of the geographic 
variability of antibiotic use on resistance rates of Streptococcus 
pneumoniae as well as community-associated Clostridium difficile 
infections.27,28 Furthermore, it is estimated that there are 
4 emergency department visits for adverse drug events for 
every 1000 individuals, with antibiotics representing one of the 
most common culprits.29 Inappropriate inpatient antibiotic use 
has been directly associated with adverse patient outcomes.30

The geographic variability in antibiotic use has implica-
tions for community stewardship interventions. A potential 
provincial strategy could be to initiate a stewardship program 
targeting the highest prescribers, as changing the behaviour of 
this group would be expected to have the greatest impact.31 
However, it is probable that many prescribers in all regions 
overprescribe antibiotics, and therefore population-wide 
interventions would also be expected to produce benefits. 
Another potential strategy is to target specific high-risk agents 
such as fluoroquinolones. Health Canada recently issued a 
warning about serious adverse reactions to fluoroquinolones 
including tendinopathy, peripheral neuropathy and central 
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Figure 3: Crude rate of antibiotic use between Mar. 1, 2016, and Feb. 28, 2017, in each health region, separated by drug class.
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nervous system disorders,32 and we observed some regional 
variability in fluoroquinolone use. However, if only certain 
drug classes are targeted, overall antibiotic use is unlikely to 
decline because of the squeezing-of-the-balloon effect, where 
use of alternative antibiotics tends to increase.33

Multiple studies have been published on a variety of inter-
ventions for outpatient antibiotic use. The best evidence is for 
communication skills training, point-of-care diagnostics and 
peer-comparison feedback.31,34–37 However, multifaceted strate-
gies targeting both the general public and the prescriber are 
likely to optimize the impact of community antimicrobial stew-
ardship programs.38 This study supports the need for a prov-
ince-wide evidence-based antimicrobial stewardship program, 
with a strong surveillance component, to improve the appropri-
ate use of outpatient antibiotics and slow the emergence of 
drug-resistant infections. Personalized peer-comparison feed-
back, combined with education of the general public, has the 
greatest potential to significantly reduce unnecessary antibiotic 
use; however, multiple studies have demonstrated the lack of 

sustained impacts, highlighting the fact that programs require 
ongoing data collection, education and feedback if they are to 
be successful.31,36,38,39

Limitations
This study assessed population-level antibiotic use of more than 
13 million people and demonstrated regional variability, but it 
has some limitations. The data are based on a subset of prescrip-
tions from pharmacies, claims and sales. IQVIA then extrapo-
lates the data to estimate population use using a proprietary geo-
spatial algorithm. IQVIA data are the most complete source of 
outpatient population-based antibiotic data in many jurisdic-
tions.4,12,21,40 However, this database has not been externally vali-
dated and it is possible that the estimates of antibiotic use were 
less precise in certain regions with poorer coverage. Pharmacy 
dispensing data may not accurately represent antibiotic con-
sumption as patient adherence can vary. We were unable to 
account for other potentially important predictors of antibiotic 
variability such as patient expectations and comorbidities. Our 
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overall measure of regional variability was not statistically sig-
nificant and further observation of regional trends in antibiotic 
use over time is warranted. We were also unable to assess the 
appropriateness of antibiotic prescribing from these data as they 
do not capture patient visits or diagnoses. Other sources of 
patient-level data will be required to assess appropriateness.

Conclusion
We have identified some geographic variability in outpatient 
antibiotic use among health regions in Ontario. These data 
provide an important benchmark for expansion of a provincial 
outpatient antimicrobial stewardship program and highlight 
opportunities for interventions to optimize antibiotic use.
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