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1. Introduction

Diabetes is reaching epidemic levels worldwide [1], and
Canada is no exception. In 2008/2009, the prevalence rate of
diagnosed diabetes was 8.7% among Canadian adults, and its
overall prevalence increased by 70% over the last decade [2].
Diabetes may cause many long term complications, such as
cardiovascular disease, nephropathy, neuropathy or retinop-
athy, and is associated with shorter life expectancy and health
adjusted life expectancy [3]. Considerable resources are
dedicated to diabetes treatment and care at the national
level, and needs are expected to increase, in part due to the
projected rise in diabetes rates in Canada [1].

Studies have shown an improvement in diabetes control
and a reduction in complications after appropriate cost-
effective interventions, including clinical treatment of associ-
ated risk factors and complications, and lifestyle management
[4-14]. This type of evidence was foundational for the
development of the Canadian Diabetes Association (CDA)
Clinical Practice Guidelines (CPGs) for the prevention and
management of diabetes in Canada [15], a compilation of
evidence-based clinical recommendations that helps health
professionals provide optimal treatment and care. However,
population-based studies have reported gaps in the adherence
of health professionals to recommended care for Canadian
diabetic adults [16-21]. Information about the uptake of
diabetes clinical care best practices, and ultimately the quality
of clinical care delivered, can inform the development of better
health policies, programs and services aimed at improving the
health of Canadians living with this disease. Since about 90%
of Canadian diabetic adults have type 2 diabetes (T2D) [22], and
as clinical monitoring and management differ by type, this
study focuses on the latter only.

Using data from the 2011 Survey on Living with Chronic
Diseases in Canada - Diabetes component (SLCDC-D) and CDA
CPGs as indicators of optimal care, the purpose of this study
was to (1) describe the profile of adults with T2D in Canada and
(2) assess the uptake of clinical care best practices looking
specifically at clinical monitoring, as well as recommenda-
tions on self-monitoring and lifestyle management provided
by health professionals.

2. Materials and methods
2.1. Data source and study population

The 2011 SLCDC-D is a cross-sectional survey developed by the
Public Health Agency of Canada (PHAC) and administered by
Statistics Canada that collected diabetes management and
outcome information. Computer-assisted telephone inter-
views were conducted in 2010 and 2011. Respondents selected
the language of their choice for the interview, including
English, French, or any other preferred language. Respon-
dents’ personal information and confidentiality were pro-
tected by the Statistics Act [23], and PHAC was granted access
under the terms of data sharing agreements.

SLCDC-D respondents were adults aged 20 years and older,
living in private dwellings in the 10 Canadian provinces, and

reporting diabetes in the 2010 Canadian Community Health
Survey (CCHS). Residents of the three territories, certain
remote areas, Indian Reserves, Crown lands, and individuals
living in institutions or full-time members of the Canadian
Forces were excluded. In total, 2933 adults responded to the
survey (response rate: 81.7% of modeled in-scope units) [24].
The present study was restricted to respondents who self-
reported having T2D, excluding those stating that “Diabetes
was never diagnosed by a health professional” (n=3) or not
answering in the affirmative when asked “Other than during
pregnancy, has a health professional ever told you that you have
diabetes?” (n=7).

The 2010 CCHS, a large national cross-sectional survey
from which the SLCDC-D sample was drawn (n=>59,302,
response rate = 71.5%), collects information on health status,
health care utilization and health determinants for the
Canadian population aged 12 years and older, living in private
dwellings in the 10 Canadian provinces and three territories.
Similarly to the SLCDC-D, its target population excludes
individuals who are full-time members of the Canadian Forces
and those living on reserves and other Aboriginal settlements,
in institutions, and in the Quebec health regions of Région du
Nunavik and Région des Terres-Cries-de-la-Baie-James. In
Nunavut, only the ten largest communities are included in the
sampling frame. Overall, these exclusions represent less than
3% of the target population.

2.2. Measures

2.2.1. Descriptive variables

To describe the socio-demographic profile of the study sample,
data were drawn from the SLCDC-D (sex, age group) and the
2010 CCHS linked dataset (ethnicity, total household income,
highest level of education, geography), while only data from
the SLDCD-D were used to describe the diabetes control,
medication, and complications/comorbidities profile. Five
categories of complications were defined: eye (diabetic eye
disease, retinopathy, partial or complete blindness, cataracts
and glaucoma), renal (protein in urine or kidney failure),
neuropathy (nerve damage or neuropathy), cardiovascular
(heart disease and stroke/mini-stroke), and feet/legs (poor
circulation in feet or legs, foot or leg ulcers/infection, and
gangrene/amputation).

2.2.2.  Clinical monitoring indicators

Six clinical monitoring indicators were defined based on CDA
CPGs [15], and uptake was assessed based on the proportion of
participants meeting these indicators. Participants who
reported at least two HbA1C tests during the last year were
classified as meeting the HbA1C monitoring indicator, and
those who reported at least one foot examination by a health
professional as meeting the foot monitoring indicator. Even
though CDA CPGs recommend eye screening at diagnosis,
then every one to two years if the patient has no retinopathy
and annually or more if the patient has retinopathy,
participants who reported one eye examination less than
two years ago were classified as meeting the eye monitoring
indicator. To meet the weight and the blood pressure
monitoring indicators, participants had to report that a health
professional had measured their weight on a scale during the
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last year and that their blood pressure had been “always” or
“often” checked at diabetes-related appointments, respec-
tively. Finally, CDA CPGs recommend assessing the lipid
profile at the time of diagnosis of diabetes and then every one
to three years. Therefore, participants who reported that their
cholesterol was measured by a health professional less than
three years ago were deemed to meet the blood cholesterol
monitoring indicator.

2.2.3.  Self-monitoring and lifestyle management
recommendations

Based on CDA CPGs, two self-monitoring and three lifestyle
management recommendations were defined. Uptake was
assessed based on the proportion of participants meeting
these indicators. Respectively, participants were classified as
meeting the recommendation if they reported that a health
professional recommended or discussed the following to help
control their diabetes in the past year: monitoring blood
glucose at home; taking prescription medication; controlling
or losing weight; participating in physical activity or exercise;
and changing the type or amount of food eaten.

2.3.  Statistical analysis

Unweighted frequencies and weighted percentages are
presented to describe socio-demographic, diabetes control,
medication, complication and comorbidity characteristics.
Statistics Canada’s weighted records were applied to adjust
point estimates to reflect the Canadian population aged 20
years and older living in private dwellings. To account for
complex sampling design, bootstrap re-sampling method
was used to estimate coefficients of variation and 95%
confidence intervals (CI) [25]. Similarly, weighted percen-
tages of participants meeting each of the clinical monitoring
indicators and self-monitoring/lifestyle management
recommendations were calculated for the whole sample,
as well as by age and sex. Significant differences by age and
sex were tested using the Z test for all cells with more than 30
observations. The same analysis was conducted for the
number of clinical monitoring indicators and self-monitor-
ing/lifestyle management recommendations met. SAS En-
terprise Guide 4.1 (Cary, NC) was used to perform these
analyses.

3. Results
3.1.  Profile of Canadians with type 2 diabetes

Among SLCDC-D respondents who knew their diabetes type
(89.0%, 95% CI: 87.1-90.8), 2335 (90.1%, 95% CI: 88.1-92.0)
reported having T2D diagnosed by a health professional other
than during pregnancy. Study participants’ mean age was 62.9
years (95% CI: 62.1-63.7). The majority were male, white, with a
post-secondary diploma, a total household income over 40,000
dollars, and living in an urban area (Table 1). The mean time
since diagnosis was 10.6 years (95% CI: 10.1-11.2). Detailed
information on time since diagnosis, diabetes control and
medication among Canadian adults with T2D is presented in
Table 2.

Table 1 Socio-demographic characteristics of Canadian
adults with type 2 diabetes.

Characteristics n %? (95% CI)
Sex
Male 1158 58.0 (55.0-60.9)
Female 1177 42.1 (39.1-45.0)
Age group (years)
20-44 110 6.8 (5.0-8.60)
45-64 917 48.0 (44.6-51.4)
>65 1308 45.2 (42.0-48.5)
Ethnicity
White 2133 82.7 (79.3-86.0)
Non white 194 17.3 (14.0-20.7)
Missing n=8
Total household income (CAD)
<20,000 391 12.6 (10.4-14.7)
20,000-39,999 674 27.1 (24.0-30.2)
40,000-59,999 403 18.6 (16.2-21.1)
>60,000 631 41.7 (38.2-45.2)
Missing n = 236
Highest level of education
Less than secondary 468 13.1 (11.1-15.0)
Secondary/some post-secondary 480 19.1 (16.5-21.7)
Post-secondary 1334 67.9 (64.7-71.0)
Missing n =53
Geography
Rural 712 22.7 (19.9-25.5)
Urban 1623 77.3 (74.5-80.1)

& Percentages are weighted to reflect the Canadian population aged
20 years and older, living in private dwellings.

Fig. 1 outlines the prevalence of eye, renal, neuropathy,
cardiovascular, and feet/legs complications in this sample.
Approximately a third of the participants reported having
none of these complications (37.0%, 95% CI: 33.6-40.4), having
one complication (32.9%, 95% CI: 29.6-36.2), and having two or
three complications (two: 18.5%, 95% CI: 16.1-21.0; three:
11.2%, 95% CI: 9.1-13.3). Among those with diabetes complica-
tions, 77.3% (95% CI: 73.8-80.8) reported at least one micro-
vascular complication (eye, renal or neuropathy) and 61.9%
(95% CI: 57.8-66.0) at least one macrovascular complication
(cardiovascular or feet/legs). Erectile dysfunction was reported
by 27.8% (95% CI: 23.6-31.9) of male participants.

The prevalence of comorbidities was high with 75.6% (95%
CI: 72.5-78.7) of participants taking prescription medication to
control their blood cholesterol or reporting high blood
cholesterol, 74.0% (95% CI: 70.8-77.2) taking prescription
medication to control their blood pressure or having been
diagnosed with high blood pressure, and 43.6% (95% CI: 40.0-
47.2) being obese (BMI >30kg/m? based on self-reported
weight and height. Most participants (43.9%, 95% CI: 40.4—47.4)
reported having two of these comorbidities, 27.5% (95% CI:
24.4-30.5) having three, 22.0% (95% CI: 19.4-24.7) having one,
and only 6.6% (95% CI: 4.7-8.5) reported having none.

3.2 Clinical monitoring indicators

The percentage of participants meeting the eye, weight, blood
pressure, and blood cholesterol monitoring indicators was
high (Fig. 2a). However, less than two-thirds met the HbA1C
monitoring indicator (up to 76.8%, 95% CI: 73.8-79.8 for at least
one HbA1C test during the last year), and less than half met the
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Table 2 Time since diagnosis of diabetes, blood glucose

control and medication use among Canadian adults with
type 2 diabetes.

Characteristics and medication use  n %7 (95% CI)

Time since diagnosis of diabetes (years)

<5 779  34.2 (30.8-37.6)
6-9 416  19.3 (16.7-21.9)
>10 1121  46.5 (43.1-49.9)
Missing n =19
Blood glucose control (as per last HbA1C test)

Well controlled 836  49.1 (45.1-53.1)
Borderline 410 28.2 (24.5-31.8)
High 386 22.7 (19.2-26.2)

Missing n = 703°
Total number of prescription medications

None 77 3.7°(2.4-5.0)
1-2 302 14.4 (12.0-16.9)
3-4 688  32.0 (28.8-35.2)
5-9 974  37.6 (34.4-40.9)
>10 287  12.2 (9.9-14.6)
Missing n=7

Insulin to control diabetes
Yes 486  20.3 (17.7-22.9)
No 1848  79.7 (77.1-82.3)
Missing n=1

Number of pills to control blood glucose
None 473 17.5 (15.2-19.9)
1 1065  46.7 (43.0-50.4)
2 546  26.5 (23.4-29.6)
3 145 6.8 (5.0-8.6)
>4 61  24°(1.4-3.5)
Missing n = 45

Number of prescription medications to control hypertension
None 651 31.8 (28.4-35.2)
1 1010  43.3 (39.9-46.6)
2 431 17.2 (14.6-19.9)
3 146 6.0 (4.5-7.6)
>4 47 1.7¢ (0.7-2.7)
Missing n = 50

Prescription medication to control cholesterol
No 767  32.9 (29.5-36.2)
Yes 1534  67.2 (63.8-70.5)
Missing n = 34

Aspirin or other ASA
No 959 415 (38.1-44.9)
Yes 1374  58.5 (55.1-61.9)
Missing n=2

@ Percentages are weighted to reflect the Canadian population
aged 20 years and older, living in private dwellings.

Y 417 participants reported that their health professional never
gave them an HbA1C test and 110 did not know/refused to answer.
An additional 138 participants reported that their health profes-
sional did not tell them about their result, and 38 had either a low
A1C, did not know their results, or refused to answer.

¢ High sampling variability, estimate should be interpreted with
caution.

foot monitoring indicator (Fig. 2a). No difference was found
between sexes, but participants aged 65 years or older were
significantly less likely to report receiving HbA1C tests at
recommended frequency compared to the 20-64 years old
participants (60.9% vs. 69.2%, p = 0.011) (supplemental Table 1).
Overall, more than half of the participants met five clinical
monitoring indicators or more (Fig. 2b). There was no

significant difference by sex or age, except that participants
aged 65 years or older were significantly more likely to report
receiving only two clinical monitoring indicators out of six
compared to younger participants (7.4% vs. 3.7%, p = 0.014)
(supplemental Table 2).

3.3.  Self-monitoring and lifestyle management
recommendations

The percentages of participants meeting the two self-
monitoring management recommendations were high com-
pared to the percentages for the three lifestyle management
recommendations (Fig. 3a). Moreover, 70.4% (95% CI: 61.8-79.0)
of participants who smoked reported that a health profes-
sional had discussed with them quitting or cutting down
smoking, and 56.4% (95% CI: 52.6-60.1) of hypertensive
participants reported that a health professional had advised
them about monitoring blood pressure at home. More than
half of the participants reported having received four self-
monitoring and lifestyle management recommendations or
more (Fig. 3b). More women than men reported that their
health professional had recommended blood glucose self-
monitoring (94.4% vs. 90.0%, p = 0.021), (supplemental Table 3).
However, compared to participants aged 20-64 years, those
aged 65 years or older were significantly less likely to have
discussed taking prescription medication with a health
professional (89.0% vs. 91.3%, p = 0.019), weight management
(70.5% vs. 47.1%, p < 0.001), participating in physical activity or
exercise (74.3% vs. 53.1%, p < 0.001) and changing the type or
amount of food eaten to help control their diabetes (60.0% vs.
33.1%, p < 0.001). Similarly, fewer participants aged 65 years or
older reported having received five self-monitoring and
lifestyle management recommendations by their health
professionals compared to the younger age category (supple-
mental Table 4).

4, Discussion

These results highlight the high prevalence of self-reported
complications/comorbidities and prescription medication use
among Canadian adults with T2D. Although the majority of
participants met five clinical monitoring indicators or more
over the six selected, only about two-thirds met the HbA1C
monitoring indicator, and less than half met the foot
monitoring indicator. Lifestyle management recommenda-
tions provided by health professionals to Canadian T2D
patients were also identified as an area for improvement of
knowledge transfer to care providers and strengthened CDA
CPGs implementation strategies. Indeed, about two-thirds of
the participants reported having received weight manage-
ment and physical activity counseling, while less than half
reported the same for nutritional counseling. Nevertheless,
more than half of the participants received four out of the five
self-monitoring and lifestyle management recommendations
selected.

The high proportion of participants who reported having
received clinical weight, cholesterol, and blood pressure
monitoring at optimal levels suggests that health profes-
sionals recognize the higher risk of developing cardiovascular
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Fig. 1 - Percentage” of Canadian adults with type 2 diabetes reporting selected diabetes complications™.

* Percentages are weighted to reflect the Canadian population aged 20 years and older, living in private dwellings.

** “Eye” includes diabetic eye disease, retinopathy, partial or complete blindness, cataracts and glaucoma.

“Renal” includes protein in urine or kidney failure. “Neuropathy” includes nerve damage or neuropathy.
“Cardiovascular” includes heart disease and stroke/mini-stroke. “Feet/legs” includes poor circulation in feet or legs, foot or

leg ulcers/infection, and gangrene/amputation.

complications among T2D patients. This finding is important
given that almost one-quarter of study participants reported a
least one cardiovascular complication. Previous smaller
studies also reported that blood pressure was measured
consistently [20,21], it thus appears to have been systemati-
cally incorporated into routine clinical care. However, these
studies highlighted that cholesterol monitoring was per-
formed less than high blood pressure screening, while no
difference was found between these indicators in the present
study. Differences in data collection methods (self-reported
vs. audit), period of reference and geographic coverage may
explain this divergence in findings.

In this study, the percentage of participants with T2D
receiving at least one HbA1C test during the last year was
high and comparable to results from other Canadian studies
[16,17,26]. However, the percentage of those meeting the
updated recommendation (atleast two HbA1C tests per year)
[15] was lower, which was also observed among people with
diabetes (TD2 and type 1) in Ontario [26]. This finding
suggests alack of integration of this new recommendation by
health professionals. On the other hand, a previous study
conducted in 452 Canadian subjects with diabetes and in
seven others countries (n=1090) reported that more than
83% had received one HbA1C test in the last six months [27],
which is higher than the proportion (66.5%) reported in the
present study. Again, many factors may explain this
difference between study results, including different sample
size, question wording, period of reference and geographic
coverage. Older participants were significantly more affected
by a lower HbA1C test uptake, which was also observed in a
previous Canadian study [16]. However in Ontario, they were
more likely to receive a retinal eye examination than those
aged 40-64 years [26], but this was notobservedin the present
study. In fact, the percentage of T2D adults who reported
having had an eye examination in the past two years
remained high and stable since 2007 [16,27], but a quarter

of the population still did not receive the recommended eye
monitoring in 2010.

The present study emphasizes an even greater gap in foot
examination, which was noted in previous Canadian surveys
in 2008, 2007 and 2005, as well as in several other countries
(Australia, France, Germany, United States) [16,17,27]. Yet,
early identification and treatment of problems identified
through foot examination may reduce the number of
amputations [6].

Although self-monitoring of blood glucose recommenda-
tion is subject to controversy in patients who are not using
insulin (20.3% of study participants were using insulin)
[28,29], the percentage of study participants who reported
receiving health professionals’ recommendations for self-
monitoring of blood glucose or taking prescription medica-
tion was high. However, results on health professionals’
lifestyle management recommendations revealed lower
uptake, especially knowing the importance of these recom-
mendations for diabetes treatment, and that engagement in
self-management behavior change is more common in T2D
patients receiving lifestyle behavior advice from their health
professionals [30]. Older participants reported receiving
fewer recommendations for lifestyle management, yet they
could potentially benefit more from lifestyle counseling
since their adherence is better compared to the younger age
groups [14,31]. The discrepancies highlighted between the
provision of health care and recommended guidelines may
be explained by different internal and external barriers
experienced by health professionals, such as the lack of
knowledge and agreement with guidelines, self-efficacy,
outcome expectancy, resources, patient’s adherence and the
inertia of previous practice [32].

A major strength of this study is its large sample and its
good response rate, which limited the non-response and
selection biases. Moreover, this study presents detailed results
on clinical monitoring indicators, as well as self-monitoring
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Fig. 2 - (a) Percentage * of Canadian adults with type 2 diabetes by type of clinical monitoring indicator received**. (b)
Percentage * of Canadian adults with type 2 diabetes by number of clinical monitoring indicators received™.

* Percentages are weighted to reflect the Canadian population aged 20 years and older, living in private dwellings.

** The 6 clinical monitoring indicators selected from the Canadian Diabetes Association Clinical Practice Guidelines are:
HbA1c tested at least twice in the last year; foot examination by a health professional in the last year; monitoring of eyes
less than 2 years ago, weight measured on a scale by a health professional during the last year; blood pressure always or
often measured at diabetes related visit; blood cholesterol tested less than 3 years ago.

EHigh sampling variability, estimate should be interpreted with caution.

and lifestyle management in a T2D population in Canada.
Previous national studies had pooled type 1 and T2D together
and focused only on clinical monitoring indicators [16,17].
However, some limitations regarding the representative-
ness of the SLCDC-D sample should be considered when
interpreting results. Based on a sample drawn from the 2010
CCHS, the SLCDC-D followed an innovative approach designed
to efficiently identify a large number of Canadians living with
diabetes and to obtain in-depth information about their health
outcomes and management practices. However, conducting
the sampling in two waves (one for each volunteer survey)
may have had an impact on the selection bias. This survey-
design could partly explain the lower proportion of non-white
respondents (17.3% [14.0-20.7] vs. 24.7% [21.6-27.9]), and the
higher mean total household income (CAD 59,519 [56,232-
62,806] vs. CAD 47,575 [44,020-51,129]) compared to adults
with T2D from the 2010 CCHS. However, if the SLCDC-D

collected information on a less vulnerable sample, this would
in fact strengthen the study conclusions as the gaps identified
may be even larger in a more at-risk sample. Except for the
proportion of non-white respondents, none of the proportions
for the other characteristics reported in Table 1 was
significantly different compared to the source national survey
(all confidence intervals were overlapping).

The territories, where the majority of Aboriginal Canadians
reside, were not part of the target population, which led to an
under-representation of this population known to be at higher
risk for diabetes. However, the SLCDC-C sampling frame did
include Aboriginal Canadians living off-reserve, in the
provinces, and in private households (n =79, 3.2%" [2.1-4.2)).

! High sampling variability, estimate should be interpreted with
caution.
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* Percentages are weighted to reflect the Canadian population aged 20 years and older, living in private dwellings.

** The 5 self-monitoring and lifestyle management recommendations provided by health professionals and selected from
the Canadian Diabetes Association Clinical Practice Guidelines are: self-monitoring of blood glucose; taking prescription
medication to help control diabetes; controlling or losing weight to help control diabetes; participating in physical activity
or exercise to help control diabetes; changing the type or amount of food eaten to help control diabetes.

In addition, as any other study using self-reported data,
results should be interpreted with caution as recall and
desirability biases may have positively or negatively biased
participants’ answers [33,34], and as self-reporting of diabetes
status and type may have introduced misclassifications.
Moreover, it is possible that patients are not always aware
of the nature of blood examination performed by their health
professionals, including HbA1C and cholesterol tests, which
may have concealed or exaggerated gaps related with these
indicators. Finally, there was no question on microalbumi-
nuria testing in the SLCDC-D, so its uptake could not be
assessed.

In conclusion, although the uptake was high for most
clinical monitoring and self-monitoringindicators with more
than 70.0% of participants reporting receiving care as

recommended, HbAlc measurement and foot examination
should be performed more frequently to meet CDA recom-
mendations. This study also highlighted lower levels of
uptake of CDA CPGs regarding lifestyle management (weight
management, physical activity and diet management)
recommendations provided by health professionals to Cana-
dian patients with T2D, particularly to older adults, despite
the importance of this component to treat diabetes and to
mitigate or prevent comorbidities and diabetes complica-
tions. Future studies are needed to further explore determi-
nants of optimal health care, help target vulnerable
populations, and develop better health policies, programs,
and services. Also, strategies to implement CDA CPGs should
be strengthened; this is especially relevant since new CDA
CPGs have just been published [35].
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