
CMAJ • JULY 6, 2004; 171 (1) 39

© 2004  Canadian Medical Association or its licensors

Research
Recherche

The treatment of patients with diabetes aims to es-
tablish optimum metabolic control while control-
ling for comorbidities such as hypertension and

dyslipidemias.1 Strategies aimed at achieving tighter
glycemic control are known to reduce microvascular com-
plications in type 2 diabetes.2

Self-care activities play an important role in the achieve-
ment of optimal metabolic control. Self-monitoring of
blood glucose (hereafter referred to as self-monitoring) is
considered a cornerstone of this self-care,1,3 although the
precise role and benefits of self-monitoring are not entirely

clear.4–7 Insufficient evidence of the role of self-monitoring
in type 2 diabetes leaves us with vague recommendations in
current clinical practice guidelines.1,3 In a cross-sectional
study from a large US managed-care organization, Karter
and colleagues concluded that more frequent self-
monitoring testing was associated with better glycemic
control.8 In a small Canadian study, Nyomba and col-
leagues showed that supplying free strips increased compli-
ance with self-monitoring and enhanced diabetes self-
management, which was associated with lower hemoglobin
A1c concentrations compared with patients who did not re-
ceive free strips.9

The cost of self-monitoring is not inconsequential, to
our health care system as a whole or to individual pa-
tients.9,10 Each self-monitoring testing strip costs approxi-
mately $1, which, with more frequent testing to achieve
optimal glycemic control, could lead to substantial costs for
health care systems and individual users. Insurance cover-
age for diabetes testing supplies varies widely across
provinces and territories in Canada.10,11 In this study, our
aim was to investigate the relation between insurance cov-
erage for diabetes testing supplies and glycemic control in
patients with type 2 diabetes. We hypothesized that even in
a publicly funded health care system, lack of insurance cov-
erage specifically for self-monitoring supplies would be as-
sociated with lesser degrees of glycemic control.

Methods

Currently we are conducting a randomized controlled trial to
examine the effect of providing access to self-monitoring supplies
on the control of diabetes. This study was approved by the Health
Research Ethics Board of the University of Alberta and the Capi-
tal Health Authority in Edmonton and by the Regina Health Dis-
trict Research Ethics Board. For this trial, we recruited patients
through a network of community pharmacies in Alberta (Edmon-
ton and Calgary) and Saskatchewan (Regina) from Nov. 1, 2001
through June 30, 2003. To be included in the study, patients must
have had type 2 diabetes of at least 1-year duration, be 30 years of
age or older and not on insulin. Patients that controlled their dia-
betes by diet alone were included in the study if they met the
above criteria. We excluded pregnant patients and those with ges-
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Abstract

Background: Public insurance for testing supplies for self-
monitoring of blood glucose is highly variable across Canada.
We sought to determine if insured patients were more likely
than uninsured patients to use self-monitoring and whether
they had better glycemic control.

Methods: We used baseline survey and laboratory data from pa-
tients enrolled in a randomized controlled trial examining the
effect of paying for testing supplies on glycemic control. We
recruited patients through community pharmacies in Alberta
and Saskatchewan from Nov. 2001 to June 2003. To avoid
concerns regarding differences in provincial coverage of self-
monitoring and medications, we report the analysis of Alberta
patients only.

Results: Among our sample of 405 patients, 41% had private or
public insurance coverage for self-monitoring testing supplies.
Patients with insurance had significantly lower hemoglobin A1c

concentrations than those without insurance coverage (7.1%
v. 7.4%, p = 0.03). Patients with insurance were younger, had
a higher income, were less likely to have a high school educa-
tion and were less likely to be married or living with a partner.
In multivariate analyses that controlled for these and other po-
tential confounders, lack of insurance coverage for self-
monitoring testing supplies was still significantly associated
with higher hemoglobin A1c concentrations (adjusted differ-
ence 0.5%, p = 0.006).

Interpretation: Patients without insurance for self-monitoring test
strips had poorer glycemic control. 

CMAJ 2004;171(1):39-43

D
O

I:
10

.1
50

3/
cm

aj
.1

03
18

30



tational diabetes. Patients taking insulin were excluded from the
study because the use of self-monitoring by such patients is con-
sidered essential by the Canadian Diabetes Association.1 In this
article we report on an initial examination of the eligible patients
and the relation between self-reported insurance coverage and
glycemic control.

We asked patients to complete a survey and mail it to the re-
search office. We also provided patients with lab requisitions for
hemoglobin A1c concentrations, which were analyzed in central
laboratories in Calgary and Edmonton. The survey contained de-
mographic and self-reported clinical information regarding dura-
tion of diabetes, comorbidities and complications attributed to di-
abetes, and diabetes education experience. Patients’ insurance
status was assessed by study pharmacists at the time of the initial
assessment. We asked patients if they had any type of insurance
coverage, either private or public, that covered self-monitoring
testing strips. The levels or forms of insurance coverage for dia-
betes test strips, such as reimbursement, copayments or de-
ductibles, were not otherwise recorded.

We included in the survey the Summary of Diabetes Self-Care
Activities (SDSCA), a validated measure of self-efficacy with dia-
betes self-care behaviours.12 The 11 questions in the SDSCA as-
sess 6 dimensions of the diabetes self-care regimen: general diet,
specific diet, exercise, self-monitoring of blood glucose, foot care
and smoking. Respondents report the number of days per week
that they perform each self-care activity. Performance of recom-
mended frequency of self-monitoring was assessed using the 2
self-monitoring questions in the SDSCA (see online Appendix 1
at www.cmaj.ca/cgi/content/full/171/1/39/DC1). The average of
these 2 items represents the SDSCA self-monitoring of blood
glucose score; a difference of 1.0 on this scale represents, on aver-
age, a patient who tests more frequently by at least 1 day a week. 

Perceived barriers to self-monitoring were assessed with 1 sub-
scale of the Environmental Barriers to Adherence Scale (EBAS).13

The EBAS measures a total of 60 barriers across 4 areas of self-
care behaviour (diet, exercise, blood glucose testing and medica-

tion). The EBAS self-monitoring blood glucose testing subscale
consists of 13 questions assessing barriers to self-monitoring, in-
cluding financial access (see online Appendix 1 [URL above]).13

The EBAS does not have an explicit criterion for important dif-
ferences; as a relative scale, it can be interpreted that higher scores
indicate more barriers.

We initially compared the subgroups of respondents with
and without insurance coverage for diabetes testing supplies in
terms of sociodemographic variables and hemoglobin A1c con-
centrations, using independent sample t tests and χ2 tests of as-
sociation, as appropriate.

We subsequently examined the relation between insurance
coverage for self-monitoring supplies and glycemic control (i.e.,
hemoglobin A1c concentrations) using multiple linear regression,
to control for sociodemographic variables and the frequency of
and barriers to self-monitoring. We excluded from the multivari-
ate model the overall number of physician visits, as this was the
same between those with and those without insurance and was
highly correlated with the number of diabetes-related physician
visits. We tested the hypothesis that there is no difference in the
relation between hemoglobin A1c concentrations and those with
and those without insurance that covers self-monitoring test
strips. We considered interaction terms between having insurance
and the self-reported outcome and sociodemographic variables;
we found no significant (p < 0.10) interaction terms and therefore
report only the results of the main effects model. All hypotheses
were assessed using 2-sided tests of significance at the conven-
tional level of α = 0.05.

Results

A total of 433 patients were recruited into the study and
had hemoglobin A1c measurements available for this analy-
sis. Of these patients, 405 (93.5%) were from Alberta. To
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Table 1: Demographic variables for subjects with and without insurance that
covers self-monitoring blood glucose testing strips

Variable
With insurance

n = 166
Without insurance

n = 239 p value

Age, mean (SD), yr 59.2 (10.8) 68.2 (10.7) < 0.001
Male, % 44.3 55.7  0.172

% with income ≥ $40 000 58.2 41.8 < 0.001

% with high school education 47.4 52.6  0.001
Duration of diabetes, mean (SD), yr 7.3 (6.6) 8.3 (7.3)  0.160
% taking oral agents for diabetes mellitus 39.9 60.1  0.182
% married or living with partner 48.1 51.9 < 0.001
Years since last visit to diabetes
educational clinic, mean (SD) 3.1 (2.8) 4.2 (5.0)  0.019
Visits to the doctor in the last 6 mo,
mean (SD) 5.0 (4.3) 4.5 (3.6)  0.182
Visits to the doctor for diabetes in the last
6 mo, mean (SD) 2.8 (3.8) 2.4 (2.5)  0.186
SDSCASMBG (range: 0–7)* 4.1 (2.4) 3.3 (2.4)  0.002

EBASSMBG (range: 0–100)† 21.7 (8.1) 20.6 (8.7)  0.227

Note: SD = standard deviation, SDSCA = Summary of Diabetes Self-Care Activities, EBAS = Environmental Barriers to
Adherence Scale, SMBG = Self-Monitoring of Blood Glucose.
*Higher scores on the SDSCA12 measure mean more frequent self-monitoring of blood glucose; a difference of 1
indicates, on average, someone who tests at least 1 day per week more frequently.
†Higher scores on the EBAS13 indicate greater perceived barriers to self-monitoring of blood glucose.



avoid concerns regarding differences in provincial coverage
of self-monitoring and medications, we present the remain-
der of our results only for this group of patients. Less than
half of the respondents (41%) reported having some form
of private or public insurance coverage for self-monitoring
testing supplies. Patients with this type of insurance were
significantly younger compared with those without insur-
ance (mean age 59.2 years v. 68.2 years; p < 0.001) (Table
1). Patients with insurance had significantly higher incomes
(58.2% of patients with insurance v. 41.8% of patients
without insurance had a household income ≥ $40 000,
p < 0.001). A smaller proportion of patients with insurance
had a high school education compared with patients with-
out insurance (47.4% v. 52.6%, p = 0.001). Patients with
insurance were less likely than those without insurance to
be married or living with a partner (48.1% v. 51.9%,
p < 0.001). There were no significant differences between
patients with and without insurance for duration of dia-
betes, oral agents for diabetes mellitus, sex or the number
of times a patient had seen the doctor in the last 6 months.
Other patient characteristics and selected survey responses,
stratified by insurance status, are presented in Table 1.

Overall, subjects with insurance that covered self-
monitoring testing strips had significantly lower hemo-
globin A1c concentrations compared with those without
insurance (7.1% v. 7.4%, p = 0.03) (Table 2). When he-
moglobin A1c concentrations were stratified by levels of
glucose control according to the Canadian Diabetes Asso-
ciation’s Clinical Practice Guidelines,1 the largest differ-
ence between patients with and without insurance oc-
curred in the group with the poorest glycemic control
(hemoglobin A1c concentrations > 8.4%) (Fig. 1).

After controlling for statistically significant and clini-
cally important covariates in the multiple regression mod-
els, we found that patients with insurance for testing strips
had significantly lower hemoglobin A1c concentrations
than patients without insurance. On average, patients with
insurance for strips had hemoglobin A1c values 0.5% lower

than patients without insurance (Table 3). In these multi-
variate models, poorer glycemic control was associated
with longer duration of diabetes and greater self-reported
environmental barriers to self-monitoring (Table 3).

Insurance coverage for patients with type 2 diabetes
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Table 2: Glycemic control for subjects with and without insurance that
covers self-monitoring blood glucose testing strips

Mean HbA1c concentration, % (SD)
Adequacy of glycemic
control1 (HbA1c

concentration, %)
Subjects with

insurance
Subjects without

insurance
Difference, %

(p value)

Ideal (4.0–5.9) 5.7 (0.3)
n = 28

5.7 (0.3)
n = 31

0.00
(0.968)

Optimal (6.0–6.9) 6.4 (0.2)
n = 55

6.5 (0.2)
n = 76

0.04
(0.316)

Suboptimal (7.0–8.4) 7.6 (0.4)
n = 67

7.6 (0.4)
n = 91

0.05
(0.443)

Inadequate (> 8.4) 9.4 (1.1)
n = 16

9.8 (1.2)
n = 41

0.4
(0.252)

All levels 7.1 (1.2)
n = 166

7.4 (1.4)
n = 239

0.3
(0.030)

Note: HbA1c = hemoglobin A1c, SD = standard deviation

Fig. 1: Glycemic control1 for type 2 diabetes mellitus patients
with and without insurance that covers self-monitoring blood
glucose testing strips. The midline of each box marks the median.
The bottom and top of each box represent the 25th and 75th per-
centiles; therefore, the height of the box is the interquartile range
(IQR). Lines projecting from the top and bottom of each box indi-
cate the most extreme values that were not more than 1.5 IQRs
beyond the box. Values that lie more than 1.5 IQRs beyond the
top or bottom of the box (outliers) are shown individually. 
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Interpretation

In this cross-sectional study, we observed that patients
without insurance for self-monitoring supplies had signif-
icantly worse glycemic control. The difference of 0.5% in
hemoglobin A1c concentrations is considered clinically sig-
nificant, representing approximately half of the effect ob-
served in the UK Prospective Diabetes Study Group with
intensive glycemic control.2 The disparity between the 2
groups was primarily evident in patients with the worst
blood glucose control (hemoglobin A1c concentrations
> 8.4%). That this difference was observed in this upper,
unbounded category may not be a surprise, but it serves as
a reminder that patients in the most dire situations might
benefit the most from clinical intervention.

As might be expected, barriers to self-care activities, as
measured by the EBAS, were also associated with poorer
glycemic control. As we were most interested in the finan-
cial barriers to testing, we further explored the response to
the “cost as a barrier to self-monitoring” item in the EBAS
and found that those with insurance more frequently indi-
cated that cost was never, or rarely, a barrier to self-
monitoring compared with those without insurance.

These findings support our original hypotheses and are
consistent with the conclusions of Karter and colleagues,
who observed that self-monitoring practice patterns may be
sensitive to out-of-pocket expenditures for self-monitoring
testing strips, especially for those with lower incomes en-
rolled in a large managed-care organization.8 Likewise, Ny-
omba and colleagues showed that patients who were given
free self-monitoring test strips had lower hemoglobin A1c

concentrations and average blood glucose and insulin doses
compared with control subjects who did not receive free
test strips.9 The validity of this second study, however, is
difficult to gauge and is weakened by the small sample size
(n = 62) and the large losses during follow-up (44%).

The main limitation of our study is the cross-sectional
and correlational design, which limits the ability to draw
inferences of causality. A randomized trial of free self-
monitoring supplies (as opposed to “usual health care pol-
icy”), such as we are conducting, is required to address this
limitation. We relied only on self-report for the type of in-
surance coverage and did not have data regarding copay-
ments or deductibles. Nonetheless, our use of a dichoto-
mous variable (insurance present or absent) would tend to
minimize rather than exaggerate differences between
grades of insurance. Further, the sample from which we
obtained data may not be generalizable to all patients with
type 2 diabetes in other regions or provinces and under dif-
ferent public insurance schemes for diabetes testing sup-
plies. However, the sample was drawn from patients seen in
community pharmacies willing to enrol in a study and,
from a clinical and demographic perspective, we feel the
sample was typical for people with type 2 diabetes.

Increasingly, providers, payers, policy-makers and pur-
chasers of care recognize diabetes as one of the most preva-
lent and expensive health care problems.14 Accessibility and
costs of self-monitoring testing supplies remain serious ar-
eas of concern for provincial and territorial governments in
Canada.15 We previously estimated that the mean total cost
for diabetes testing supplies per beneficiary with dispensa-
tion claims for testing supplies in 1996 was $241 in
Saskatchewan.10 Even with public insurance, financial barri-
ers to self-monitoring may still exist; less than half of the
people we identified with diabetes had dispensations for di-
abetes test strips.10 About 74% of people taking insulin had
dispensations for diabetes testing strips; among patients
taking oral hypoglycemic agents alone, only 50% had dis-
pensations for testing strips.

If patients with insurance coverage for self-monitoring
supplies can achieve better glycemic control (i.e., lower he-
moglobin A1c concentrations), it would be beneficial to in-
vest in relatively low cost preventive items such as testing
strips. In this current analysis, patients without insurance for
self-monitoring test strips reported greater financial barriers
to self-monitoring and had poorer glycemic control. For
some patients, reduced financial barriers to self-monitoring
supplies may facilitate self-management of their disease,
with the results of monitoring providing valuable informa-
tion on efficacy of their diabetes self-care activities.
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Table 3: Multivariate regression results: insurance coverage
and glycemic control*

Dependent variable: hemoglobin A1c Coefficient (SE) p value

Constant 6.43 (0.95) < 0.001
Age, yr –0.01 (0.01) 0.279
Sex (1 = male, 0 = female) 0.15 (0.16) 0.360
Income (1 = < $40 000,
0 = ≥ $40 000) –0.24 (0.19) 0.199
High school education
(1 = yes, 0 = no) –0.17 (0.17) 0.324
Duration of diabetes mellitus, yr 0.04 (0.01) 0.002
Insurance for testing strips
(1 = yes, 0 = no) –0.47 (0.17) 0.006
Oral agents for diabetes mellitus
(1 = yes, 0 = no) 0.61 (0.37) 0.102
Married or living with partner
(1 = yes, 0 = no) –0.00 (0.17) 0.993
No. of times you have seen the doctor
for diabetes in the last 6 mo 0.03 (0.02) 0.164
EBASSMBG 0.03 (0.01) < 0.001
SDSCASMBG –0.05 (0.03) 0.149

Note: SE = standard error, SDSCA = Summary of Diabetes Self-Care Activities, EBAS =
Environmental Barriers to Adherence Scale, SMBG = Self-Monitoring of Blood Glucose.
*Sample size is reduced (n = 290) owing to listwise deletion of cases with missing data on
covariates.
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