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ABSTRACT 
 
 
 
RISK FACTORS FOR THE USE OF MACROLIDE AND FLUOROQUINOLONE 

ANTIMICROBIALS BY HUMAN POPULATIONS IN CANADA 2000-2006  

 
 

Shiona K. Glass      Advisor:  
University of Guelph, 2009      Dr. David L. Pearl 
 
 
  

Multivariable linear and negative binomial models were produced to assess 

relationships among socioeconomic and influenza rate data with the use of macrolide and 

fluoroquinolone antimicrobials by Canadians. Varying results were found both among 

and between the macrolide and fluoroquinolone groups; however, a pattern of 

accessibility to care was apparent. Cheaper antimicrobials were used most often in the 

most disadvantaged populations, and more expensive antimicrobials were used most 

frequently in advantaged populations. Significant interactions were found between 

influenza and socioeconomic variables relating to unemployment, education, and degree 

of poverty in a population. Results suggest that antimicrobials are being prescribed and 

consumed at inappropriate rates in both disadvantaged and affluent populations in 

Canada. In order to reduce antimicrobial use and the further development of 

antimicrobial resistance in Canada, we suggest that responsible antimicrobial stewardship 

be practiced and promoted by all physicians in community and hospital settings, 

particularly during the influenza season. 



 

ACKNOWLEDGEMENTS 

 

I would like to sincerely thank my advisory committee Dr. David Pearl, Dr. Scott 

McEwen, and Rita Finley for their assistance from day one through to the completion of 

this thesis. Dr. Pearl, I greatly appreciate the time and effort you have taken to teach, 

guide and inspire me; I realize that I have been very fortunate to be able to work with you 

- thank you. Dr. McEwen, thank you for keeping me on track; I think we may have come 

close to adhering to the timeline set out in our first meeting! Rita - thank you for being 

the bridge between the department of Population Medicine and the Public Health Agency 

of Canada. Also, I greatly appreciate that work you performed prior to the start of my 

project, and throughout. 

I would also like to thank the Public Health Agency of Canada for funding this 

research, and for inviting me to present at one of the Canadian Integrated Program for 

Antimicrobial Resistance Surveillance meetings. 

To my family and friends – I cannot thank you enough for your continual support, 

understanding, and wise words that have kept me going throughout my post-secondary 

education; 1-2-3. 

i 

 



 

TABLE OF CONTENTS 

Acknowledgements...............................................................................................................i 
 
Table of contents..................................................................................................................ii 
 
List of tables........................................................................................................................iv 
 
List of figures......................................................................................................................vi 
 
 
CHAPTER 1: Introduction, literature review, study rationale and objectives.............1 

Introduction....................................................................................................................1 
Literature review............................................................................................................2 

Prevalence of antimicrobial resistance in selected human bacterial infections .......2 
Risk factors for infection with antimicrobial resistant bacteria........................ .......4 
Surveillance of antimicrobial use and resistance in human infections in Canada...6 
Risk factors for antimicrobial use at the level of the individual ..............................8 
Inappropriate prescribing and use of antimicrobials...............................................12 
Effects of interventions for inappropriate antimicrobial use.................................. 15 

Study rationale and objectives......................................................................................16 
References.....................................................................................................................18 

 
 
CHAPTER 2: A Canadian province-level risk factor analysis of human 
consumption patterns of individual antimicrobial drugs within the macrolide  
class (2000-2006)..............................................................................................................  30 

Synopsis....................................................................................................................... 31 
Introduction.................................................................................................................. 32 
Materials and methods................................................................................................. 34 
 Data sources...........................................................................................................  34 
 Statistical analyses..................................................................................................36 
Results and discussion..................................................................................................38 
References.....................................................................................................................50 

 
 
CHAPTER 3: An analysis of provincial-level risk factors for the use of oral 
fluoroquinolone antimicrobials by humans in Canada (2000 - 2006).........................64 
 Synopsis.......................................................................................................................65 
 Introduction.................................................................................................................. 66 
 Materials and methods.................................................................................................67 
  Data sources...........................................................................................................67 
  Statistical analyses..................................................................................................69 
 Results and discussion..................................................................................................72 
 References....................................................................................................................82 

ii 

 



 

 
 
CHAPTER 4: Summary discussion and conclusions.....................................................95 

Outcome measures.......................................................................................................95 
Patterns of human macrolide and fluoroquinolone use................................................96 
Strengths and weaknesses of research........................................................................100 
Future research...........................................................................................................100 
References..................................................................................................................102 

 

iii 

 



 

LIST OF TABLES 
 
 
CHAPTER 2 

Table 1...............................................................................................................................55 

Descriptive statistics of independent variables used in multivariable models 
describing dollars spent per capita, defined daily doses per capita, and 
prescription counts for macrolide antimicrobials in Canada, 2000-2006. 

Table 2...............................................................................................................................56 

Coefficients, with their p-values, for multivariable models describing 
consumption of oral macrolide antimicrobials as measured by defined daily doses 
per capita, prescription counts, and dollars spent per capita in Canadian provinces 
from 2000 to 2006. 

Table 3...............................................................................................................................57 

Coefficients, with their p-values, for multivariable models describing 
consumption of azithromycin as measured by defined daily doses per capita, 
prescription counts, and dollars spent per capita in Canadian provinces from 2000 
to 2006. 

Table 4...............................................................................................................................58 

Coefficients, with their p-values, for multivariable models describing 
consumption of clarithromycin as measured by defined daily doses per capita, 
prescription counts, and dollars spent per capita in Canadian provinces from 2000 
to 2006. 

Table 5...............................................................................................................................59 

Coefficients, with their p-values, for multivariable models describing 
consumption of erythromycin as measured by defined daily doses per capita, 
prescription counts, and dollars spent per capita in Canadian provinces from 2000 
to 2006. 

 

 

 

iv 

 



 

CHAPTER 3 

Table 1...............................................................................................................................87 

Descriptive statistics of independent variables used in multivariable models 
describing dollars spent per capita, defined daily doses per capita, and 
prescription counts for fluoroquinolone antimicrobials in Canada, 2000-2006. 

Table 2...............................................................................................................................88 

Coefficients, with their p-values, for the final models describing consumption of 
fluoroquinolone antimicrobials as measured by log DDDs per capita and 
prescription counts in Canadian provinces from 2000 to 2006. 

Table 3...............................................................................................................................89 

Coefficients, with their p-values, for the final models describing consumption of 
ciprofloxacin as measured by log DDDs per capita and prescription counts in 
Canadian provinces from 2000 to 2006. 

Table 4...............................................................................................................................90 

Coefficients, with their p-values, for the final models describing consumption of 
levofloxacin as measured by log DDDs per capita and prescription counts in 
Canadian provinces from 2000 to 2006. 

Table 5...............................................................................................................................91 

Coefficients, with their p-values, for the final models describing consumption of 
norfloxacin as measured by log DDDs per capita and prescription counts in 
Canadian provinces from 2000 to 2006. 

Table 6...............................................................................................................................92 

Coefficients, with their p-values, for the final models describing consumption of 
ofloxacin as measured by log DDDs per capita and prescription counts in 
Canadian provinces from 2000 to 2006. 

v 

 



 

LIST OF FIGURES 
 
 

CHAPTER 2 
 
Figure 1.............................................................................................................................60 
 

Predicted values and their 95% confidence intervals for the effect of the number 
of health workers per 10 000 individuals, percentage of the population with a 
bachelor’s degree, median family income, percentage of the population 
considered to be low income, percent unemployment, and reported cases of 
influenza with their quadratic terms on the consumption of the macrolide group of 
antimicrobials, erythromycin, or clarithromycin after accounting for all other 
significant variables. 

 
Figure 2.............................................................................................................................61 
 

Predicted values and their 95% confidence intervals for the effect of the 
percentage of the population with a bachelor’s degree (percent education), median 
family income, and percentage of the population considered to be low income 
with their quadratic terms on the consumption of azithromycin in Canada (2000-
2006) after accounting for all other significant variables. 

 
Figure 3.............................................................................................................................62 

 
Predicted values for macrolide, erythromycin, and clarithromycin DDDs per 
capita in Canada (2000-2006) as the rate of influenza changes and interacts with 
percent unemployment, percent education, and percentage of the population 
considered to be low income after controlling for other significant variables. 

 
 
CHAPTER 3 
 
Figure 1.............................................................................................................................93 
 

Predicted values and their 95% confidence intervals for the effect of median 
family income, the percentage of the population considered to be low income, the 
number of health workers per 10 000 individuals, and percentage of the 
population with a bachelor’s degree (percent education), with their quadratic 
terms on the consumption of the fluoroquinolone group and individual 
fluoroquinolones in Canada (2000-2006) after accounting for all other significant 
variables. 

vi 

 



 

vii 

 

Figure 2.............................................................................................................................94 
 
Predicted values for levofloxacin DDDs per capita in Canada (2000-2006) as the 
rate of influenza changes and interacts with the percentage of the population with 
a bachelor’s degree (education) after controlling for all other significant variables. 

 
 



 

CHAPTER 1: 
 

INTRODUCTION, LITERATURE REVIEW, STUDY RATIONALE AND 

OBJECTIVES  

 

INTRODUCTION 

 Antimicrobials are a category of drugs intended for the treatment of a wide range 

of infections caused by bacteria, viruses, and parasites. The development of 

antimicrobials and their introduction to the health care field ushered in a new era; deaths 

from bacterial infections dropped dramatically, and non-infectious diseases became the 

new challenge for physicians.1 However, due to inevitable Darwinian evolution at the 

microbe level, resistance to antimicrobials has threatened to re-introduce a pre-

antimicrobial era to the 21st century health care system. This thesis focuses on 

antibacterial antimicrobials, and therefore the following literature review aims to describe 

issues relevant to the use of and resistance to antibacterial antimicrobials in Canada 

through the following topics: 

1. Prevalence of antimicrobial resistance in selected human bacterial infections;  

2. Risk factors for infection with resistant bacteria; 

3. Surveillance of antimicrobial use and resistance in human infections in 

Canada; 

4. Risk factors for antimicrobial use at the level of the individual; 

5. Inappropriate prescribing and use of antimicrobials; 

6. Effects of interventions for inappropriate antimicrobial use. 
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LITERATURE REVIEW 

Prevalence of antimicrobial resistance in human bacterial infections  

Antimicrobial resistance (AMR) poses a global threat to human health and a 

significant economic burden. Worldwide, bacteria with significant impacts on human 

health are showing increasing rates of resistance. Three of the top five infectious diseases 

as a cause of death according to the World Health Organization (WHO) are bacterial 

pathogens that have developed some form of resistance to antimicrobials.1 These three 

illnesses and some of their necessary causes are: respiratory tract infections 

(Streptococcus pneumoniae, Haemophilus influenzae), diarrheal illnesses (Escherichia 

coli, Aeromonas, Campylobacter, Plesiomonas, Salmonella, Shigella, and Yersinia spp.), 

and tuberculosis (Mycobacterium tuberculosis).2-4 In Canada, the prevalence of AMR in 

important pathogens has been increasing significantly in recent years. For example, the 

proportion of Salmonella Heidelberg isolates displaying resistance to ampicillin increased 

from 35% in 2003 to 53% in 2006, and naldixic acid resistance in Salmonella Typhi rose 

from 43.3% to 80% during the same time frame.5,6 Among all human Salmonella isolates 

submitted to laboratories in 2007, 35% showed some degree of reduced susceptibility to 

at least one antimicrobial.6 Another example of rising resistance is evident in the results 

of a study of clinical S. pneumoniae isolates obtained across Canada in 2000; this study 

found the prevalence of macrolide resistance was 11.6%, which was a significant increase 

from the prevalence of 2.8% in 1994-1995 and 6.7% in 1997-1998.7 Similar increases 

have been reported in the United States.8 Furthermore, as reported by the Canadian 

Bacterial Surveillance Network, the rate of erythromycin resistance in S. pneumoniae in 

Canada in 2008 was greater than 20%.9 Resistance is not confined to a single microbial 
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genus, nor is it confined to the macrolide class of antimicrobials; β-lactam-, 

fluoroquinolone-, and multi-drug resistant S. pneumoniae have all been isolated in 

Canada.10,11 These dramatic increases in AMR among agents of high importance to 

human health require that all possible efforts be made to determine and describe risk 

factors for AMR development and spread so that strategies may be implemented to 

reduce or reverse the prevalence of AMR. 

Antimicrobial resistance increases the burden of illness from bacterial infections.  

It causes an increased time to recovery due to a disruption of the normal treatment 

regimens, as well as increased morbidity, mortality, and health care costs.12,13 For 

example, median length of hospital stay (a proxy measure of morbidity) was shown to 

increase significantly when methicillin-resistant Staphylococcus aureus (MRSA) 

infections were compared to methicillin-susceptible S. aureus (MSSA) infections.14 

Furthermore, meta-analysis has shown that the odds of mortality increases significantly 

with a MRSA infection compared to a MSSA infection.15 Treatment costs are also 

increased for resistant infections when compared to susceptible infections; it has been 

estimated that resistant infections in Canadian hospitals increase the cost of health care in 

the country by approximately $14.2-25.5 million dollars each year in direct 

hospitalization costs alone.16 This figure rises to approximately $103.9-187.1 million 

dollars per year if rates in Canada were to approach the highest rates reported in the 

United States.16 
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Risk factors for infection with antimicrobial resistant bacteria 

Many individual level studies have been performed to determine risk factors for 

infection with resistant bacteria. Studies focusing on resistance in S. pneumoniae have 

determined that risk factors at the individual level include recent hospitalization or 

contact with an individual who has been hospitalized, co-morbidity with noninvasive 

disease, age of patient (where those at highest risk are less than 5 or greater than 65 years 

of age), and prior treatment with antimicrobials.16-19 Similar risk factors for MRSA skin 

infections have been cited.20 

At the community level, the most commonly reported risk factor for AMR 

development is volume of antimicrobial consumed.1,21-23 Lipsitch and Samore propose 

four methods by which antimicrobial use increases the rate of AMR in a community.24 

The first method relates to infections such as tuberculosis, Pseudomonas aeruginosa, and 

Enterobacter species. Resistance within these organisms is mediated by single gene 

mutations that cause resistance to particular antibiotics. To avoid outgrowth of these 

mutant resistant populations within an infected individual, multiple antibiotics with 

different modes of action are supplied. However, if treatment fails to eradicate all 

infectious bacteria due to low dosing or poor adherence, resistant populations may thrive 

within the infected individual. The infected individual may then spread the infection to 

others they come in contact with, thus increasing the prevalence of AMR within the 

community. The second route by which antimicrobial use increases the rate of AMR is 

particularly relevant in outbreak cases. In an outbreak situation where the prevalence of 

resistant strains outweighs the prevalence of susceptible strains, an individual who has 

been recently treated with antimicrobials is put at high risk for acquiring a resistant 
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infection as competition with commensal flora has been radically reduced; susceptible 

populations that would provide competition to the resistant strain would have been 

eliminated by the previous antimicrobial treatment. The third method proposed is 

developed from an epidemiological standpoint. Here, if antimicrobial treatment of an 

individual infected with a susceptible microbe is successful, then the competitive balance 

between susceptible and resistant bacteria in the community is shifted. Thus, there is a 

higher risk of other individuals becoming infected with resistant bacteria rather than 

susceptible ones, which would increase the prevalence of AMR within the community. 

Finally, treatment of an individual who is commensally colonized with resistant bacteria 

may result in an overgrowth of resistant bacteria due to a reduction of other (susceptible) 

bacteria within the individual. This overload may lead to shedding and infection of 

others, and increasing AMR rates within the community. Mathematical models present a 

method for examining the potential for antimicrobial consumption to increase selective 

pressure for AMR development in a community. Models developed by Austin et al. show 

that the prevalence of resistance increases in a sigmoid fashion in a community 

harbouring both resistant and susceptible strains if there is a constant rate of antimicrobial 

consumption within the community.25 Moreover, these models describe a critical level of 

antimicrobial consumption below which AMR rarely emerges. Therefore, if feasible, it is 

desirable that the use of antimicrobials is significantly reduced and maintained below this 

critical level in order to reduce the evolution and spread of resistant bacteria and 

safeguard the effectiveness of antimicrobials for future generations.  

Community research has been performed that highlights the relationship between 

antimicrobial use and the development of resistance. In Canada, the rate of outpatient 
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fluoroquinolone prescribing increased 38.2% from 1997 to 2006, and showed a strong 

correlation with increases in resistance to ciprofloxacin, a fluoroquinolone, in S. 

pneumoniae isolates during the same time frame.26 Similar studies have attributed rises in 

the prevalence of macrolide resistance in Streptococcus pyogenes to increases in 

community macrolide consumption,27,28 and fluoroquinolone resistance in S. aureus and 

E. coli to increases in community fluoroquinolone use.29 These results, among others, 

have led to the development of recommendations and actions for the surveillance of 

antimicrobial consumption and AMR. 

 

Surveillance of antimicrobial use and resistance in human infections in Canada 

As antimicrobial use is the most commonly described risk factor for development 

of AMR in a community, national surveillance programs have been developed in a 

number of countries to track the consumption of antimicrobials and confirmed cases of 

resistant infections and isolates. In Canada, the Canadian Integrated Program for 

Antimicrobial Resistance Surveillance (CIPARS), a program of the Public Health 

Agency of Canada, monitors human antimicrobial use and resistance in human 

Salmonella isolates from across the country. Surveillance of resistance in E. coli, 

Salmonella, Campylobacter, and Enterococcus isolates from abattoirs and retail meat 

outlets is also performed by CIPARS, and a new on-farm surveillance initiative was 

introduced in 2006 in order to estimate antimicrobial use and resistance in finishing 

swine.6 CIPARS was modeled after the National Antimicrobial Resistance Monitoring 

System (NARMS) in the United States and the Danish Integrated Antimicrobial 

Resistance Monitoring and Research Programme (DANMAP). As one method of 
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describing human antimicrobial use in Canada, data from the Intercontinental Medical 

Statistics (IMS) Health Canadian CompuScriptTM (CCS) database is obtained by 

CIPARS. The CCS database is used by CIPARS to calculate the defined daily doses 

(DDDs) for each of the oral antimicrobials dispensed by non-hospital pharmacies in 

Canada. Defined daily doses are calculated based on the Anatomical Therapeutic 

Chemical (ATC) classification system developed by the WHO.30 This measurement 

system is used in order to provide a mechanism for international comparison of drug 

consumption levels, and comparison of use among antimicrobials. The calculation is 

performed as follows for each antimicrobial: the total number of units of antimicrobial 

prescribed is multiplied by the strength of the drug, and then divided by the WHO DDD 

value that reflects “the assumed dose per day for the drug used in its main indication in 

an adult”.30,31 Therefore, once the DDD calculations are performed, direct comparisons 

may be made among antimicrobials supplied to a population, as the amount of each 

active ingredient supplied to the population has been standardized. However, due to the 

method of standardization, using the assumed dose per day for an adult, the DDD 

measure does not fully reflect the dynamics of antimicrobial use in children. Thus, it may 

be prudent to assess antimicrobial use by more than one outcome measurement. In 

addition to DDD calculations, CIPARS performs descriptive statistics on the 

consumption of antimicrobials as measured by the number of prescriptions dispensed, 

defined daily doses (DDDs), total kilograms of active ingredients, and total dollars spent 

on antimicrobials. These analyses are used to compare trends in antimicrobial 

consumption with the occurrence of antimicrobial resistance in human isolates on a 

quarterly and yearly basis at national and provincial levels.  
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Risk factors for antimicrobial use at the level of the individual 

 Research has been performed to determine factors associated with antimicrobial 

use at the individual level. This may be helpful for determining group or provincial level 

associations and opportunities for implementation of social and health policies to control 

antimicrobial use and resistance in populations where the prevalence of resistance is high. 

One such factor is age; individuals less than 15 years of age have the highest rate of 

antimicrobial use as compared to all other age categories.32,33 Furthermore, preschool 

children have been specifically noted as significant consumers of antimicrobials.34 Within 

this age category, lack of breast-feeding and day care attendance are significantly 

associated with increased antimicrobial use.35  

Income has also been significantly associated with antimicrobial use at the 

individual and group levels.34,36 In Manitoba, low-income children were more likely to 

receive antibiotic prescriptions than children in higher income brackets.34 Contrasting 

results were found, however, in Israel, Reuveni and colleagues concluded that low 

income individuals were less likely to have prescriptions for antimicrobials filled even if 

they were prescribed.37 These differences are likely attributable to provincial formularies 

(lists of drugs including antimicrobial developed by provincial governments and third 

party insurers in Canada which detail reimbursement amounts and criteria for 

prescription drugs). In Canada, lower income individuals are less likely to pay a large 

out-of-pocket costs for antimicrobials due to “ability to pay” criteria, while lower income 

individuals in Israel may be required to provide a significant co-payment (percentage of 

the total cost, or fixed fee paid by an individual upon receipt of the prescription).37-39  
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As most antimicrobials prescribed are consumed by children, attributes of their 

parents, such as education level, have been investigated as risk factors for antimicrobial 

use. For example, a Danish cohort study that followed children from birth to age two 

determined that children whose mothers had completed vocational training were less 

likely to receive six or more courses of antimicrobials over the study period than children 

whose mothers had a lower level of education.40 Moreover, children whose mothers 

completed four or more years of higher education had a significantly reduced risk of 

receiving six or more courses of antimicrobials over the study period than children whose 

mothers had a lower level of education.40 A trend towards decreased prescribing with 

increased parental education has also been reported in the United States.41 Conversely, 

Hjern et al. concluded that, in Sweden, children of parents with post-secondary education 

were more likely to consume antimicrobials when compared to children from families 

without post-secondary education.42 As Sweden is a country with a high standard of 

living, not unlike Denmark and the United States, it is surprising that contrasting results 

are seen in relation to this variable. Canadian data regarding education are not available, 

further research is required to determine the association between antimicrobial use and 

parent education levels in Canada. 

Access to health care due to location of patients, general practitioners, and 

specialists may also be associated with antimicrobial use. Differences in prescribing 

practices have been reported between generalists and specialists; generalists are more 

likely to prescribe antibiotics based on symptoms of upper respiratory tract infections, the 

most commonly reported condition for which antimicrobials are prescribed in community 

practice,43 than their specialist peers.44-48 However, pediatricians and specialists were 
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more likely to prescribe second-line antimicrobials as initial therapy for respiratory 

infections, rather than the recommended first-line agents.49 This relationship between 

access to health care and prescribing is further highlighted by studies showing differences 

between antimicrobial prescribing in rural and urban areas, where use is commonly 

higher in rural settings.50-52 However, although differences in prescribing were observed 

between rural- and urban- dwelling children,42 findings were not consistent, as non-

significant results were also reported.47,53 Therefore, the relationship between geographic 

access to health care and use of antimicrobials may require further research. 

It has been suggested that lack of patient knowledge of appropriate antibiotic use 

is associated with antimicrobial use.54,55 In order to determine the level of knowledge and 

factors associated with a lack of understanding, questionnaires were employed by 

McNulty et al. and Vanden Eng et al.54,55 Interestingly, lack of knowledge of proper 

antibiotic use was associated with lower education and income levels, and residence in a 

rural or farming area, similar to previously mentioned associations between the same 

socioeconomic factors and antimicrobial use.54,55 Results from these questionnaire-based 

studies revealed a tremendous lack of knowledge; 27 - 38% of respondents did not know 

that antibiotics are an ineffective measure for addressing symptoms of the common cold.  

In addition to socioeconomic factors, time factors are associated with outpatient 

antimicrobial use. Antimicrobial prescribing has declined in Canada since the 1990s, and 

this decline has continued into the 21st century; however, an increase in use has been seen 

in the most recent years.34 In 2000, the rate of antimicrobial prescriptions was 738.98 per 

1000 individuals, which decreased to 677.86 in 2004, and increased to 705.87 in 2006.6 

Furthermore, defined daily doses per 1000 person-days decreased from 19.23 to 17.58 in 

10 

 



 

2004, and increased to 18.84 in 2006.6 Conversely, costs to consumers for antimicrobials 

increased from $20,853 per 1000 individuals in 2000 to $21,788.65 in 2005, and 

decreased to $21,308 per 1000 individuals in 2006.6 This discrepancy between decreased 

prescribing and consumption by DDDs per 1000 individuals, with the increasing dollars 

spent per 1000 individuals, reflects a movement from the use of older, less expensive 

agents to newer and considerably more expensive ones. In a study of antimicrobial use by 

children in Mantioba, Kozyrskyj et al. found that the use of sulfonamides and narrow 

spectrum macrolides was significantly reduced over the study period of 1995 to 2001; 

however, the rate of prescribing for the broad spectrum macrolides azithromycin and 

clarithromycin increased 12.5 times over the same time period.34 Similar increases in 

broad spectrum macrolide prescribing were reported from 1996-2000 in the United States 

and Europe.56,57 Furthermore, the CIPARS 2006 report indicated that this trend of 

increasing broad spectrum macrolide use continued from 2000 through 2006.6 Use of 

extended spectrum penicillins in Canada has also increased in recent years.6  

 Seasonal trends in antimicrobial use have also been identified, where peaks in 

consumption occur during the winter months when viral respiratory infections such as 

influenza are most prevalent.6,58-59 CIPARS has shown seasonal patterns for use with 

peaks in consumption occurring in the winter months.6 Similar trends have been reported 

for outpatient use in Europe.56 These seasonal trends may reflect antimicrobial 

prescribing for seasonal viral infections, where use may not be justified, and/or for 

secondary bacterial complications following viral infection, where use is often justified.  
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Inappropriate prescribing and use of antimicrobials 

It is not surprising that antimicrobial use occurs in a seasonal pattern in Canada, 

as three-quarters of the antimicrobials prescribed in Canada are for respiratory tract 

illnesses, which typically follow a seasonal pattern.60 Many primary respiratory tract 

infections are of viral etiology and consequently do not require antibiotics for treatment.61 

Therefore, antimicrobial use may be considered inappropriate for these conditions; 

however, a large proportion of patients with viral respiratory infections receive 

antimicrobial prescriptions.60,62 Results describing antimicrobial use for viral conditions 

may indicate an area where antimicrobial use may be reduced in order to combat 

increasing resistance.63 Studies have been performed to determine the extent of this 

inappropriate prescribing. For example, Wang et al. concluded that approximately 50% 

of the antibiotics prescribed to preschool children in Saskatchewan were for viral 

conditions.60 Similar rates of prescribing for viral conditions have been found in the 

United States.65 More recently, Cadieux et al. concluded that off-guideline prescribing 

(i.e., prescribing for non-recommended conditions) for viral conditions occurred at 

various rates in Québec depending on diagnosis, from 22% for laryngitis and up to 43% 

for influenza cases.66 Guidelines for appropriate treatment of respiratory infections are 

published and available for pediatric populations,67-73 and adults,64 as well as for specific 

infections such as otitis media,70 pharyngitis,71 sinusitis,72 and bronchitis.73 

In response to knowledge of extensive off-guideline prescribing, studies were 

performed to determine significant predictors for inappropriate prescribing at both the 

patient and physician levels. Physician characteristics associated with inappropriate 

prescribing include location of educational training, years in practice, and practice 
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volume.66,74 A study of physicians in Québec determined that physicians trained at the 

University of Montréal were less likely to prescribe antibiotics for viral respiratory 

infections than graduates of international medical schools.66 Similar results were found in 

Manitoba,49 and the United Kingdom.75 Results of studies in Canada, the United States, 

and Denmark determined that there is a trend of increasing inappropriate prescribing as 

physician years in practice increase.46,66,76,77 The effect of location of educational training 

and increased years of practice on increased inappropriate prescribing may be a function 

of physician experience, yielding to patient demand, and prescribing habits lingering 

from practices before antimicrobial stewardship was promoted.66,78 Alternatively, this 

trend may reflect that physicians with more seniority may be more likely to attend to 

sicker patients, especially in the hospital setting, and thus have a higher risk of 

encountering patients with serious secondary infections.76 Finally, physicians with high 

practice volumes were shown to be higher prescribers of oral antibiotics for viral 

respiratory infections than those with low practice volumes.66,79,80 The effect of larger 

practice volume on increased inappropriate prescribing may be a function of economics. 

Physicians with high practice volumes are under pressure to see more patients in shorter 

periods of time, and may submit to patient requests at a higher rate than physicians with 

less time demand, who may be better able to explain non-antibiotic treatment options and 

why antibiotic treatment may not be appropriate for all infections. Furthermore, reduced 

time allotment per patient may influence the physician to prescribe in order to please the 

patient and preserve relationships.81  

The most often noted patient factor associated with inappropriate prescribing is 

lack of knowledge of the difference between viruses and bacteria (i.e., antibiotic 
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treatment is appropriate for bacterial infections, but not for viral infections), resulting in 

demand for antibiotic treatment. Patient demand for antimicrobial treatment may also be 

attributed to experience, comparable to prescribing on the part of the physician. Past 

experience of receiving an antimicrobial prescription for similar respiratory symptoms, 

and recovery due to a self-limiting viral infection rather than the actual treatment, 

encourages the demand for analogous antimicrobial treatment.78 Interestingly, extensive 

research has been performed to determine the impact of patient expectations for 

antimicrobial prescribing.41,49,82-85 This research showed that inappropriate prescribing is 

significantly higher when physicians perceive that patients or parents expect antibiotic 

treatment, regardless of the diagnosis.86-89 However, research also showed that physicians 

often misinterpret the expectations of the patient or parent, and perceive incorrectly that 

the patient expects a prescription.41,90,91 Other patient factors associated with the receipt 

of an off-guideline prescription include age and smoking status.76 Surprisingly, adults 

visiting the emergency department for a respiratory infection were found to be more 

likely to receive an inappropriate prescription than children, regardless of the fact that 

children receive the majority of antimicrobial prescriptions.76 Research also determined 

that smokers may be more likely to receive antimicrobial prescriptions for respiratory 

infections than non-smokers, which may be a function of susceptibility to infection and 

their level of morbidity, or the opinion that respiratory infections are more likely to be 

bacterial than viral in the smoking population.76 

In addition to patient and physician expectations, diagnostic uncertainty was 

suggested to be a factor associated with inappropriate prescribing.78 Physicians may 

prescribe antimicrobials if they believe there is a chance that the infection may be of 

14 

 



 

bacterial etiology. Ensuring that swabs are taken, cultures are assessed, and that 

guidelines for appropriate prescribing are adhered to may minimize diagnostic 

uncertainty, and thus, inappropriate prescribing.77  

 

Effects of interventions for inappropriate antimicrobial use 

 A number of intervention strategies have been assessed for reducing inappropriate 

antimicrobial prescribing. These interventions have included one or a combination of the 

following strategies: newsletters/brochures targeted to patients and mailed to households 

and/or provided at physician offices and pharmacies; mass media outlets such as 

billboards, radio, television and magazines; physician workshops and/or mailed 

educational material; physician audit and feedback; paper or computer based decision 

support systems for prescribing; and delayed prescriptions where a patient is given a 

prescription but asked to wait a number of days and assess symptoms before having it 

filled.92-94 Small reductions in prescribing have been reported with interventions 

combining public and health professional education,94,95and a trend towards higher 

reductions was described when comparing active (e.g., workshops) to passive (e.g., 

printed educational material) physician education programs.93,96 However, due to the 

modest reductions reported by many studies, the impact of these programs at reducing 

inappropriate prescribing has been questioned.92,97  

Policy changes, including formulary restrictions or changes in reimbursement 

criteria, have been suggested to be the most effective method for reducing inappropriate 

prescribing at both the community and hospital levels.92,98,99 Assessments of the effects of 

formulary changes have been performed extensively at the hospital level and occasionally 
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at the community level.100-102 Aspinall and colleagues reported that emergency 

departments with formularies restricting fluoroquinolone prescribing had significantly 

lower rates of fluoroquinolone use.100 Similarly, a hospital formulary change restricting 

ceftazidime and cefotaxime, and replacing their use with cefepime, resulted in significant 

decreases in the use of ceftazidime and cefotaxime, and in the incidence of ceftazidime-

resistant K. pneumoniae, piperacillin-resistant P. aeruginosa, and ceftazidime-resistant P. 

aeruginosa.101 Similarly, Bosso and Mauldin reported changes in the prevalence of 

resistant P. auriginosa, E. coli, and S. aureus with formulary substitution of gatifloxacin 

for levofloxacin.102 At the community level, the use of clarithromycin was shown to 

decrease following delisting from the British Columbia formulary, along with an increase 

in the use of erythromycin.99 These results suggest that significant changes to the use of 

antimicrobials (and other systemic drugs) may be promoted by changes to provincial 

formularies, likely due to the influence of formularies on accessibility of drugs to the 

population.  

 

STUDY RATIONALE AND OBJECTIVES   

The decisions to use and prescribe antimicrobials is shaped by a number of 

biological and socioeconomic factors for the individual being treated.103 An impact of 

antimicrobial use extends to the wider population, however. With each antimicrobial 

treatment, there is potential for the development and spread of AMR within the 

community at large. Moreover, the regulation of antimicrobial use has been shown to be 

most effective when community level policy changes are put in place.92,98,99 Therefore, 

significant associations among socioeconomic factors and antimicrobial use at the 
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community level, as well as other influential predictors, must be assessed in order to 

determine populations most suitable for targeting with social and health policies. In order 

to address this need, the objectives for this study were as follows: 

1. Determine significant associations among the rate of influenza and various 

socioeconomic measures on the use of individual macrolide antimicrobials, as 

well as the macrolide group of antimicrobials in Canadian provinces.  

2. Evaluate the usefulness of the following three outcome measures for antimicrobial 

use in Canada: dollars spent per capita, defined daily doses, and prescription 

counts. 

3. Assess associations among influenza rate data and a variety of socioeconomic 

factors on individual and group fluoroquinolone use in Canadian provinces. 

The macrolide and fluoroquinolone antimicrobial classes were chosen as they include 

broad spectrum, second line antimicrobials. Furthermore, data were consistently available 

across Canadian provinces throughout the study period for these classes, which indicates 

that they were used on a regular basis in Canada, which may be expected to increase the 

risk of AMR as compared to infrequently used classes. 
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CHAPTER 2:  

 

A CANADIAN PROVINCE-LEVEL RISK FACTOR ANALYSIS OF HUMAN 

CONSUMPTION PATTERNS OF INDIVIDUAL ANTIMICROBIAL DRUGS 

WITHIN THE MACROLIDE CLASS (2000 – 2006) 
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SYNOPSIS 

Objective 

 To assess provincial level predictors among socioeconomic and influenza rate 

data for the use of macrolide antimicrobials in Canada from 2000 to 2006, and to 

determine an optimal outcome measurement for assessing antimicrobial use in Canada. 

Methods 

 Multivariable models were developed to describe antimicrobial use. Use was 

defined by three sets of outpatient data: dollars spent per capita, defined daily doses per 

capita, and prescription counts.  

Results 

 Use was highest during October through March for all macrolides. Yearly and 

provincial patterns differed slightly by model set and considerably among the macrolide 

agents. Associations with socioeconomic variables were consistent between 

clarithromycin and erythromycin, while azithromycin consumption showed some 

differences in its association with these variables. Consistently, the rate of influenza was 

significantly associated with increased macrolide use. The influenza rate interacted with 

socioeconomic variables in some models; as the influenza rate increased, the greatest 

increase in demand for macrolides occurred in populations with high percentages of low 

income individuals, high unemployment levels, and low percentages of individuals with 

bachelor’s degrees.  

Conclusions 

The impact of associations among macrolide consumption, influenza and 

socioeconomic factors may reflect inappropriate use of these agents to treat viral 
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infections and/or prescribing for secondary infections, knowledge of the virus versus 

bacteria problem, and accessibility of health care. Targeted social and health policy 

interventions are suggested to reduce use in populations with high unemployment and 

low income rates, and low percentages of university educated individuals. Analyses 

suggest that antimicrobial use may be best described by DDDs and prescription count 

outcomes interpreted together. 

 

INTRODUCTION 

The development and persistence of antimicrobial resistance (AMR) has become 

an international problem for patients and physicians alike. Well documented evidence 

exists detailing the relationship between antimicrobial use and the development of 

resistance.1 Consequently, the use of antimicrobials must be reduced in order to safeguard 

the efficacy of antimicrobial agents for future generations. Mathematical models support 

the reduction of community level antimicrobial use to reduce AMR. These models show 

that in a community with a constant rate of antimicrobial consumption and with the 

presence of susceptible and resistant strains, the prevalence of resistance will increase in 

a sigmoidal fashion.1 Further evidence for the reduction of group level antimicrobial use 

to reduce AMR is the successful reduction of resistance following stewardship programs 

and formulary changes at the hospital level.2,3  

In order to reduce antimicrobial use, the issue of inappropriate prescribing must 

be addressed, especially in the case of viral respiratory infections. Although these 

conditions are generally not overcome by antimicrobial therapy, rates of prescribing are 

high.4-6 In 1999, 51% of the antibiotics prescribed to preschool children in Saskatchewan 
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were for viral respiratory infections, and were thus inappropriate.7 Moreover, 

inappropriate prescribing for respiratory viral infections was found to occur at various 

rates in Québec depending on diagnosis, from 22% for laryngitis and up to 43% for 

influenza cases.8  

Due to the impact of antimicrobial use on antimicrobial resistance, studies have 

been undertaken to determine significant predictors for antimicrobial use. For example, a 

significant association between family income and antimicrobial was found in a study of 

children in Manitoba.9 This study concluded that the likelihood of receiving an 

inappropriate antimicrobial prescription was reduced with each successive increase of 

$10 000 in median family income. These smaller scale studies of particular demographic 

groups provide useful information on predictors that may also be significant at the 

community or provincial level, where policies and guidelines may be introduced.  

The objective of this study was to determine significant associations among the 

rate of influenza and various socioeconomic measures on the consumption of individual 

macrolide antimicrobials, as well as the macrolide group in Canada. Macrolides were 

chosen for examination due to the documented relationship between macrolide 

consumption and resistance in Streptococcus pneumoniae, the most frequently identified 

cause of community-acquired respiratory infections.10,11 The second objective of this 

study was to assess three different outcome measures for antimicrobial consumption in 

humans. Antimicrobial consumption was described by three different measures: dollars 

spent per capita, defined daily doses (DDDs) per capita, and prescription counts. Each of 

the measurements presents a slightly different method for describing antimicrobial 
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consumption, and thus, may present differences in results when used to create statistical 

models. 

 

MATERIALS AND METHODS  

Data sources 

 The Intercontinental Medical Statistics (IMS) Canada CompuScriptTM dataset was 

obtained from the Canadian Integrated Program for Antimicrobial Resistance 

Surveillance (CIPARS). This dataset included the number and cost of oral antimicrobial 

prescriptions dispensed on an outpatient basis in Canada. The cost of antibiotics 

dispensed was a measure of the total amount paid for each prescription, including the 

costs to consumers and insurers. Defined daily dose (DDD) calculations were performed 

by CIPARS according to the Anatomical Therapeutic Chemical Classification system 

from the World Health Organization (WHO).12,13 A DDD is defined by the WHO as “the 

assumed average maintenance dose per day for a drug used for its main indication in 

adults”.12 Data were supplied monthly for each individual province except Prince Edward 

Island (PEI) and Newfoundland (NFLD), for which data were combined. The study 

period was from January 2000 to December 2006, which resulted in a total of 756 data 

points for examination. Data describing macrolide use was extracted from the 

CompuScriptTM dataset. The macrolide agents spiramycin and telithromycin were 

excluded from analysis as they were not prescribed in all provinces throughout the study 

period. This resulted in three macrolides for study: azithromycin, clarithromycin, and 

erythromycin. To obtain the total prescription counts, DDDs, and dollars spent for the 

entire group, consumptions were summed across the individual macrolides.  
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 Socioeconomic data were collected from census counts, extrapolations and 

estimates as compiled by Statistics Canada. Monthly estimates were available for percent 

unemployment and education (as described by the number of individuals with a 

bachelor’s degree) quarterly estimates were available for population totals, and yearly 

estimates were available for median family income, number of individuals considered 

low income, and number of health care workers, which was a count of all individuals in 

human health occupations including health professionals, registered nurses, technicians 

and assistants.14-18 Using the population estimates provided by Statistics Canada, per 

capita transformations were performed on the dollars spent and DDD data points. 

Influenza data were obtained from FluWatch, the national surveillance system for 

influenza facilitated by the Public Health Agency of Canada. Counts of laboratory 

confirmed cases of influenza were obtained weekly from 2000 through 2006. Monthly 

data were produced by collapsing weekly data and merged with the refined 

CompuScriptTM dataset. An influenza case per capita variable was also produced using 

population estimates. Finally, to account for seasonal variation within years, a quarter 

variable was produced where quarter was defined as follows: quarter one included 

January, February, and March; quarter two included April, May, and June; quarter three 

included July, August, and September; and quarter four included October, November, 

and December. 
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Statistical Analyses 

 All statistical analyses were performed using STATA Intercooled 9.1. To meet 

the linear model assumptions of normality and homoscedasticity, base 10 logarithmic 

(log10) transformations were performed on all DDDs and dollars spent per capita data.19 

 

Univariable analyses   

Univariable associations between each of the predictor variables and each of the 

dependent variables were performed using linear regression for the log10DDDs per capita 

and log10dollars spent per capita variables, and negative binomial regression for 

prescription count data. Predictor variables with p-values <0.20 were identified for 

potential inclusion within the respective multivariable models.19 Following univariable 

assessment, collinearity of predictor variables were tested using Pearson correlation 

analysis, and pairs of variables with absolute Pearson correlation values above 0.8 were 

considered to be of concern for collinearity.19 If a pair of predictor variables was 

significantly correlated, the predictor that was considered to be more informative was 

retained. Linearity of continuous predictors with the log10DDDs per capita data, 

log10dollars spent per capita data, and the natural logarithm of the prescription rates were 

assessed visually using lowess smoothers.19 To address non-linearity, quadratic terms 

were assessed using a p-value cut-off of ≤ 0.05. If a quadratic term was significant and 

adequately described the relationship between the predictor and the outcome (identified 

by the lowess smoother), then it was included in the model. If the quadratic term was not 

significant, or did not adequately describe the relationship between the predictor and the 

outcome, then the predictor variable was categorized.  
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Multivariable statistics  

A manual model building approach was employed using variables tagged for 

inclusion from univariable statistics. Quarter, year, and province were forced into all 

models to control for potential confounding effects and clustering by space and time. A 

p-value of ≤ 0.05 was used to determine if a predictor was acceptable for inclusion in the 

final models. Confounding was assessed throughout model development, and was defined 

as a 20% or greater change in any statistically significant coefficient in the model with 

the addition or removal of another variable.19 If a variable was determined to be a 

confounder, it was included in the final multivariable model, regardless of its statistical 

significance. Interaction terms were generated and tested between influenza and the 

unemployment, education, low income, and median family income variables. Interaction 

terms were assessed for statistical significance within each main effects model. Finally, 

variables not tagged for model inclusion during univariable analysis were introduced to 

the model to assess potential confounding. If confounding was present, the confounding 

variable was forced into the model. Extra-Poisson variation was expected within the 

prescription count data, consequently, negative binomial models were developed for 

these data. If the overdispersion parameter (α) was significantly different from zero, the 

negative binomial model provided a better fit than a Poisson model. If the overdispersion 

parameter was not significant, Poisson regression was employed. Finally, to account for 

population differences in the negative binomial models, the log of the population was 

included as the offset variable.  
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Outlier and Residual Analyses  

Outliers and influential points were assessed for all models, and normality and 

homogeneity of variance were also assessed within the linear models. Data for outlying 

observations or observations showing a large degree of influence on the model 

coefficients were examined for potential recording errors.  

 

Back transformation of data  

 Coefficients for DDDs per capita and dollars spent per capita models presented in 

tables were back transformed from the log(10) scale by exponentiating 10 to the power of 

each coefficient (10β). This practice results in a measure of the proportion change from 

the referent category (e.g., a value of 0.45 would indicate that the measure is 45% of the 

referent measure.) Results for negative binomial models are presented as incidence rate 

ratios (IRRs), a ratio measure of the frequency of occurrence of the expected outcome in 

the exposed group to the frequency of occurrence of the expected outcome in the 

unexposed group.  Thus, IRRs > 1 show a higher frequency of the expected outcome in 

the group exposed to the variable under study, and IRRs < 1 show a higher frequency of 

the expected outcome in the group unexposed to the variable under study, or exposed to a 

lesser extent (which may be interpreted as the variable having a protective effect on the 

occurrence of the outcome). 

 

RESULTS AND DISCUSSION 

Descriptive statistics for all socioeconomic and influenza variables are included in 

Table 1.  
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Quarter 

 The CIPARS 2006 report suggests that consumption of macrolides in Canada is 

not constant throughout the year.13 From model results, consumption by all outcome 

measures was highest during quarter one (January – March), but was not always 

significantly higher than consumption in the fourth quarter. Models where quarter one 

was significantly different from quarter four included: macrolide group DDDs and 

prescription models, the clarithromycin prescription model, and all erythromycin models 

(Tables 2-5). In the remaining models, drug use was not significantly different between 

quarters one and four. The seasonal pattern for the macrolides reflects similar findings by 

the European Surveillance of Antimicrobial Consumption (ESAC) project.21 This 

suggests that ecological mathematical models describing the effect of antimicrobial use 

on AMR that assume a constant selection pressure do not capture the entirety of variation 

of macrolide use.  

 

Year 

After accounting for all other significant variables in the macrolide group models, 

use increased from 2000-2006 by all outcome measurements. No linear pattern of 

increase was apparent in the group prescription count or DDD models. However, a trend 

of increasing dollars spent per capita was seen between 2000 and 2005 (Table 2). Similar 

to the group model, azithromycin use by all outcomes increased over the study period, 

but prescribing rates and DDDs appeared to level off after 2003 (Table 3). Dollars spent 

per capita on azithromycin showed a similar increasing pattern, however, spending 

decreased significantly from 2005 to 2006 (10β = 0.79, p < 0.01) (Table 3). 
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Clarithromycin models showed an overall increase in use by all three outcome measures 

between 2000 and 2006 (Table 4). Finally, erythromycin consumption was highest in 

2000 with a trend of decreasing consumption over the time frame for all outcomes (Table 

5). These results suggest that despite overall reductions in antimicrobial consumption in 

the 1990s,6, 22-23 these reductions were not consistent across all macrolides throughout the 

first half of the 2000s. The broad spectrum agents azithromycin and clarithromycin 

increased in use, while use of the narrower spectrum erythromycin was reduced. This 

complements research in the United States, where an increase in broad spectrum and a 

decrease in narrower spectrum macrolide use by children was seen from 1995-2000.24 

The decline in erythromycin and increase in broad spectrum use may be attributed to the 

preferred treatment regimen of broad spectrum molecules, and the reduction in 

gastrointestinal side effects.24 

 

Province 

Provincial use varied by macrolide and among model sets. In the group DDD 

model, use was significantly higher in Alberta than in British Columbia, Manitoba, Nova 

Scotia, Québec, and Saskatchewan, but not significantly different from the remaining 

provinces (Table 2). Prescription counts for the macrolide group were highest in Ontario 

and significantly higher than rates in all the other provinces (IRR range: 1.27 - 1.64; p < 

0.01) with the exception of New Brunswick (IRR = 1.22, p = 0.074). Though not 

significantly different from spending in New Brunswick (10β = 1.06, p = 0.522) or PEI 

and NFLD (10β = 1.23, p =0.064), dollars spent per capita was also higher in Ontario than 

other provinces (10β range = 1.25 – 1.88, p < 0.01) (Table 2). Azithromycin DDDs per 
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capita were significantly higher in New Brunswick than all other provinces (10β range = 

1.47 – 6.54, p < 0.01) (Table 3). Similarly, prescription counts and dollars spent per 

capita were highest in New Brunswick (IRR range = 1.45 - 6.36, p < 0.01; 10β range = 

1.42 – 6.09, p < 0.01; Table 3). Clarithromycin DDDs per capita were highest in Québec 

(Table 4). Although not significantly different from the rate of DDDs in Ontario (10β = 

1.09 p = 0.414), PEI and NFLD (10β = 1.08, p = 0.385), or Alberta (10β = 1.13, p = 

0.170), rates in Québec were significantly higher than the remaining provinces (10β range 

= 1.33 – 2.27, p < 0.01). Clarithromycin prescribing in Alberta was significantly higher 

than any other province with the exception of Ontario (Table 4). Similar to the 

clarithromycin DDD model, dollars spent per capita on clarithromycin was higher in 

Québec than New Brunswick (10β = 1.37, p < 0.01), British Columbia (10β = 1.38, p < 

0.01), Manitoba (10β = 1.92, p < 0.01), Nova Scotia (10β = 1.97, p < 0.01), and 

Saskatchewan (10β = 2.20, p < 0.01). Erythromycin DDDs per capita and prescription 

rates were significantly higher in Saskatchewan than any other province (10β range = 

1.26 – 9.99, p < 0.01; IRR range = 1.22 - 9.59, p < 0.01). Similarly, dollars spent per 

capita on erythromycin was significantly higher in Saskatchewan than any other province 

(10β range = 1.56 – 11.32, p < 0.01). Differences in provincial use patterns are likely 

attributable to the wide variety of provincial formularies dictating financial drug 

coverage, and therefore access to antimicrobials across the country.25 As first line 

treatment with broad spectrum agents is associated with the development of antimicrobial 

resistance,9 further research into the policies and procedures used in provinces with low 

broad spectrum use (Saskatchewan and British Columbia) may provide insight on how 

the per capita use of broad spectrum macrolides may be reduced nation-wide. It is 
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apparent from models that, in these provinces, erythromycin is used in place of 

azithromycin and clarithromycin, which may be effective in decreasing AMR 

development due to decreased broad spectrum use.  

 

Health workers per 10 000 individuals 

The health workers per 10 000 individuals variable and its quadratic term were 

statistically significant within the group DDDs per capita model and the three models 

describing clarithromycin use (Tables 2 & 4). Graphs of the predicted values showed a 

curvilinear relationship where consumption initially declined with increasing number of 

health care workers and then increased again as the number of health care workers 

reached its highest recorded level (Figure 1a). These results may reflect accessibility to 

health care. At low levels of this variable, it is likely that physicians are required to see a 

large number of patients per day, and it has been shown that as patient volume increases 

prescribing occurs at a higher rate.26 Therefore, as the number of health workers per 

capita in a population increases, macrolide prescribing may be expected to decline. This 

was seen up to median values of the variable; however a positive relationship with 

macrolide prescribing was seen at greater values of this variable. This positive 

relationship may be attributed to accessibility to specialists; it may be expected that the 

proportion of specialists would increase as the number of health workers in a population 

increased, and it has been shown that specialists such as pediatricians prescribe second-

line antimicrobials (such as clarithromycin) at a higher rate than general physicians.9  
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Percent education 

The variable describing population education levels (percent of the population 

with a bachelor’s degree) was negatively associated with group and erythromycin 

prescribing (Tables 2 & 5). For the group dollars spent per capita and erythromycin 

DDDs and dollars spent per capita models, education was significant with its quadratic 

term and graphs of the predicted values showed a decline that becomes steeper as percent 

education increased towards its maximum recorded values (Tables 2 & 5; Figure 1b). 

Education was significant with its quadratic term in the models describing azithromycin 

as well; however, education was positively associated with azithromycin use initially, and 

this relationship leveled off as the levels of education in the population approached their 

maximum recorded values (Figure 2a). The negative association between education and 

macrolide use is expected; it is believed that higher population education levels reflect 

better knowledge concerning appropriate antibiotic use, thus it may be expected that 

populations with higher education levels are less likely to request unwarranted macrolide 

prescriptions. These results are consistent with previous research conducted in Denmark 

and Spain, where it was found that increasing education levels were negatively associated 

with macrolide consumption.10,27 Moreover, low educational levels in Spain have also 

been associated with increased antimicrobial resistance in erythromycin.10 Thus, targeted 

education programs may be warranted to reduce macrolide consumption and resistance in 

populations with lower than average educational levels. The contradictory results for 

azithromycin may reflect increased knowledge surrounding the simplified treatment 

protocols for azithromycin in a highly educated population, whether through patient 

research and request or differing physician communication with patients of varying 
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education levels. Further, due to the high rates of prescribing for children, a single dose 

per day regimen such as that for azithromycin may be more convenient for parents of 

patients that work out of the home, which may be more common in populations with high 

education levels.  

 

Median family income 

Median family income was negatively associated with the macrolide group DDDs 

and prescription rates (Table 2). Similarly, clarithromycin prescription counts were 

negatively associated with median family income (Table 4). In the clarithromycin DDDs 

and dollars spent per capita models where the quadratic term for median family income 

was significant, graphs of the predicted values showed a curvilinear relationship where 

initially macrolide use increased as median family income increased, but declined as 

median family income reached its median and maximal values (Table 4, Figure 1c). The 

azithromycin DDDs per capita model also included median family income with its 

quadratic term, producing a positive relationship that leveled off at higher income levels 

(Table 3, Figure 2b). The prescription count and dollars spent per capita models for 

azithromycin, and all three outcome models for erythromycin were positively associated 

with median family income (Tables 3 & 5). Similar to the relationship detailed for the 

health workers variable, the results pertaining to median family income may be attributed 

to health care access. Although access to health care is expected to be equal across 

income groups in Canada, it has been found that visits to general practitioners and 

specialists are more likely in higher income classes.28 Thus, as treatment is accessed more 

frequently by families with higher incomes, the prescription rates and DDDs per capita 
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are expected to be higher in these groups, as seen in the azithromycin and erythromycin 

models. In contrast, the results for clarithromycin showed the opposite relationship to 

median family income, and this may be attributable to cost. During the study period, 

clarithromycin had the highest per-treatment cost, and was the most frequently prescribed 

macrolide in the group.29 As co-payment (percentage of the overall cost that is paid out of 

pocket by the consumer) may increase with median family income for some drug plans, 

azithromycin may be chosen over the more expensive clarithromycin, as treatment 

efficacy and incidence of side effects have been shown to be similar between the two 

drugs.30,31 

 

Percentage of the population considered to be low income 

Paradoxically, percentage of the population considered to be low income along 

with its square term were significant predictors for the group DDD and prescription count 

models, and graphs of predicted counts showed a negative association that leveled off at 

high values of the low income variable and a slight positive effect at maximum values 

(Table 2, Figure 1d). Similar relationships were seen for all models describing 

clarithromycin use (Table 4). However, within the azithromycin DDD model, percent low 

income with its quadratic term produced a positive association that increased as percent 

low income increased (Figure 2c). Similarly, the remaining azithromycin models and 

erythromycin DDDs per capita were positively associated with percent low income 

(Tables 3 & 5). The results for azithromycin and erythromycin are supported by Cohen, 

who found a negative association between socioeconomic status and susceptibility to 

respiratory infections.32 Thus, it is apparent that populations with high percentages of low 
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income individuals are at high risk for respiratory infections and macrolide consumption, 

and therefore, macrolide resistance. Again, the contradictory results for clarithromycin 

and group use may be attributable to cost; clarithromycin is the most expensive macrolide 

addressed in this study, and consequently, it is expected that azithromycin or 

erythromycin would be preferentially prescribed in populations with high percentages of 

low income individuals  

 

Percent unemployment 

All models produced included percent unemployment and its quadratic term as 

significant predictors for use (Tables 2 - 5). Figure 1e displays the relationship between 

these terms and the macrolide DDDs per capita, where a negative relationship was seen 

between minimum and median values of unemployment, followed by a positive 

relationship as percent unemployment increased. A similar pattern was seen with the 

prescription count and dollars spent per capita models for the macrolide group, as well as 

all models for azithromycin, clarithromycin, and erythromycin use individually. These 

results likely reflect accessibility to health care, and risk for respiratory infections as 

previously discussed. Populations with high levels of percent unemployment may be at 

higher risk for respiratory infections due to issues such as crowding and stress, and 

therefore also at a higher risk for receiving macrolide prescriptions.32  

 

Rate of influenza 

The rate of influenza was significantly associated with use in all models. In the 

azithromycin and erythromycin prescription count models, and the dollars spent per 
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capita model for erythromycin, the rate of influenza was positively associated with use at 

all levels (Tables 3 & 5). In all other models, the rate of influenza was included with its 

quadratic term, producing a positive relationship that leveled off at high influenza rates 

(Figure 1f). These associations may reflect the inappropriate prescribing and 

consumption of macrolide antimicrobials to treat viral infections and/or prescribing for 

secondary bacterial infections.  

 

Interactions with influenza 

 The macrolide group and clarithromycin DDDs per capita models included 

significant interactions between the rate of influenza and percent unemployment. Graphs 

produced with the predicted values indicated that the demand for macrolides was highest 

in populations with the maximum values of percent unemployment as the rate of 

influenza increased (Tables 2 & 4, Figure 3a). Influenza interacted with percent education 

in the three models describing erythromycin use, showing that populations with minimum 

values of percent education had the highest demand for erythromycin as the influenza 

rate increased (Figure 3b, Table 5). Finally, percentage of the population considered to be 

low income interacted with the rate of influenza in the clarithromycin DDDs per capita 

model (Table 4). The greatest change in demand for clarithromycin was apparent in 

populations with high percentages of low income individuals as the rate of influenza 

increased (Figure 3c). These significant interactions indicate that populations with low 

percentages of individuals with bachelor’s degrees, those with high rates of 

unemployment, and those with high percentages of low income individuals may be at 
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highest risk for inappropriate macrolide use as the rate of influenza increases. Thus, these 

populations may benefit from targeted interventions for macrolide stewardship. 

Outcome measures 

The three outcome measures produced fairly consistent results among models for 

each of the macrolides and the macrolide group. However, depending on the availability 

of other data and study objectives, certain dependent variables may be of greater value. 

The dollars spent data quantifies total cost of the antimicrobials, which may reflect 

differences in generic versus brand name drugs or drug strengths. A drawback of 

modeling dollars spent per capita revolves around these price differences; the 

introduction of a new generic drug to the market may lead one to conclude that 

consumption of that antimicrobial is being reduced, when it is cost that has been reduced, 

rather than consumption. An example of this occurred in the models produced for 

azithromycin use. The DDD and prescription count models displayed an overall increase 

in use over the study period as did the dollars spent per capita model until 2005, when a 

sharp decline in dollars spent per capita occurred. Interestingly, this decline coincides 

with the addition of a generic form of azithromycin to provincial formularies, which 

occurred in all provinces (with the exception of Québec, as data was not available) in the 

later half of 2005.20 The DDD is a standardized measure that is independent of drug 

strength and supplier cost that may be used for international comparisons of use. 

Therefore, DDDs may quantify the amount of antimicrobial distributed more completely 

than dollars spent or prescription count data. Finally, the prescription count data reflects 

only the number of prescriptions dispensed for each drug, regardless of supplier or 

strength. This may be the best measurement for use when discussing behavioural 
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problems such as inappropriate prescribing and patient demand, which are issues that 

may be addressed by public and social health policies. Thus, using both prescription rate 

and DDD data may provide the most complete picture of antimicrobial use.  

Modeling results at the provincial level produced results that were consistent with 

those obtained from individual level studies. Our results suggest that targeted 

interventions for macrolide specific antimicrobial stewardship may be advantageous in 

populations with low percentage of individuals with bachelor’s degrees, high rates of 

unemployment, and high percentages of low income individuals. However, as data were 

collected and analyzed at the provincial level in this study, caution should be taken to 

avoid extrapolating these results to the level of the individual to avoid ecological bias. 

Analysis of three outcome measures suggested that DDD and prescription count data be 

employed in tandem for antimicrobial use modeling. Further large scale studies 

incorporating individual and community level variables are recommended to fully 

understand the influence of disease, socioeconomic factors, and formulary policies on the 

macrolide drug consumption patterns of individual Canadians and their communities.  
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Table 1: Descriptive statistics of independent variables used in multivariable models 
describing dollars spent per capita, defined daily doses per capita, and prescription counts 
for macrolide antimicrobials in Canada, 2000 - 2006. 
 
Variables Na Mean Median Standard 

deviation 
Minimum Maximum

Influenza cases 756 60.51 2 189.70 0 1914 
 
Percent unemployment  

 
756 

 
7.75 

 
7.3 

 
3.05  

 
2.90 

 
19.10 

 
Health workers per  
10 000 individuals 

 
756 

 
303.77 

 
300.15 

 
29.41  

 
242.40  

 
380.50 
 

 
Percentage of the 
population considered to  
be low income 

 
 
756 

 
 
15.31  

 
 
15.20 

 
 
2.42   

 
 
10 
 

 
 
21.10 
 

 
Percentage of the 
population with a  
bachelor’s degree 

 
 
756 

 
 
11.75  
 

 
 
11.85 

 
 
2.33  

 
 
6.70  

 

17.90 

 
Median family income 

 
756

 
58245 

 
55400 

 
7193  

 
49680  

 
77800 

a Total number of observations; monthly and per province from January 2000 through 
December 2006 
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Table 2: Coefficients, with their p-values, for multivariable models describing 
consumption of oral macrolide antimicrobials as measured by defined daily doses per 
capita, prescription counts, and dollars spent per capita in Canadian provinces from 2000 
to 2006. 
 

Model 
 

Proportion change 
in defined daily 
doses per capita 

Prescription Counts Proportion change 
in dollars spent per 

capita 
Variables 10β P IRR P 10β P 
Quartera       
Quarter 2 0.84 <0.001 0.83 <0.001 0.83 <0.001 
Quarter 3 0.66 <0.001 0.64 <0.001 0.65 <0.001 
Quarter 4 0.96 0.031 0.95 0.005 0.98 0.312 
Yeara       
2001 1.04 0.110 1.10 <0.001 1.14 <0.001 
2002 1.02 0.394 1.10 <0.001 1.19 <0.001 
2003 1.11 <0.001 1.19 <0.001 1.35 <0.001 
2004 1.07 0.068 1.11 0.001 1.32 <0.001 
2005 1.13 0.004 1.19 <0.001 1.47 <0.001 
2006 1.16 0.003 1.21 <0.001 1.39 <0.001 
Provincea       
British Columbia 0.83 0.001 0.79 <0.001 0.87 0.001 
Manitoba 0.80 0.002 0.81 0.004 0.79 <0.001 
New Brunswick 0.86 0.082 0.97 0.749 1.29 <0.001 
Nova Scotia 0.76 0.001 0.93 0.351 1.06 0.227 
Ontario 0.998 0.960 1.19 0.002 1.37 <0.001 
PEI and NFLD 0.92 0.461 0.78 0.034 1.11 0.216 
Québec 0.81 0.002 0.82 0.004 1.10 0.043 
Saskatchewan 0.73 <0.001 0.73 <0.001 0.74 <0.001 
 
Health workers 

 
0.98 

 
<0.001 

 
- 

 
- 

 
- 

 
- 

Health workers squared 1.000028 <0.001 - - - - 
Education - - 0.96 0.004 1.19 <0.001 
Education squared - - - - 0.99 <0.001 
Median family incomeb 0.87 0.006 0.88 0.017 - - 
Low income 0.88 <0.001 0.92 0.007 - - 
Low income squared 1.004 <0.001 1.003 0.008 - - 
Unemployment 0.96 0.025 0.94 0.001 0.93 <0.001 
Unemployment squared 1.002 0.016 1.003 <0.001 1.003 <0.001 
Influenzac 1.11 0.009 1.0005 <0.001 1.19 <0.001 
Influenza squared 0.98 <0.001 0.999998 0.001 0.97  
Influenza x 
unemployment 

1.008 0.041 - - - - 

Alpha (NBd model) NA - 0.02 <0.001 NA - 
aReferents for these categorical variables are: Quarter = 1, Year = 2000, and Province = Alberta 
bMedian family income coefficients are presented for $10 000 increments 
cInfluenza = 1 case per 10 000 individuals 
dNB = negative binomial model 
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Table 3: Coefficients, with their p-values, for multivariable models describing 
consumption of azithromycin as measured by defined daily doses per capita, prescription 
counts, and dollars spent per capita in Canadian provinces from 2000 to 2006. 
 

Model 
 

Proportion change 
in defined daily 
doses per capita 

Prescription Counts Proportion change 
in dollars spent per 

capita 
Variables 10β P IRR Variables 10β P 
Quartera       
Quarter 2 0.84 <0.001 0.81 <0.001 0.83 <0.001 
Quarter 3 0.67 <0.001 0.62 <0.001 0.64 <0.001 
Quarter 4 0.98 0.531 0.96 0.058 0.98 0.369 
Yeara       
2001 1.30 <0.001 1.32 <0.001 1.34 <0.001 
2002 1.42 <0.001 1.47 <0.001 1.50 <0.001 
2003 1.66 <0.001 1.73 <0.001 1.81 <0.001 
2004 1.59 <0.001 1.62 <0.001 1.77 <0.001 
2005 1.60 <0.001 1.69 <0.001 1.85 <0.001 
2006 1.56 <0.001 1.64 <0.001 1.47 <0.001 
Provincea       
British Columbia 0.61 <0.001 0.62 <0.001 0.62 <0.001 
Manitoba 1.38 0.001 1.43 0.001 1.34 0.001 
New Brunswick 4.01 <0.001 3.93 <0.001 3.78 <0.001 
Nova Scotia 2.72 <0.001 2.72 <0.001 2.65 <0.001 
Ontario 1.32 <0.001 1.31 <0.001 1.45 <0.001 
PEI and NFLD 1.95 <0.001 1.88 <0.001 1.93 <0.001 
Québec 1.60 <0.001 1.67 <0.001 1.56 <0.001 
Saskatchewan 1.31 0.026 1.34 0.007 1.25 0.040 
 
Education 

 
1.17 

 
0.007 

 
1.23 

 
<0.001 

 
1.28 

 
<0.001 

Education squared 0.994 0.012 0.99 <0.001 0.991 <0.001 
Median family incomeb 3.27 0.006 1.27 <0.001 1.24 0.001 
Median family income 
squared 

0.92 0.016 - - - - 

Low income 0.93 0.132 1.04 <0.001 1.04 <0.001 
Low income squared 1.003 0.019 - - - - 
Unemployment 0.91 <0.001 0.92 <0.001 0.92 0.001 
Unemployment squared 1.004 <0.001 1.004 <0.001 1.004 <0.001 
Influenzac 1.21 <0.001 1.002 <0.001 1.19 <0.001 
Influenza squared 0.97 <0.001 - - 0.97 0.001 
Alpha (NBd model) NA - 0.04 <0.001 NA - 
aReferents for these categorical variables are: Quarter = 1, Year = 2000, and Province = Alberta 
bMedian family income coefficients are presented for $10 000 increments 
cInfluenza = 1 case per 10 000 individuals 
dNB = negative binomial model 
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Table 4: Coefficients, with their p-values, for multivariable models describing 
consumption of clarithromycin as measured by defined daily doses per capita, 
prescription counts, and dollars spent per capita in Canadian provinces from 2000 to 
2006. 
 

Model 
 

Proportion 
change in defined 

daily doses per 
capita 

Prescription 
Counts 

Proportion 
change in dollars 
spent per capita 

Variables 10β P IRR P 10β P 
Quartera       
Quarter 2 0.83 <0.001 0.81 <0.001 0.83 <0.001 
Quarter 3 0.63 <0.001 0.60 <0.001 0.62 <0.001 
Quarter 4 0.98 0.267 0.94 0.005 0.97 0.174 
Yeara       
2001 1.06 0.067 1.07 0.014 1.06 0.044 
2002 1.08 0.025 1.09 0.010 1.10 0.012 
2003 1.22 <0.001 1.13 0.001 1.20 <0.001 
2004 1.21 <0.001 1.08 0.102 1.20 <0.001 
2005 1.33 <0.001 1.19 0.001 1.32 <0.001 
2006 1.36 <0.001 1.20 0.002 1.31 <0.001 
Provincea       
British Columbia 0.87 0.052 0.76 <0.001 0.86 0.040 
Manitoba 0.61 <0.001 0.51 <0.001 0.62 <0.001 
New Brunswick 0.85 0.196 0.46 <0.001 0.87 0.256 
Nova Scotia 0.63 <0.001 0.41 <0.001 0.60 <0.001 
Ontario 1.04 0.452 0.98 0.638 1.07 0.185 
PEI and NFLD 1.05 0.745 0.61 <0.001 1.04 0.788 
Québec 1.13 0.170 0.77 0.002 1.19 0.060 
Saskatchewan 0.50 <0.001 0.42 <0.001 0.54 <0.001 

 
Health workers 0.97 <0.001 0.96 <0.001 0.97 <0.001 
Health workers squared 1.00005 <0.001 1.0001 <0.001 1.00005 <0.001 
Median family incomeb 3.15 0.001 0.76 <0.001 3.14 0.002 
Median family income squared 0.91 <0.001 - - 0.91 <0.001 
Low income 0.76 <0.001 0.78 <0.001 0.76 <0.001 
Low income squared 1.008 <0.001 1.007 <0.001 1.008 <0.001 
Unemployment 0.94 0.004 0.95 0.028 0.94 0.008 
Unemployment squared 1.003 0.004 1.002 0.011 1.002 0.005 
Influenzac 0.76 0.077 1.0005 <0.001 1.20 <0.001 
Influenza squared 0.97 0.001 0.9998 0.001 0.97 <0.001 
Influenza x low income 1.02 0.006 - - - - 
Influenza x unemployment 1.01 0.018 - - - - 
Alpha (NBd model) NA - 0.03 <0.001 NA - 
aReferents for these categorical variables are: Quarter = 1, Year = 2000, and Province = Alberta 
bMedian family income coefficients are presented for $10 000 increments 
cInfluenza = 1 case per 10 000 individuals 
dNB = negative binomial model 
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Table 5: Coefficients, with their p-values, for multivariable models describing 
consumption of erythromycin as measured by defined daily doses per capita, prescription 
counts, and dollars spent per capita in Canadian provinces from 2000 to 2006. 
 

Model 
 

Proportion change 
in defined daily 
doses per capita 

Prescription Counts Proportion change 
in dollars spent per 

capita 
Variables 10β P IRR P 10β P 
Quartera       
Quarter 2 0.89 <0.001 0.85 <0.001 0.87 <0.001 
Quarter 3 0.76 <0.001 0.71 <0.001 0.73 <0.001 
Quarter 4 0.89 <0.001 0.86 <0.001 0.89 <0.001 
Yeara       
2001 0.81 <0.001 0.81 <0.001 0.82 <0.001 
2002 0.67 <0.001 0.67 <0.001 0.70 <0.001 
2003 0.64 <0.001 0.64 <0.001 0.68 <0.001 
2004 0.54 <0.001 0.53 <0.001 0.57 <0.001 
2005 0.47 <0.001 0.45 <0.001 0.51 <0.001 
2006 0.41 <0.001 0.39 <0.001 0.47 <0.001 
Provincea       
British Columbia 1.40 <0.001 1.18 <0.001 1.91 <0.001 
Manitoba 1.91 <0.001 2.32 <0.001 2.41 <0.001 
New Brunswick 0.90 0.175 0.98 0.768 1.23 0.020 
Nova Scotia 1.35 <0.001 1.62 <0.001 2.06 <0.001 
Ontario 0.68 <0.001 0.71 <0.001 0.81 <0.001 
PEI and NFLD 1.90 <0.001 1.94 <0.001 2.51 <0.001 
Québec 0.24 <0.001 0.29 <0.001 0.35 <0.001 
Saskatchewan 2.40 <0.001 2.82 <0.001 3.92 <0.001 
 
Education 

 
1.15 

 
<0.001 

 
0.94 

 
<0.001 

 
1.12 

 
0.009 

Education squared 0.992 <0.001 - - 0.993 <0.001 
Median family incomeb 1.18 <0.001 1.19 <0.001 1.32 <0.001 
Low income 1.02 0.012 - - - - 
Unemployment 0.96 0.022 0.96 <0.001 0.95 0.003 
Unemployment squared 1.002 0.001 1.002 0.010 1.003 <0.001 
Influenzac 1.41 <0.001 1.001 0.001 1.21 0.004 
Influenza squared 0.98 0.001 - - - - 
Influenza x education 0.98 <0.001 0.99995 0.002 0.990 0.030 
Alpha (NBd model) NA - 0.02 <0.001 NA - 
aReferents for these categorical variables are: Quarter = 1, Year = 2000, and Province = Alberta 
bMedian family income coefficients are presented for $10 000 increments 
cInfluenza = 1 case per 10 000 individuals 
dNB = negative binomial model 



 

Figure 1: Predicted values and their 95% confidence intervals for the effect of the number 
of health workers per 10 000 individuals, percentage of the population with a bachelor’s 
degree, median family income, percentage of the population considered to be low 
income, percent unemployment, and reported cases of influenza with their quadratic 
terms on the consumption of the macrolide group of antimicrobials, erythromycin, or 
clarithromycin after accounting for all other significant variablesa. 
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aAll other variables set to median values for these graphs. For the categorical variables, 
quarter was set to 1, year to 2006, and province to Ontario. 
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Figure 2: Predicted values and their 95% confidence intervals for the effect of the 
percentage of the population with a bachelor’s degree (percent education), median family 
income, and percentage of the population considered to be low income with their 
quadratic terms on the consumption of azithromycin in Canada (2000-2006) after 
accounting for all other significant variablesa. 
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aAll other variables set to median values for these graphs. For the categorical variables, 
quarter was set to 1, year to 2006, and province to Ontario. 
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Figure 3: Predicted values for macrolide, erythromycin, and clarithromycin DDDs per 
capita in Canada (2000-2006) as the rate of influenza changes and interacts with percent 
unemployment, percent education, and percentage of the population considered to be low 
income after controlling for other significant variablesa. 
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aAll other variables set to median values for these graphs. For the categorical variables, 
quarter was set to 1, year to 2006, and province to Ontario. 
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CHAPTER 3: 

 

AN ANALYSIS OF PROVINCIAL-LEVEL RISK FACTORS FOR THE USE OF 

ORAL FLUOROQUINOLONE ANTIMICROBIALS BY HUMANS IN CANADA 

(2000 – 2006) 

 

Formatted for submission to the Journal of Antimicrobial Chemotherapy.
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SYNOPSIS 

Objective 

 To assess potential risk factors among socioeconomic variables and the rate of 

influenza for the use of fluoroquinolone antimicrobials in Canada.   

Methods 

Group and individual fluoroquinolone use were described monthly from 2000-

2006 by two outcome measurements: defined daily doses, and prescription counts. 

Multivariable linear and negative binomial models were produced with socioeconomic 

and influenza rate data to describe the outcome measures. 

Results 

Significant socioeconomic predictors varied among the individual and group 

antimicrobial models, which may reflect the range of infections that are treated with 

fluoroquinolones; however, socioeconomic variables within the ciprofloxacin and 

levofloxacin models were similar, and indicated that use was highest in affluent 

populations. Significant seasonal patterns were observed for use of all fluoroquinolones 

investigated, however winter peaks were not consistently observed. The rate of influenza 

was a significant predictor for the prescribing of levofloxacin after accounting for 

quarter.  

Conclusions 

Significant associations between levofloxacin use and influenza after accounting 

for season may suggest that levofloxacin has been prescribed off-guidelines for seasonal 

viral respiratory tract infections, or that it was used to treat viral or secondary bacterial 

infections associated with these infections. Yearly patterns of ciprofloxacin use show that 
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prescribing practices have changed; more ciprofloxacin prescriptions are being dispensed, 

but for smaller doses or shorter treatment times. Associations with socioeconomic 

variables suggest that fluoroquinolones are more likely to be used in more affluent 

populations, likely due to the high cost of fluoroquinolone antimicrobials in comparison 

to the penicillin and macrolide groups.  

 

INTRODUCTION 

A number of reports on fluoroquinolone resistance have been made recently in 

both community and hospital settings. As the prevalence of resistance increases, the 

usefulness of fluoroquinolone antimicrobials for empiric treatment wanes and puts 

infected patients at risk for treatment failure, disease exacerbation and mortality.1-3 

Previous treatment with fluoroquinolones has been shown to be significantly associated 

with antimicrobial resistance in Streptococcus pneumoniae,3-5 Staphylococcus aureus,6,7 

Pseudomonas aeruginosa,8,9 Escherichia coli and Klebsiella pneumoniae.10 Therefore, in 

order to control the development of further resistance and safeguard the efficacy of 

fluoroquinolone antimicrobials for future use, regulated consumption of fluoroquinolones 

is essential. It has been suggested that regulated consumption may be imposed through 

social and health policies such as changes to antimicrobial formularies11.  

In order to develop successful policies and to target populations where policies 

would be most effective, knowledge regarding ecological factors associated with use is 

required. Studies of antimicrobial prescribing have suggested that factors such as 

education,12,13 median family income,14 low income status, and access to health care may 

be associated with antimicrobial prescribing.15 Similar results were obtained in Canada at 
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the provincial level when modeling the use of macrolide antimicrobials, although the rate 

of reported influenza cases was also a significant predictor for macrolide use.16 To our 

knowledge, ecological studies have not been performed to determine specific risk factors 

for fluoroquinolone prescribing and use. Therefore, the objective of this study was to 

determine ecological risk factors for community fluoroquinolone use in Canadian 

provinces from 2000-2006, in order to determine populations which may benefit from 

targeted educational materials, and health and social policies regarding appropriate 

fluoroquinolone use. It is our expectation that influenza may be a significant predictor for 

the use of the newer fluoroquinolones indicated for respiratory infections, such as 

levofloxacin and moxifloxacin, as they may be prescribed in a similar manner as 

macrolide antimicrobials. A significant seasonal trend in DDDs and prescribing with 

peaks in use occurring during the winter months is also expected for the fluoroquinolones 

that are indicated for respiratory infections. Furthermore, it is our expectation that 

modeling results for individual fluoroquinolone antimicrobials will differ, due to the 

variety of conditions for which these drugs are indicated as appropriate therapy (e.g., 

levofloxacin for respiratory infections, and norfloxacin for urinary tract infections). 

 

MATERIALS AND METHODS 

Data sources 

 The Intercontinental Medical Statistics (IMS) Canada CompuScriptTM dataset was 

obtained from the Canadian Integrated Program for Antimicrobial Resistance 

Surveillance (CIPARS). This dataset included the number of oral antimicrobial 

prescriptions dispensed to outpatients in Canada. Defined daily dose calculations were 
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performed by CIPARS according to the Anatomical Therapeutic Chemical classification 

system from the World Health Organization (WHO).17-18A DDD is defined by the WHO 

as “the assumed average maintenance dose per day for a drug used for its main indication 

in adults.”17 Data were supplied monthly for each individual province except Prince 

Edward Island (PEI) and Newfoundland (NFLD), for which data were combined. The 

study period was from January 2000 to December 2006, resulting in a total of 756 data 

points for examination. Data describing fluoroquinolone use was extracted from the 

CompuScriptTM dataset. The fluoroquinolone antimicrobials gatifloxacin, grepafloxacin, 

moxifloxacin, and trovafloxacin were excluded from analyses as they were not 

consistently used in all provinces over the study period. DDD and prescription count 

describing the use of four fluoroquinolones were used for analyses, as suggested by 

previous research16: ciprofloxacin, levofloxacin, norfloxacin, and ofloxacin. To obtain the 

total prescription counts and DDDs for the group, DDDs and prescription counts were 

summed across the above four individual antimicrobials.  

 Socioeconomic data were obtained from census counts, extrapolations, and 

estimates as compiled by Statistics Canada. Monthly measurements were available for 

percent unemployment and the number of individuals with a bachelor’s degree, quarterly 

estimates were available for population, and yearly estimates were available for median 

family income, number of individuals considered low income, and number of health care 

workers, which was a count of all individuals in human health occupations including 

health professionals, registered nurses, technicians and assistants.19-23 Per capita 

transformations were performed on the DDD data points using the population estimates 

from Statistics Canada. 
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Influenza rate data were obtained from FluWatch, the national surveillance 

system for influenza facilitated by the Public Health Agency of Canada. Weekly 

laboratory confirmed cases of influenza were obtained from 2000 through 2006. Monthly 

data were produced by collapsing weekly data and merged with the refined 

CompuScriptTM dataset. Finally, to account for seasonal variation within years, a quarter 

variable was produced where quarter was defined as follows: quarter one included 

January, February and March; quarter two included April, May and June; quarter three 

included July, August and September; and quarter four included October, November and 

December. 

 

Statistical Analyses 

 All statistical analyses were performed using STATA Intercooled 9.1. To meet 

the linear model assumptions of normality and heteroscedasticity, base 10 logarithmic 

(log10) transformations were performed on the DDD data. 

 

Univariable analysis  

Univariable associations were assessed between each of the predictor variables 

and each of the dependent variables using linear regression for the log10DDDs per capita 

variable and negative binomial regression for prescription count data. Variables with p-

values <0.20 were tagged for potential inclusion within their respective multivariable 

models.24 Collinearity of predictor variables were assessed using Pearson correlation 

coefficients, and pairs of variables with absolute Pearson correlation values above 0.8 

were considered to be of concern for collinearity.24 Linearity of continuous predictors 
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with the log10DDDs per capita data, and the natural logarithm of the prescription rates 

were assessed visually using lowess smoothers.24 To address non-linearity, quadratic 

terms were tested using a p-value cut-off of ≤ 0.05. If quadratic terms were significant 

and adequately described the relationship between the predictor and the outcome, the 

quadratic term was included in the model. If the quadratic term was not significant, or did 

not adequately describe the non-linear relationship between the predictor and the 

outcome (identified by the lowess smoothers), the predictor variable was categorized.  

 

Multivariable statistics  

A manual model building approach was employed using variables tagged for 

inclusion from univariable statistics. Quarter, year, and province were forced into all 

models to control for potential confounding effects and clustering by space and time. A 

p-value of ≤ 0.05 was used to determine if a predictor was acceptable for inclusion in the 

final models. Confounding was assessed throughout model development, and was defined 

as a 20% or greater change in any statistically significant coefficient in the model with 

the addition or removal of any variable.24 Confounding variables were included in final 

models regardless of their significance. Interaction terms were generated and tested 

between influenza and the socioeconomic variables, and tested within the models with a 

p-value for inclusion of ≤ 0.05. Finally, variables not tagged for model inclusion during 

univariable analysis were introduced to the model to assess potential confounding. Extra-

Poisson variation was expected within the prescription count data, and consequently, 

negative binomial models were developed for the prescription count data. If the 

overdispersion parameter (α) was significantly different from zero, the negative binomial 
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model was considered to fit the data better than a Poisson model. Finally, to account for 

population differences in the negative binomial models, the log of the population was 

included as the offset variable.  

 

Outlier and Residual Analyses  

Outliers and influential points were assessed for all models, and normality and 

homogeneity of variance were also assessed within the linear models. Data for outlying 

observations or observations showing a large degree of influence on the model 

coefficients were examined for potential recording errors or unusual characteristics that 

may account for poor model fit.  

 

Back transformation of data  

Defined daily doses per capita data were back transformed from the log10scale by 

exponentiating 10 to the power of each coefficient (10β). This practice results in a 

measure of the proportion change from the referent category (i.e., a value of 0.75 would 

indicate that the measure is 75% of the referent measure.) Results for negative binomial 

models are presented as incidence rate ratios (IRRs), a ratio measure of the frequency of 

occurrence of the expected outcome in the exposed group to the frequency of occurrence 

of the expected outcome in the unexposed group.  Thus, IRRs > 1 show a higher 

frequency of the expected outcome in the group exposed to the variable under study, and 

IRRs < 1 show a higher frequency of the expected outcome in the group unexposed to the 

variable under study, or exposed at a lower level (which may be interpreted as the 

variable having a protective effect on the occurrence of the outcome). 
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RESULTS AND DISCUSSION 

Descriptive statistics for all socioeconomic and influenza variables are included in 

Table 1.  

 

Seasonality 

The quarter variable was significant in all models produced to describe 

fluoroquinolone use in Canada from 2000 through 2006 (Tables 2 – 6).  Use of the 

fluoroquinolone group was highest in quarter 4, though not significantly different from 

quarter 1 in the DDD model (Table 2). Ciprofloxacin DDDs and prescription counts were 

significantly higher in quarter four than quarters one through three (10β range = 1.04 – 

1.10, p value range = 0.003 - <0.001; IRR range = 1.05 – 1.10, p value range = 0.001 - 

<0.001; Table 3). Levofloxacin use was highest in quarter 1 by both outcome measures, 

though not significantly different from use in quarter 4 in either model (Table 4). 

Norfloxacin use was highest in quarter 1, though not significantly different from quarter 3 

in either model (Table 5). Finally, ofloxacin use was highest in quarter 1, though not 

significantly different from DDDs in quarter 4 or prescribing in quarters 2 or 4. This 

seasonal pattern of use was expected in the levofloxacin models because it is active 

against S. pneumoniae and is indicated for bacterial respiratory infections, which 

regularly occur in a seasonal pattern, often as a consequence of initial viral infection.25 

Ciprofloxacin and ofloxacin are not generally indicated for the treatment of 

pneumococcal respiratory infections5; however, the significance of the quarter variable 

here suggests that they may have been used for this purpose. Due to inadequate blood 
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serum concentrations, norfloxacin indications are limited to urinary tract infections 

(UTIs).26 Our results suggest that norfloxacin was probably not prescribed for seasonal 

respiratory infections as use was equally high in the summer months as it is in the winter, 

although there were significant differences among other quarters. 

 

Year 

After accounting for all other significant variables, the fluoroquinolone group 

DDDs decreased significantly from use in 2000 to 2006 (Table 2). Fluoroquinolone 

prescribing during 2003 – 2005 was significantly higher than the rate in 2000, though not 

significantly different from the rate in 2000 in any other year (Table 2). Ciprofloxacin 

DDDs were not significantly different from the rate seen in 2000 during any other year 

(Table 3). In contrast, ciprofloxacin prescribing increased steadily from 2002 – 2006, 

though prescribing was not significantly different between 2000 and 2001 (Table 3). 

During 2001 – 2004, the levofloxacin DDDs and prescribing rates were significantly 

higher than the measurements in 2000, however, use declined in 2005 to a rate not 

significantly different from 2000, and decreased again in 2006 to a rate significantly 

lower than 2000 (Table 4). Norfloxacin DDDs decreased in a steady manner from 2001 

through 2005, with a leveling off between 2005 and 2006 (10β = 0.97, p = 0.348; Table 

5). Similarly, norfloxacin prescribing declined steadily from 2000 through 2005, and 

leveled off between 2005 and 2006 (IRR = 0.99, p = 0.824; Table 5).  The ofloxacin 

DDDs and prescribing followed a similar pattern of decreasing use from 2000 through 

2005, with an increase in DDDs between 2005 and 2006 (10β = 1.10, p = 0.002), and a 

leveling of prescribing from 2005 and 2006 (IRR = 1.001, p = 0.980). As these results 
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reflect multivariable results and control for other variables, differences may be seen 

between these results and raw data trends previously published.16 When examined by 

DDDs, fluoroquinolone group use declined over the study period; however, the 

prescription rate group model shows that overall prescribing increased for the 

fluoroquinolone group. This increase in overall prescribing is likely due to an increase in 

prescribing for ciprofloxacin, as prescribing for levofloxacin, ofloxacin and norfloxacin 

have all decreased. This dichotomy highlights the need to analyze antimicrobial use by 

both DDD and prescription count outcomes in order to fully present the patterns of use 

and avoid improper conclusions.16 Furthermore, it indicates that prescribing practices for 

ciprofloxacin changed over the study period; it appears that lower dosages of 

ciprofloxacin were being prescribed at a higher rate toward the end of the period. This 

may be a cause for concern, as in-vitro analysis has found that resistance in S. aureus 

may develop following low dose ciprofloxacin use.27 Alternatively, an increase in low 

dose prescribing may reflect an increase in prescribing for children, as it is assumed that 

children would be prescribed a lower dose than adults. DDD data that included the age of 

patients was not available for investigation; this may be an opportunity for future 

research if the data become available. The practice of increasing ciprofloxacin use in 

children may also be cause for concern for two reasons; first, the potential for adverse 

effects in the pediatric population has been noted,26 and second, children are the highest 

group of antimicrobial consumers, and are the main reservoir for S. pneumoniae.28 Thus, 

there is potential for the problem of fluoroquinolone resistance in S. pneumoniae to be 

exacerbated by increasing the amount of fluoroquinolone antimicrobials used in the 

pediatric population, where use has been limited in the past.27 
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Province 

 Fluoroquinolone group use by both outcome measures was significantly higher in 

PEI and NFLD than any other province (10β range = 1.90 – 3.83, p < 0.001; IRR range = 

1.41 – 2.34, p < 0.001; Table 2). Similarly, ciprofloxacin DDDs were higher in PEI and 

NFLD than any other province (10β range = 2.32 – 4.80, p < 0.001; Table 3). 

Ciprofloxacin prescribing was highest in British Columbia (IRR range = 1.17 – 1.87, p < 

0.001; Table 3), compared to all other provinces except PEI and NFLD (IRR = 1.05, p = 

0.606). Levofloxacin use was highest in Manitoba compared to all other provinces (10β 

range = 1.56 – 4.55, p < 0.001; IRR range = 1.54 – 4.01, p < 0.001; Table 4), except 

Québec (10β = 1.09, p = 0.182; IRR = 1.10, p = 0.160) and Alberta (10β = 1.23, p = 

0.069; IRR = 1.12, p = 0.287). The two models for norfloxacin use indicated that use was 

significantly higher in Ontario than any other province (10β range = 2.34 – 31.69, p < 

0.001; IRR range = 1.55 – 21.28, p < 0.001; Table 5). The DDD model for ofloxacin 

indicated that use was highest in Ontario (10β range = 2.59 - 32.83, p < 0.001).  However, 

ofloxacin prescribing was highest in PEI and NFLD (IRR range = 1.16 – 8.01, p range = 

0.008 - <0.001; Table 6). Significant differences in provincial patterns of use may be 

attributed to variation in provincial and third party drug formularies among the provinces. 

Further research describing policy and formulary variation may assist in determining 

whether there is an association between restrictive policies and a reduction in 

antimicrobial use. 
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Median family income  

 Median family income along with its quadratic term significantly predicted 

fluoroquinolone group DDDs, producing a positive association that leveled off at the 

highest recorded values for median family income (Table 1; Figure 1a). Similar 

associations were observed in the ciprofloxacin DDD and levofloxacin DDD models 

(Tables 3 & 4). Median family income was associated with increased prescribing in the 

fluoroquinolone group, and for levofloxacin (Tables 2 & 4). Conversely, norfloxacin and 

ofloxacin DDD models included median family income and its quadratic term, producing 

a curvilinear relationship where DDDs decreased and leveled off as median family 

income increased to its maximum recorded values (Tables 5 & 6; Figure 1b).  Median 

family income was negatively associated with prescribing for norfloxacin (Table 5).  

Finally, median family income was not a significant predictor in the models for 

ciprofloxacin and ofloxacin prescribing (Tables 3 & 6). The results for the group, 

ciprofloxacin DDDs and levofloxacin may also be due to an increase in financial 

accessibility to these agents. However, dissimilar results were seen in the norfloxacin and 

ofloxacin DDD models, perhaps due to an increased risk for infections commonly treated 

with norfloxacin and ofloxacin in populations with low median incomes, such as UTIs. 

Previous research surrounding socioeconomic predictors for UTIs is limited, however 

one study reported an association between lower income and UTIs in women aged 40-

65.29 
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Percentage of the population considered to be low income 

 The fluoroquinolone DDDs showed a decline with increasing percent low income, 

but this effect leveled off as percent low income reached its highest recorded values 

(Table 2; Figure 1c). This pattern was also apparent in the ciprofloxacin DDD model, the 

norfloxacin DDD model, and both models describing levofloxacin use (Tables 3 - 5). 

Percent low income was negatively associated with fluoroquinolone group prescribing, 

ciprofloxacin prescribing, and ofloxacin DDDs (Tables 2, 3 & 6). Finally, percent low 

income was not a significant predictor in the models for norfloxacin or ofloxacin 

prescribing (Tables 5 & 6). Fluoroquinolones are among the most expensive oral 

antimicrobials currently used in outpatient care, and although Canada has a universal 

health care system, and provincial drug plan payment requirements are based on income, 

physicians may tend to prescribe cheaper antimicrobial alternatives to patients in low 

income situations. Mamdani and colleagues found that among Canadian senior citizens, 

those with higher incomes had a higher risk of receiving more expensive brand-name 

antipsychotics, beta-blockers, and statins than their lower income peers.30 Our findings 

suggest that prescribing decisions based on income are likely to be occurring within 

entire populations, and for antimicrobial agents as well.  

 

Health workers per 10 000 individuals 

 The health workers variable was negatively associated with DDDs and 

prescribing of ciprofloxacin (Table 3). Along with its quadratic term, the health workers 

variable produced an initial negative association with ofloxacin prescribing that leveled 

off and increased slightly at high values of the health workers variable (Table 6; Figure 
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1d). These results may reflect physician practice pressures. When few physicians are 

available, demand for their time and thus patient volume is amplified, which has been 

shown to be associated with increased prescribing.31 Similar results were reported for 

macrolide prescribing.16 The positive association between ofloxacin prescribing as the 

number of health workers per capita reaches its highest levels may be attributed to 

accessibility to specialists; it is expected that the proportion of specialists would increase 

as the number of health workers in a population increase, and it has been reported that 

specialists are more likely to prescribe ofloxacin for UTIs than general physicians.33 

 

Percentage of the population with a bachelor’s degree 

 The education variable (as measured by the percentage of the population with a 

bachelor’s degree) along with its quadratic term, were significant within both 

levofloxacin models and the norfloxacin DDD model. The curvilinear relationship shows 

a slight initial decline, followed by an increase as percent education increases (Tables 4 

& 5; Figure 1e). Conversely, within the ciprofloxacin prescription model, education and 

its square term produced a curvilinear relationship where ciprofloxacin prescribing 

initially increased with increasing percent education, but decreased as percent education 

increased towards its maximal recorded values (Table 3; Figure 1f). Finally, education 

was significantly associated with the reduction of ofloxacin DDDs (Table 6). The effects 

of education on fluoroquinolone use present further opportunities for research to explain 

the discrepancies among individual agents. 
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Percent unemployment 

 Percent unemployment was positively associated with levofloxacin use by both 

measures (Table 4), and negatively associated with norfloxacin use by both measures 

(Table 5). The results for levofloxacin were expected, as it has been shown that 

unemployment is associated with increased susceptibility to respiratory infection33, and 

since levofloxacin is indicated for respiratory infections, it is expected that positive 

associations would appear for levofloxacin use. However, although it is unlikely that 

populations with high levels of unemployment have a reduced risk of UTIs, which would 

account for the norfloxacin results, they may be less likely to seek medical attention due 

to financial demands.  

 

Influenza 

The rate of influenza was negatively associated with ciprofloxacin DDDs, while 

positively associated with levofloxacin prescribing (Tables 3 & 4). In the levofloxacin 

DDD model, influenza interacted with percent education (Table 4), which indicated that 

the demand for levofloxacin was highest in populations with high percent education as 

the influenza rate increased (Figure 2). These results may indicate that levofloxacin is 

being prescribed off-guidelines for viral infections such as influenza or for secondary 

infections, while ciprofloxacin is avoided for treatment of these conditions. Off-guideline 

prescribing of fluoroquinolones has been noted in the United States,34,35 and is anticipated 

to occur similarly in Canada. The positive association between influenza and levofloxacin 

use after accounting for season is particularly concerning, as it may suggest that 

levofloxacin is being prescribed for respiratory infections of non-bacterial etiology. The 
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interaction with education in the DDD model also highlights that this off guideline 

prescribing is occurring at a high rate in populations with high levels of university 

educated individuals. Furthermore, MacDougall et al. found that community levofloxacin 

use was associated with the proportion of S. aureus cases that were methicillin-resistant, 

and E. coli cases that were fluoroquinolone-resistant in a nearby hospital.33 Similarly, 

Bhavani and colleagues found that an increase in levofloxacin use was associated with 

increased resistance in S. pneumoniae,4 and Gilbert et al. showed that in-vitro resistance 

in P. aeruginosa occurred at a faster rate in the presence of levofloxacin than 

ciprofloxacin.36  We therefore suggest that particular attention should be paid to the 

community use of levofloxacin in order to combat developing resistance. We believe that 

this pattern may have been occurring for ciprofloxacin before the introduction of 

levofloxacin onto the market; however, levofloxacin was released prior to the start date of 

this study.   

Modeling results for provincial fluoroquinolone use present similar associations 

as those offered from individual level studies on general antimicrobial use.12-16 Although 

the nature of the associations differ occasionally between individual agents, these 

differences are likely attributable to the variety of conditions treated with 

fluoroquinolones. Results suggest ciprofloxacin and levofloxacin stewardship may be 

beneficial, particularly if prescribing increases within the pediatric population. 

Populations which may benefit from targeted health and social policy regarding 

fluoroquinolone use include those with high median family incomes and low percentages 

of low income individuals. Furthermore, the interaction between influenza and education 

in the levofloxacin DDD model may be an indicator of differential communication 
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between physicians and patients with varying education levels, and further, different 

levels of antimicrobial coverage in these groups. Interestingly, these suggestions counter 

those made for reducing macrolide use in Canada, indicating that antimicrobial groups 

are prescribed and used at different rates in populations with similar socioeconomic 

conditions.16  
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Table 1: Descriptive statistics of independent variables used in multivariable models 
describing dollars spent per capita, defined daily doses per capita, and prescription counts 
for fluoroquinolone antimicrobials in Canada, 2000-2006. 
 
Variables Na Mean Median Standard 

deviation 
Minimum Maximum

Influenza cases 756 60.51 2 189.70 0 1914 
 
Percent unemployment  

 
756 

 
7.75 

 
7.3 

 
3.05  

 
2.90 

 
19.10 

 
Health workers per  
10 000 individuals 

 
756 

 
303.77 

 
300.15 

 
29.41  

 
242.40  

 
380.50 
 

 
Percentage of the 
population considered to  
be low income 

 
 
756 

 
 
15.31  

 
 
15.20 

 
 
2.42   

 
 
10 
 

 
 
21.10 
 

 
Percentage of the 
population with a  
bachelor’s degree 

 
 
756 

 
 
11.75  
 

 
 
11.85 

 
 
2.33  

 
 
6.70  

 

17.90 

 
Median family income 

 
756

 
58245 

 
55400 

 
7193  

 
49680  

 
77800 

a Total number of observations; monthly and per province from January 2000 through 
December 2006 
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Table 2: Coefficients, with their p-values, for the final models describing consumption of 
fluoroquinolone antimicrobials as measured by log DDDs per capita and prescription 
counts in Canadian provinces from 2000 to 2006. 
 

Model 
 

Proportion change in 
defined daily doses per 

capita 

Prescription Counts 

Variables 10β P IRR P 
Quartera     
Quarter 2 0.94 <0.001 0.94 <0.001 
Quarter 3 0.91 <0.001 0.96 <0.001 
Quarter 4 1.02 0.062 1.02 0.012 
Yeara     
2001 0.98 0.377 1.03 0.059 
2002 0.95 0.001 1.02 0.065 
2003 0.97 0.016 1.07 <0.001 
2004 0.92 <0.001 1.05 0.001 
2005 0.89 <0.001 1.05 0.001 
2006 0.85 <0.001 1.03 0.081 
Provincea     
British Columbia 1.04 0.372 1.10 0.006 
Manitoba 1.25 <0.001 1.08 0.036 
New Brunswick 1.69 <0.001 1.12 0.025 
Nova Scotia 1.36 <0.001 0.95 0.263 
Ontario 0.95 0.004 0.85 <0.001 
PEI and NFLD 3.22 <0.001 1.73 <0.001 
Québec 1.30 <0.001 1.23 <0.001 
Saskatchewan 0.84 <0.001 0.74 <0.001 
 
Median family incomeb 

 
4.96 

 
<0.001 

 
1.17 

 
<0.001 

Median family income 
squared 

0.90 <0.001 - - 

Low income 0.94 0.001 0.98 <0.001 
Low income squared 1.002 0.005 - - 
Alpha (NBc model) NA NA 0.01 <0.001 
aReferents for these categorical variables are: Quarter = 1, Year = 2000, and Province = Alberta 
bMedian family income coefficients are presented for $10 000 increments 
cNB = negative binomial model 
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Table 3: Coefficients, with their p-values, for the final models describing consumption of 
ciprofloxacin as measured by log DDDs per capita and prescription counts in Canadian 
provinces from 2000 to 2006. 
 

Model 
 

Proportion change in 
defined daily doses per 

capita 

Prescription Counts 

Variables 10β P IRR P 
Quartera     
Quarter 2 0.95 <0.001 0.96 0.003 
Quarter 3 0.98 0.072 1.01 0.464 
Quarter 4 1.04 0.003 1.05 <0.001 
Yeara     
2001 0.96 0.055 1.01 0.551 
2002 0.97 0.178 1.05 0.028 
2003 1.02 0.481 1.12 <0.001 
2004 0.98 0.581 1.15 <0.001 
2005 0.995 0.882 1.24 <0.001 
2006 0.96 0.257 1.28 <0.001 
Provincea     
British Columbia 1.76 <0.001 1.63 <0.001 
Manitoba 1.91 <0.001 1.27 <0.001 
New Brunswick 1.94 <0.001 0.88 0.006 
Nova Scotia 1.73 <0.001 0.87 <0.001 
Ontario 0.94 0.011 0.90 0.003 
PEI and NFLD 4.50 <0.001 1.55 <0.001 
Québec 1.87 <0.001 1.38 <0.001 
Saskatchewan 1.36 <0.001 0.88 0.015 
 
Health workers 

 
0.999 

 
0.006 

 
0.999 

 
0.012 

Education - - 1.14 <0.001 
Education squared - - 0.994 <0.001 
Median family incomeb 12.39 <0.001 - - 
Median family income 
squared 

0.84 <0.001 - - 

Low income 0.87 <0.001 0.994 <0.001 
Low income squared 1.003 <0.001 - - 
Influenzac 0.98 0.031 - - 
Alpha (NBd model) NA NA 0.02 <0.001 
aReferents for these categorical variables are: Quarter = 1, Year = 2000, and Province = Alberta 
bMedian family income coefficients are presented for $10 000 increments 
cInfluenza = 1 case per 10 000 individuals 
dNB = negative binomial model 
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Table 4: Coefficients, with their p-values, for the final models describing consumption of 
levofloxacin as measured by log DDDs per capita and prescription counts in Canadian 
provinces from 2000 to 2006. 
 

Model 
 

Proportion change in 
defined daily doses per 

capita 

Prescription Counts 

Variables 10β P IRR P 
Quartera     
Quarter 2 0.87 <0.001 0.87 <0.001 
Quarter 3 0.71 <0.001 0.71 <0.001 
Quarter 4 0.98 0.373 0.97 0.231 
Yeara     
2001 1.27 <0.001 1.32 <0.001 
2002 1.18 <0.001 1.25 <0.001 
2003 1.22 <0.001 1.32 <0.001 
2004 1.11 0.040 1.19 <0.001 
2005 0.95 0.435 1.0002 0.997 
2006 0.75 <0.001 0.81 0.002 
Provincea     
British Columbia 0.27 <0.001 0.28 <0.001 
Manitoba 1.23 0.069 1.12 0.287 
New Brunswick 0.64 0.009 0.48 <0.001 
Nova Scotia 0.79 0.086 0.73 0.009 
Ontario 0.52 <0.001 0.51 <0.001 
PEI and NFLD 0.64 0.031 0.48 <0.001 
Québec 1.13 0.316 1.02 0.860 
Saskatchewan 0.60 <0.001 0.60 <0.001 
 
Education 

 
0.74 

 
<0.001 

 
0.79 

 
<0.001 

Education squared 1.01 <0.001 1.01 <0.001 
Median family incomeb 4.76 0.003 1.41 <0.001 
Median family income 
squared 

0.92 0.018 - - 

Low income 0.78 <0.001 0.78 <0.001 
Low income squared 1.01 <0.001 1.01 <0.001 
Unemployment 1.02 0.006 1.03 0.003 
Influenzac 0.81 0.043 1.0002 <0.001 
Influenza x education 1.03 0.007 - - 
Alpha (NBd model) NA NA 0.05 <0.001 
aReferents for these categorical variables are: Quarter = 1, Year = 2000, and Province = Alberta 
bMedian family income coefficients are presented for $10 000 increments 
cInfluenza = 1 case per 10 000 individuals 
dNB = negative binomial model 
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Table 5: Coefficients, with their p-values, for the final models describing consumption of 
norfloxacin as measured by log DDDs per capita and prescription counts in Canadian 
provinces from 2000 to 2006. 
 

Model 
 

Proportion change in 
defined daily doses per 

capita 

Prescription Counts 

Variables 10β P IRR P 
Quartera     
Quarter 2 0.94 0.011 0.94 0.026 
Quarter 3 0.96 0.097 0.98 0.514 
Quarter 4 0.93 0.004 0.92 0.003 
Yeara     
2001 0.97 0.441 0.88 <0.001 
2002 0.85 <0.001 0.77 <0.001 
2003 0.74 <0.001 0.67 <0.001 
2004 0.67 <0.001 0.59 <0.001 
2005 0.64 <0.001 0.54 <0.001 
2006 0.66 <0.001 0.55 <0.001 
Provincea     
British Columbia 0.28 <0.001 0.40 <0.001 
Manitoba 0.21 <0.001 0.28 <0.001 
New Brunswick 0.94 0.728 1.38 0.013 
Nova Scotia 0.49 <0.001 0.55 <0.001 
Ontario 2.34 <0.001 2.13 <0.001 
PEI and NFLD 0.76 0.169 1.31 0.058 
Québec 0.16 <0.001 0.25 <0.001 
Saskatchewan 0.07 <0.001 0.10 <0.001 
 
Education 

 
0.84 

 
0.011 

 
- 

 
- 

Education squared 1.01 0.009 - - 
Median family incomeb 0.07 <0.001 0.65 <0.001 
Median family income 
squared 

1.18 <0.001 - - 

Low income 0.73 <0.001 - - 
Low income squared 1.01 <0.001 - - 
Unemployment 0.97 0.001 0.98 0.002 
Alpha (NBc model) NA NA 0.05 <0.001 
aReferents for these categorical variables are: Quarter = 1, Year = 2000, and Province = Alberta 
bMedian family income coefficients are presented for $10 000 increments 
cNB = negative binomial model 

91 

 



 

Table 6: Coefficients, with their p-values, for the final models describing consumption of 
ofloxacin as measured by log DDDs per capita and prescription counts in Canadian 
provinces from 2000 to 2006. 
 

Model 
 

Proportion change in 
defined daily doses per 

capita 

Prescription Counts 

Variables 10β P IRR P 
Quartera     
Quarter 2 0.91 0.013 0.96 0.150 
Quarter 3 0.86 <0.001 0.90 <0.001 
Quarter 4 0.96 0.240 0.96 0.145 
Yeara     
2001 0.98 0.742 0.87 <0.001 
2002 0.93 0.002 0.72 <0.001 
2003 0.78 <0.001 0.67 <0.001 
2004 0.66 <0.001 0.57 <0.001 
2005 0.58 <0.001 0.50 <0.001 
2006 0.69 0.005 0.50 <0.001 
Provincea     
British Columbia 0.82 0.167 0.88 0.002 
Manitoba 0.23 <0.001 0.67 <0.001 
New Brunswick 0.35 <0.001 1.33 <0.001 
Nova Scotia 0.91 0.663 2.19 <0.001 
Ontario 2.59 <0.001 1.43 <0.001 
PEI and NFLD 0.59 0.097 2.54 <0.001 
Québec 0.92 0.627 1.93 <0.001 
Saskatchewan 0.08 <0.001 0.32 <0.001 
 
Health workers 

 
- 

 
- 

 
0.98 

 
0.017 

Health workers squared - - 1.00003 0.015 
Education 0.90 0.002 - - 
Median family incomeb 0.02 <0.001 - - 
Median family income 
squared 

1.32 <0.001 - - 

Low income 0.96 0.015 - - 
Alpha (NBc model) NA NA 0.05 <0.001 
aReferents for these categorical variables are: Quarter = 1, Year = 2000, and Province = Alberta 
bMedian family income coefficients are presented for $10 000 increments 
cNB = negative binomial model 
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Figure 1: Predicted values and their 95% confidence intervals for the effect of median 
family income, the percentage of the population considered to be low income, the number 
of health workers per 10 000 individuals, and percentage of the population with a 
bachelor’s degree (percent education), with their quadratic terms on the consumption of 
the fluoroquinolone group and individual fluoroquinolones in Canada (2000-2006) after 
accounting for all other significant variablesa. 
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aAll other variables set to median values for these graphs. For the categorical variables, quarter 
was set to 1, year to 2006, and province to Ontario. 
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Figure 2: Predicted values for levofloxacin DDDs per capita in Canada (2000-2006) as 
the rate of influenza changes and interacts with the percentage of the population with a 
bachelor’s degree (education) after controlling for all other significant variablesa. 
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aAll other variables set to median values for these graphs. For the categorical variables, 
quarter was set to 1, year to 2006, and province to Ontario. 
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CHAPTER 4: 

SUMMARY DISCUSSION AND CONCLUSIONS 

 

The objectives of this study were to determine significant associations among the 

rate of influenza and various socioeconomic measures on the use of individual macrolide 

and fluoroquinolone antimicrobials and these classes as a whole, and to evaluate the 

usefulness of dollars spent per capita, DDDs per capita, and prescription counts as 

outcome measures for modeling antimicrobial use in Canada.  These objectives were met 

through the development of multivariable models using socioeconomic, influenza, and 

antimicrobial use data from Statistics Canada, FluWatch, and IMS Health, respectively.  

Statistical significance of associations within these models was noted, and comparisons 

of predicted values and trends were made among the models produced in order to assess 

the value of the three outcome measures.  

 

Outcome Measures 

To our knowledge, this thesis is the first report in the Canadian literature to 

compare multiple outcome variables for the use of antimicrobials. Our results indicate 

that considerable differences in patterns of use may appear when assessing use by the 

following three outcomes: dollars spent per capita, DDDs per capita, and prescription 

counts. Due to the impact of provincial, federal, and third-party formularies on the costs 

of antimicrobial use, we suggest that the dollars spent per capita variable is not 

particularly useful when assessing the quantity of antimicrobial used. Furthermore, due to 

the impact of formularies on antimicrobial costs, this measure may not be as useful as the 
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defined daily doses or prescription count measures when assessing the impact of use on 

antimicrobial resistance. Moreover, prescription counts and defined daily doses should be 

used in tandem to assess antimicrobial use, as DDDs are standardized to the routine 

adult-dose; thus, this measurement may not be effective in capturing information such as 

prescribing behaviours for children. These results have implications for future studies 

detailing antimicrobial stewardship programs. Dollars spent per capita is often used as an 

outcome for antimicrobial stewardship programs, and as such, inappropriate conclusions 

of reduced use may be reached due to the pitfalls of dollars spent data. Thus, we suggest 

that defined daily doses and prescription counts be used in tandem to predict patterns of 

use and these measures be transformed into dollars spent following modeling. 

 

Patterns of human macrolide and fluoroquinolone use 

Ecological level models describing macrolide and fluoroquinolone use show that 

consumption was generally highest during the first and fourth quarters of the year 

(October through March). One exception to this finding was norfloxacin, for which use 

was not significantly higher in the winter months than the summer months. These 

seasonal patterns reflect similar findings by the European Surveillance of Antimicrobial 

Consumption (ESAC) project for macrolide and fluoroquinolone use1,2 and are not 

surprising given the seasonal pattern of both viral and bacterial respiratory infections. 

However, this suggests that mathematical models describing the effect of antimicrobial 

use on AMR that assume a constant selection pressure do not realistically model the 

entirety of variation of macrolide and fluoroquinolone use. Further assessment of these 

mathematical models is suggested for all antimicrobials that show a seasonal pattern of 
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consumption to determine the effect of a changing selection pressure on the development 

of AMR in a community. 

Yearly patterns of use varied among individual macrolide and fluoroquinolone 

agents and the group patterns, in accordance with increasing time on the market and 

spectrum of activity. Older, narrower spectrum macrolides and fluoroquinolones were 

used at a decreasing rate, while newer broad spectrum agents were used more frequently. 

Similar findings were reported by the ESAC project for macrolides and 

fluoroquinolones1,2, as well as smaller scale studies in Canada and the United States3,4. 

As first line treatment with broad spectrum antimicrobials has been indicated as a 

predictor for the development of antimicrobial resistance, it is worrisome to find that 

these agents are being used at a greater rate, as opposed to recommended first line 

agents5. 

The direction of associations among the socioeconomic measures and the use of 

macrolide and fluoroquinolone agents were not consistent across the models developed, 

however, a theme of accessibility became apparent. Cheaper antimicrobials within each 

class tended to be used most often by populations with low percentages of individuals 

with bachelor’s degrees, low median family incomes, high unemployment rates, and high 

percentages of individuals considered to be low income. Conversely, the more expensive 

antimicrobials tended to be used in populations with high percentages of individuals with 

bachelor’s degrees, high median family incomes, low unemployment rates, and low 

percentages of individuals considered to be low income. The influence of accessibility on 

the use of these classes may be an expected result; macrolides and fluoroquinolones 

represented the antimicrobial classes with the highest average per-treatment costs based 
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on the Canadian CompuScriptTM dataset. Therefore, access to these antimicrobials may be 

mediated by coverage from provincial and third party drug formularies. Although the 

health care system in Canada is universal in that all Canadians have free access to 

hospital and physician services, financial coverage of outpatient drugs is not included 

within these services. Provincial drug plans are available for individuals meeting certain 

criteria and third party private drug coverage is accessed by a proportion of those not 

covered by governmental formularies; however, according to Applied Management in 

association with Fraser Group Tristat Resources in a publication submitted to Health 

Canada, 10% of Canadians were uninsured for drug coverage in 20006. Provincial plans 

are available to individuals with low incomes, and most low income individuals are 

covered by these programs, however, those with provincial coverage generally have a 

higher deductible and co-payment than those with private plans6. Thus, low income 

individuals may have a higher out-of-pocket cost for their antimicrobials than individuals 

in higher socioeconomic classes, who are more likely to be covered by third party 

insurers. Consequently, physicians may tend to prescribe cheaper antimicrobial 

alternatives to patients in low income situations, while those in higher income situations 

may be prescribed the more expensive treatment options with more simplistic dosing 

regimens. A prescribing discrepancy has been found among Canadian senior citizens 

where low income individuals had a higher risk of receiving cheaper, generic alternatives 

for their treatment than their higher income peers who are at a higher risk of receiving 

more expensive brand name products.7 Results for macrolide and fluoroquinolone models 

described here suggest that this may be occurring for a broader age group, and for 

antimicrobials. Thus, widespread social and health policies at the provincial level may be 
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warranted rather than targeted programs for specific socioeconomic groups. Furthermore, 

educational programs for physicians may be warranted in order to reduce the prescribing 

of broad spectrum antimicrobials to more affluent populations. 

Associations among influenza and macrolide and fluoroquinolone outcome 

variables support prior research indicating inappropriate prescribing of antimicrobials for 

viral respiratory infections, or be the effect of prescribing for secondary bacterial 

infections. For the macrolide group and clarithromycin, attention was drawn to 

populations with high rates of unemployment, as these populations showed the most 

dramatic increase in use as the rate of influenza increased. Similarly, populations with 

high percentages of low income individuals had significantly higher rates of 

clarithromycin use as the rate of influenza increased, and populations with low 

percentages of individuals with bachelor’s degrees had the highest rate of increase in use 

of erythromycin as the rate of influenza increased. Within the fluoroquinolone class, the 

model for levofloxacin included a significant interaction between influenza and one of 

the socioeconomic variables; percentage of the population with a bachelor’s degree. In 

contrast to the use of erythromycin, the highest rate of levofloxacin use was seen in 

populations with high percentages of individuals with a bachelor’s degree as the rate of 

influenza increased. The diverging results between macrolide and fluoroquinolone 

models may suggest that both underprivileged and affluent populations may be 

inappropriately consuming antimicrobials. Thus, we strongly suggest that antimicrobial 

stewardship is enacted and promoted by all physicians during the influenza season, and 

that educational material or social campaigns surrounding the virus versus bacteria 

problem should be supplied and implemented in all populations across Canada.  

99 

 



 

Strengths and weaknesses of research 

 The Canadian CompuScriptTM database is a strong resource that provides a 

consistent extrapolation of all outpatient antimicrobial use in Canada.  Furthermore, the 

data was available for a seven year time frame, which lends strength to this research.  

However, these measures are extrapolations, and consequently, are not completely 

accurate.  As newer generations of the CompuScriptTM database are released and data 

from fewer pharmacies are projected, the dataset will continue to strengthen.  The 

socioeconomic data used in this study was obtained from Statistics Canada and included 

extrapolations and estimate values, which may be considered a drawback; however, 

direct measurements of these values are not available. Due to reporting bias, the influenza 

infection data from FluWatch is likely an under-representation of the total number of 

influenza infections in Canada. Finally, the multivariable models produced provide strong 

evidence for associations as compared to univariable analyses, as methods to account for 

clustering and control confounding bias were employed. 

 

Future research 

Further large scale studies incorporating individual and community level variables 

are recommended to fully understand the influence of disease, socioeconomic factors, 

and formulary policies on the macrolide and fluoroquinolone drug consumption patterns 

of individual Canadians and their communities. Furthermore, age-specific prescribing 

data may be useful in studies modeling DDDs and prescription rates, as a conflict 

between these outcome measures may be explained by an increase in prescribing to 

children or a change in doses being prescribed to adult populations. Age-specific data 
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would allow an investigator to ascertain what is occurring in a population more 

effectively, and provide insight for maintaining appropriate levels of use based on their 

findings, in order to reduce further evolution and spread of AMR.  
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