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Chronic obstructive pulmonary disease (COPD) is a 
substantial source of morbidity and mortality in Can-
ada and globally. Estimates place the worldwide 

prevalence at 9%–10% from physiologic-based studies and 
3%–8% from studies based on physician- or patient-reported 
diagnosis or symptoms.1,2 Globally, COPD is rated as the 
fifth leading cause of death, and ninth in contributions to loss 
of disability-adjusted life years.3,4 A recent systematic review 
of COPD epidemiology worldwide identified 12 Canadian 
studies, which produced prevalence estimates that ranged 
from 3% to 12%, depending on the method used.5 Canadian 
data from a study using spirometry to screen a population-
based sample suggest a rate of about 10%.6 There are limited 
data on COPD either alone or in combination with other 
chronic diseases from primary care settings.

In other countries, the limited reports on COPD preva-
lence in primary care settings show marked variation depend-
ing on the method of identification of illness. A study from 

the United Kingdom based on electronic records in the Com-
puterized Patient Records Database found the prevalence of 
physician-diagnosed COPD to be less than 1% for women 
and only 1.35% for men.7 Another practice-based research 
network study from the UK that invited participants in a 
postal survey to come for spirometry if they had either symp-
toms or a smoking history found a much higher prevalence 
(4.1% overall, 9.6% in patients over 40 yr).8 A recent Spanish 
study using data from electronic medical records (EMRs) 
found a physician-diagnosed prevalence of 3.2%, 90% of 
whom were also found to have at least 1 comorbid condition.9
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Background: Chronic obstructive pulmonary disease (COPD) is mostly managed within primary care, but there is little Canadian evi-
dence from this setting. This study was undertaken to determine the prevalence of physician-diagnosed COPD in primary care prac-
tices, and the degree of comorbidity with other chronic conditions, and to assess patterns of medication prescribing.

Methods: The Canadian Primary Care Sentinel Surveillance Network is a national “network of networks” whose member practices 
use electronic medical records (EMRs). At the time of the study, it included data from 444 physicians from 10 networks in 8 prov-
inces. We conducted an epidemiologic cohort study of all patients who had EMR data collected by the network at the end of 2012. 
Validated case-finding algorithms were used to identify cases of COPD. We used descriptive statistics and multivariate modelling 
analyses to calculate the prevalence of COPD, its association with key demographic factors and comorbidities, and patterns of medi-
cation prescribing.

Results: The observed prevalence of COPD was 4.0% (10 043/250 346), which represents a population prevalence of 3.4% using 
age-sex standardization. Comorbidity was common, with prevalence ratios ranging from 1.1 for the presence of a single comorbid 
condition to 1.9 for 4 or more comorbid conditions. Anticholinergic agents (63%), short- (48%) and long-acting (38%) β-agonists and 
inhaled corticosteroids (41%) were the most commonly used medications.

Interpretation: The prevalence of physician-diagnosed COPD in Canadian primary care practices was similar to that reported in 
other practice-based studies at about 3%–4%. Most patients had comorbid conditions and were taking multiple medications. EMR 
data may be useful to assess both the epidemiology and management of COPD in primary care practices.
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Our current understanding of the extent of COPD in Can-
ada and its impact on health and health systems is not based 
on primary care data, but is based on data from large popula-
tion health surveys or from administrative data.10–12 However, 
COPD is primarily managed within the primary care sector. 
The Canadian Primary Care Sentinel Surveillance Network 
was established in 2008 to bring together practice-based 
research networks using diverse EMR systems to generate 
data on chronic disease in Canadian primary care settings. 
Chronic obstructive pulmonary disease is one of the 8 com-
mon chronic conditions targeted by the network. This study 
was undertaken to explore the prevalence of COPD, the 
degree of comorbidity with respect to the other conditions for 
which the Canadian Primary Care Sentinel Surveillance Net-
work has validated algorithms, and common patterns of medi-
cation prescribing by primary care physicians in Canada.

Methods

Data sources and study population
The Canadian Primary Care Sentinel Surveillance Network is 
a national network of practice-based research networks whose 
member primary care practices use various EMRs. Its overall 
architecture and approach have been described in detail else-
where.13,14 The Canadian Primary Care Sentinel Surveillance 
Network was initially developed by networking existing prac-
tice-based research networks affiliated with academic centres 
across the country. These networks then entered into a process 
of recruitment of additional practices to their networks. Ini-
tially, in most areas, this was done with a convenience sample 
of interested practices that used EMRs. More recently, focused 
recruitment has been employed to enhance the representative-
ness of the network. This study used data from the network 
extracted on Dec. 31, 2012. At that time, the network included 
data from 444 physicians in 10 networks covering 8 provinces 
of Canada using 12 different EMR systems. Case-finding algo-
rithms have been established for 8 chronic diseases, including 
COPD, and validated against chart abstraction and physician 
identification of cases.15–17 For COPD, the algorithms of the 
Canadian Primary Care Sentinel Surveillance Network have a 
sensitivity of 82% and specificity of 97%.16 Details of the case 
definitions and algorithms used are available on the network’s 
website (cpcssn.ca/research-resources/case-definitions). This 
study population has been shown elsewhere to be reasonably 
representative of the primary care population in Canada.18 
Patients under 18 years of age were excluded from this study.

The Health Sciences Research Ethics Board of Queen’s 
University approved this study.

Statistical analysis
We used a combination of descriptive statistics and multivari-
ate modelling for data analysis using SAS statistical software 
version 9.3. We first calculated the prevalence rates for 
COPD, classified by an appropriate age group and sex. We 
estimated the prevalence using the denominator described by 
Greiver and colleagues19 because it approximates the general 
population while the 24-month contact group approximates 

those attending the practice. We then calculated age- and 
sex-standardized prevalence rates according to Canadian 
national age and sex distribution (census 2011).20 We then 
looked at the prevalence ratios by 3 risk factors: rural postal 
code of the clinic (second digit of the postal code being 0),21 
body mass index categories (underweight: < 18.5, normal 
weight: 18.5–24.9, overweight: 25–29.9 and obese ≥ 30) and 
smoking (never, past, current).

Three separate regression analyses were carried out to cal-
culate prevalence ratios, each controlling for age and sex of 
the study population. In addition, we looked at the cumulative 
proportion of patients diagnosed with 1 or more of the other 
conditions targeted by the network, with respect to the 
absence and presence of the index condition in question. Also, 
we calculated the average number of comorbid conditions by 
age group. Finally, we investigated the medication data by 
analyzing the pattern of medication use by those who were 
diagnosed with COPD. In this report, medication use for a 
particular medication means that there is at least 1 prescrip-
tion for that medication somewhere in the patient’s electronic 
medical record.

For dichotomous outcomes, we used a generalized linear 
model with a log link function and a binomial distribution. For 
count data, we used a log link function and the Poisson distri-
bution, each fit using the SAS GENMOD procedure. This 
procedure uses a generalized estimating equation approach for 
estimation of regression parameters. Along with prevalence 
ratios, the corresponding 95% confidence intervals (CIs) are 
reported, using the same approach.

Results

The characteristics of the study population are presented in 
Table 1.

Table 2 and Figure 1 present the age and sex distribution 
of our sample population and the prevalence of COPD. The 
overall observed prevalence is 4.0%, which represents a preva-
lence of 3.4% using standard age and sex standardization or 
3.2% using the general population denominator of the Cana-
dian Primary Care Sentinel Surveillance Network. Diagnosis 
of COPD was associated with rural residence (prevalence 
ratio 1.22, 95% CI 1.17–1.28), current (prevalence ratio 7.09, 
95% CI 7.3–8.5) and past (prevalence ratio 3.25, 95% CI 
3.01–3.51) smoking, and weight category other than normal 
(underweight: prevalence ratio 1.35, 95% CI 1.1.21–1.50; 
overweight: prevalence ratio 0.90, 95% CI 0.85–0.96; obese: 
prevalence ratio 1.17, 95% CI 1.10–1.23) (data not shown).

Information on comorbidity with other conditions targeted 
by the Canadian Primary Care Sentinel Surveillance Network 
is presented in Tables 3 and 4, and Figure 2. Table 3 presents 
the prevalence ratios for the presence of the other chronic dis-
eases identified by the network for patients with a diagnosis of 
COPD in comparison to those without COPD. Patients with 
COPD are more likely to receive a diagnosis of every other 
comorbidity except Parkinsonism. Table 4 reports the preva-
lence of comorbidities and the prevalence ratios for multimor-
bidity in patients with COPD as compared with other patients 
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in the network with at least 1 chronic disease. Of all patients 
with COPD, 76.7% had 1 or more other chronic condition, 
and 3.2% had 4 or more other conditions. Prevalence ratios 
for comorbidity were all greater than 1, ranging from 1.12 for 
presence of 1 or more comorbid conditions to 1.9 for 4 or 
more conditions. Figure 2 shows the mean number of comor-
bid conditions and the prevalence ratios by age and sex for 
patients with COPD compared with other patients with 
chronic disease. Comorbidity is higher for COPD for all age 
groups with the prevalence ratio highest in the younger age 
groups and diminishing with increasing age.

Tables 5 and 6 present information on prescribed medica-
tions for treatment of COPD. Table 5 provides the preva-
lence of prescriptions for various therapeutic agents by class 
and drug. Table 6 presents data on the numbers of drug 
classes used, and Table 7 provides additional detail on the 
class combinations. Anticholinergics were the most commonly 
prescribed medications, followed by short-acting β-agonists, 
inhaled corticosteroids and long-acting β-agonists. Most 
patients were prescribed multiple medications.

Interpretation

In this study the estimated prevalence of COPD overall for 
adults in primary care practices was 3.4% using age-sex stan-
dardization. This is similar to the rate of 3.2% reported by 
García-Olmos and colleagues in a recent EMR-based study on 
primary care practices in Spain.9 It is lower than rates of 
9%–10% expected based on population-based studies using 
physiologic measures.2,6,22 This difference is consistent with past 
studies that found COPD to be underdiagnosed or misdiag-
nosed quite frequently. Frank and colleagues23 found that less 
than half of patients with Global Obstructive Lung Disease cat-
egories 2–4 by spirometry had a diagnosis of COPD recorded 

in their primary care medical records. Prevalence rates based on 
administrative data may be biased in the opposite direction. 
Lacasse and colleagues24 conducted a large validation of COPD 

Table 1: Characteristics of the study population*

Characteristic

No. (%) of patients†

COPD 
n = 10 043†

No COPD 
n = 240 303†

Age, mean ± SD 69.9 (12.9) 49.2 (18.5)

Sex

Male 4 649 (46.3) 99 533 (41.4)

Female 5 394 (53.7) 140 770 (58.6)

Residence n = 9 794 n = 232 685

Urban 6 990 (71.4) 181 086 (77.8)

Rural 2 804 (28.6) 51 599 (22.2)

No. of comorbid 
conditions‡

   0 2 338 (23.3) 137 110 (57.1)

   1 3 549 (35.3) 68 297 (28.4)

   2 2 720 (27.1) 26 299 (10.9)

   3 1 117 (11.1) 7 147 (3.0)

≥ 4 319 (3.2) 1 450 (0.6)

Note: COPD = chronic obstructive pulmonary disease, SD = standard 
deviation. 
*Age ≥ 18 yr. 
†Unless stated otherwise. 
‡Limited to other conditions for which the Canadian Primary Care Sentinel 
Surveillance Network has validated algorithms: hypertension, osteoarthritis, 
diabetes mellitus, depression, epilepsy, Parkinson disease and dementia.

Table 2: Prevalence of chronic obstructive pulmonary disease, by patient age and sex*

Age group, yr

Men Women Total

N With COPD, no. (%) N With COPD, no. (%) N With COPD, no. (%)

   18–29 17 110 0 (0.0) 25 626 0 (0.0) 42 736 0 (0.0)

   30–39 14 516 46 (0.3) 23 839 72 (0.3) 38 355 118 (0.3)

   40–49 17 508 240 (1.4) 24 836 333 (1.3) 42 344 573 (1.4)

   50–59 20 562 651 (3.2) 26 812 890 (3.3) 47 374 1 541 (3.3)

   60–69 17 208 1 213 (7.0) 20 798 1 291 (6.2) 38 006 2 504 (6.6)

   70–79 10 446 1 264 (12.1) 13 316 1 410 (10.6) 23 762 2 674 (11.3)

≥ 80 6 832 1 235 (18.1) 10 937 1 398 (12.8) 17 769 2 633 (14.8)

All age 
groups

104 182 4 649 (4.5) 146 164 5 394 (3.7) 250 346 10 043 (4.0)

≥ 40 72 556 4 603 (6.3) 96 699 5 322 (5.5) 169 255 9 925 (5.9)

≥ 50 55 048 4 363 (7.9) 71 863 4 989 (6.9) 126 911 9 352 (7.4)

Note: COPD = chronic obstructive pulmonary disease. 
*Age-standardized prevalence for patients aged ≥ 18 yr = 3.4%; patients aged ≥ 40 yr = 5.3%, and patients aged ≥ 50 yr = 6.9%.
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as recorded in administrative data from Quebec and found a 
diagnosis of COPD as the principal diagnosis for hospital dis-
charges to have a positive predictive value of only 50.4% in 
identifying “true cases” as assessed by specialist physician 
review of hospital records. Gershon and colleagues25 also vali-
dated their administrative data definition of COPD against a 
chart review and found a sensitivity of 85% and specificity of 
78.4% for the most inclusive definition, which they subse-
quently adopted, because more restricted definitions had poor 
sensitivity. In comparison, the Canadian Primary Care Sentinel 
Surveillance Network case-finding algorithm for COPD has a 
sensitivity of 82% while retaining a high specificity of 97%.16 
This may explain in part the significant differences between the 
rates observed in our data and the prevalence of almost 12% in 
adults over age 35 reported most recently by Gershon and col-
leagues.10,26 The true prevalence is likely found between these 
levels. A recent study by Muggah and colleagues27 also showed 
poor agreement between data from a large population health 
survey and the administrative data definition used in Ontario (κ 
= 0.29, prevalence 11.1% health administrative data, 5.6% self-
reported). These large gaps highlight the issues raised by Man-
uel and colleagues28 and Green and colleagues29 on the impor-
tance of looking closely at the biases inherent in data sources 
when interpreting the results of even well-designed studies and 
surveillance systems that exploit our ability to access data that is 
generated during the provision of health care services. In our 
findings, the prevalence is similar for men and women in 
younger age categories, but significantly higher among men for 
all age groups over 60 years. This may be related to historical 
differences in smoking rates, in addition to other factors.

Levels of comorbidity were very high, with 76.7% of 
patients with COPD having at least 1 additional condition 

identified by the Canadian Primary Care Sentinel Surveil-
lance Network. Real rates of comorbidity are likely even 
higher, because the network currently flags only a limited 
number of conditions. Comorbidity in patients with COPD 
was significantly higher than that experienced by other 
patients with chronic disease, particularly in younger patients. 
This is consistent with the limited number of prior studies on 
this issue that also found that most patients with COPD had 
other comorbid chronic conditions.2,30 For example, in the 
Spanish study that also used EMR data as a source and which 
included a much more comprehensive list of conditions, 90% 
of COPD patients had at least 1 comorbid condition.9 The 
higher prevalence ratio for comorbidities in the younger age 
groups would be consistent with the notion of distinct COPD 
“phenotypes,” in which younger patients with more severe 
disease are one distinct type.31 This is particularly important 
for our conceptualization of COPD as an illness. It seldom 
occurs alone and should prompt a thorough assessment for 
the presence of other chronic conditions.

The current Canadian guidelines for management of 
COPD recommend anticholinergic medications or long-act-
ing β-agonists, either alone or in combination, for patients 
with persistent symptoms. The addition of inhaled cortico-
steroid–long-acting β-agonist combination therapy to long-
acting anticholinergic therapy (i.e., triple therapy) should 
ideally be reserved for patients with moderate to severe air-
way obstruction who are prone to exacerbations. In selected 
patients who have persistent breathlessness despite optimal 
inhaled bronchodilators, a trial of oral theophyllines might 
be considered. Oral anti-inflammatory agents (e.g., roflumi-
last) may be appropriate in selected patients with a chronic 
bronchitis phenotype who are prone to exacerbations and 

Table 3: Age- and sex-adjusted 
prevalence ratios for the presence of 
comorbidities with a diagnosis of 
chronic obstructive pulmonary 
disease: a log-binomial approach

Comorbidity*
Adjusted prevalence 

ratio (95% CI)

Hypertension 1.09 (1.07–1.11)

Diabetes 1.30 (1.25–1.34)

Depression 1.68 (1.62–1.74)

Osteoarthritis 1.19 (1.15–1.23)

Dementia 1.11 (1.03–1.19)

Epilepsy 1.68 (1.43–1.98)

Parkinsonism 0.90 (0.73–1.11)

Note: CI = confidence interval. 
*We modelled the probability of each of the 
comorbid conditions, for which the predictor is 
COPD (yes/no), along with age and sex. 
Interpretation: People with COPD are 1.09 times as 
likely to be hypertensive as people without COPD, 
and so on.

Table 4: Age- and sex-adjusted prevalence of comorbidities in patients with and 
without chronic obstructive pulmonary disease and prevalence ratios for 
multimorbidity in patients with chronic obstructive pulmonary disease

Variable

No. (%) of patients

Adjusted prevalence 
ratio (95% CI)*

COPD
n = 10 043

No COPD 
n = 103 193

COPD alone 2338 (23.3) – –

No. of comorbid conditions

≥ 1 7 705 (76.7) 68 297 (66.2) 1.12 (1.10–1.13)

≥ 2 4 156 (41.4) 34 896 (33.8) 1.31 (1.27–1.34)

≥ 3 1 436 (14.3)   8 597   (8.3) 1.61 (1.53–1.70)

≥ 4    319   (3.2)   1 450   (1.4) 1.90 (1.67–2.15)

Note: COPD = chronic obstructive pulmonary disease. 
*Poisson model: parameter estimates (n = 250 346). Models included the predictor COPD (yes/no), along with age 
and sex. Interpretation: Patients with COPD are 1.12 times as likely to have 1 or more other chronic conditions as 
those without COPD, and so on.
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Figure 1: Prevalence of chronic obstructive pulmonary disease (COPD) in patients aged 40 years and older. Data source: 
Canadian Primary Care Sentinel Surveillance Network 2012.
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who have more advanced disease.32 Short-acting β-agonists 
are recommended as an adjunctive symptom-relieving medi-
cation in all patients taking anticholinergic agents who still 
have symptoms. In keeping with guidelines, we found that 
anticholinergic agents were the most commonly prescribed 
medications and were also most likely to be used alone. A 
relatively small proportion of patients were prescribed only 
inhaled corticosteroids (10%) or short-acting β-agonists 
(7%), which would not be concordant with current COPD 
guidelines. This pattern of medication use would be consis-
tent with asthma guidelines and raises the possibility that 
some patients with asthma were misclassified here as having 
COPD. Most patients were taking 2 or more classes of med-
ications. This would be consistent with having physician-
diagnosed COPD, which one would expect to be identified 
due to the presence of symptoms.

Limitations
One important limitation in our approach to using EMR data 
is that some information may not be accessible to the auto-
mated extraction processes used by the network (e.g., image 
files, scanned reports such as pulmonary function tests or 

radiology reports, and free-text fields). In addition, the Cana-
dian Primary Care Sentinel Surveillance Network is a volun-
tary network of primary care providers in Canadian primary 
care practices and thus may not be fully representative of the 
full range of patients and providers. However, the overall 
age–sex distribution of the network’s patients is comparable 
to national averages and adjustment measures have been used 
to account for this when estimating prevalence.18 With 
respect to the reporting of comorbidities, the network cur-
rently has validated algorithms for only 8 conditions, so 
reporting is limited to these at the present time. For example, 
cardiovascular disease is a well-known comorbidity, but there 
is currently no validated algorithm for this. There is, how-
ever, a plan to develop one in the future. There is also no 
currently validated algorithm for asthma, which may result in 
misclassification of some patients with asthma as having 
COPD. This may account for the identification of medica-
tion-use patterns in some patients that is more consistent 
with asthma than with COPD. We relied on physician diag-
nosis for COPD, which may or may not include spirometry 
for confirmation. This could lead to misclassification of 
patients who have other pulmonary conditions. Finally, for 

the medication-use data, the use of a sin-
gle prescription for a medication as the 
criterion will most likely result in over-
counting of medications, because medi-
cations that are not renewed, currently 
active or not filled by the patient will be 
counted. This will be counterbalanced 
to some degree by prescriptions from 
external providers such as specialist phy-
sicians and hospitals that may not be 
recorded in the primary care EMR.

Conclusion
We found the prevalence of physician-
diagnosed COPD in Canadian primary 
care practices identified by the algorithms 
of the Canadian Primary Care Sentinel 
Surveillance Network to be similar to 

Table 5: Use of medications by patients with chronic obstructive pulmonary 
disease, n = 10 043

Medication class

No. (%) of 
patients taking 

medication class Medication

No. (%)* of 
patients taking  

individual 
medication

Anticholinergics 6323 (63.0) Ipratropium 3373 (53.3)

Tiotropium 3722 (58.9)

Inhaled corticosteroids 4080 (40.6) Beclomethasone 81 (2.0)

Budesonide 926 (22.7)

Ciclesonide 440 (10.8)

Fluticasone 2264 (55.5)

Mometasone 1442 (35.3)

Short-acting β-agonists 4829 (48.1) Salbutamol 4654 (96.4)

Terbutaline 278 (5.8)

Long-acting β-agonists 3838 (38.2) Fenoterol 8 (0.2)

Formoterol 1580 (41.2)

Salmeterol 2685 (70.0)

Theophyllines 175 (1.7) Aminophylline 7 (4.0)

Choline 3 (1.7)

Theophylline 168 (96.0)

Other COPD medications 487 (4.9) Cromoglicic acid 62 (12.7)

Montelukast 391 (80.3)

Omalizumab 1 (0.2)

Roflumilast 37 (7.6)

Zafirlukast 12 (2.5)

Note: COPD = chronic obstructive pulmonary disease. 
*Percentage of patients with a prescription in the drug class who received a specific drug. Totals can therefore 
exceed 100% if patients received a prescription for more than 1 drug in that class.

Table 6: Use of multiple classes of 
medication

No. of other 
classes

No. (%) of patients 
n = 10 043

   0 1687* (16.8)

   1  2090  (20.8)

   2  2643  (26.3)

   3  2329  (23.2) 

≥ 4  1294  (12.9)

Note: COPD = chronic obstructive pulmonary 
disease. 
*Of 1687 patients with COPD, 1372 (81.3%) 
were taking non-COPD medications and 315 
(18.7%) were not taking any medications.
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prevalence reported in other practice-based studies at about 
3%–4%. When compared with rates of about 10% suggested 
by population-based samples tested by spirometry, this sug-
gests that underdiagnosis remains an important issue. Tar-
geted spirometry screening for people who smoke who are at 
risk of COPD is one strategy that could be considered to 
improve this. Compared with other data sources such as 
administrative databases or population-based surveys, EMR 
data has the potential to provide more specific estimates with-
out compromising sensitivity and to provide more complete 
information on treatment practices. Comorbidity is extremely 
common, with most patients having at least one additional 
condition. Patterns of medication prescribing were roughly 
aligned with current guidelines, but a more detailed analysis 
of medication combinations would be required to adequately 
assess this fully.
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Table 7: Use of multiple classes of medication, additional details

No. of 
other 
classes

% of patients

Anticholinergics
n = 6323

ICS
n = 4080

LABA
n = 3838

SABA
n = 4829

Theophyllines
n = 172

Other*
n = 487

   0 16.4 10.1 7.3 7.2 2.3 2.7

≥ 1 83.6 89.9 92.7 92.8 97.7 97.3

≥ 2 53.2 60.6 70.3 66.9 93.6 87.7

≥ 3 19.9 28.5 32.2 25.7 83.1 66.1

Note: ICS = inhaled corticosteroids, LABA = long-acting β-agonists, SABA = short-acting β-agonists. 
*Other COPD medications.
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