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Abstract

 

Aims

 

To investigate whether availability of glucometer reagents increases the
frequency of self-blood glucose monitoring (SBGM) and improves glycaemic
control in diabetic patients.

 

Methods

 

Sixty-two insulin-treated diabetic patients were randomized to two
groups, matched for age, gender, education, income, type and duration of dia-
betes, years of insulin treatment, number of daily insulin injections, and haemo-
globin (Hb)A

 

1c

 

. All patients were given a glucometer, but one group (no cost,
NC) was provided glucometer test strips free of charge. The other group (con-
trol, C) had to purchase strips as they found it necessary. Both groups of patients
were followed longitudinally at 2-monthly intervals for 12 months with meas-
urement of blood glucose and HbA

 

1c

 

, and the frequency of SBGM was deter-
mined by downloading the glucometer memory.

 

Results

 

The SBGM frequency was significantly higher in the NC group vs. the
C group during the first 4 months (2.0 

 

±

 

 0.2 tests/day vs. 1.4 

 

±

 

 0.1 tests/day,

 

P

 

 < 0.025). Mean HbA

 

1c

 

 remained stable over the 12 months in the NC group,
whereas an increase with time was observed in the C group. The difference in
HbA

 

1c

 

 between the two groups was significant (

 

P

 

 < 0.002) after 6 months. Ran-
dom blood glucose measured at each visit and average glucose recorded by the
glucometer were also lower in the NC group vs. the C group (

 

P

 

 < 0.005). There
was a negative correlation between HbA

 

1c

 

 and SBGM frequency, and HbA

 

1c

 

 in
patients testing at least twice a day was lower than in those testing less than
twice a day (8.8 

 

±

 

 0.2% vs. 9.6 

 

±

 

 0.2%, 

 

P

 

 < 0.001).

 

Conclusions

 

In this prospective study, having easy access to glucometer strips
provided free of charge to patients increased SBGM frequency. The relationship
between HbA

 

1c

 

 and SBGM frequency supports the view that SBGM is an essen-
tial tool in diabetes management.
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Introduction

 

Maintenance of near-normal glycaemia through intensive
diabetes treatment can delay or prevent microvascular compli-
cations [1,2]. Recently, diabetes associations throughout the
world have set blood glucose and haemoglobin (Hb) A

 

1c

 

 tar-
gets to assist care providers and patients with goal setting for
diabetes management and control [3,4]. The achievement of
these goals requires patient participation in the management of
their diabetes, and patients need thorough diabetes education
to acquire disease management skills, problem-solving inter-
ventions, and goal setting for life-style changes. HbA

 

1c

 

 is con-
sidered to be the most relevant physiologic outcome target
because it integrates overall glucose control and is a proven
risk predictor for diabetic microvascular complications [1,2].
For day-to-day management decisions, however, HbA

 

1c

 

 can-
not be used and there is a need for a dynamic parameter that
follows fluctuations in blood glucose. SBGM is considered to
be one of the most important skills in diabetes self-management
and is the only method currently available that allows adjust-
ments in insulin dosage and timing to match meal plans and
variation in daily exercise routines. In addition to enabling
patients to make decisions in adjusting insulin or oral hypogly-
caemic medications to fluctuations in diet and physical
activity, it may alert them to impending hyperglycaemic or
hypoglycaemic emergencies [5].

There is no consensus on the effectiveness of SBGM in
patients with Type 2 diabetes, but limited data in patients with
Type 1 diabetes supports the concept that it is useful [6,7].
Patients on insulin, including those with Type 2 diabetes, are
commonly instructed in the technique of SBGM and taught to
adjust their insulin dosage after glucose self-monitoring [8].
Patient’s motivation towards SBGM depends on several ill-
defined factors. The objectives of the current study were to
define patient-related barriers to SBGM and to determine
whether SBGM frequency is associated with glycaemic con-
trol. In particular, we wished to determine whether the cost of
SBGM was an important limiting factor in the patient’s use of
this tool for achieving glycaemic control and whether free
access to glucose monitoring reagents would increase SBGM
frequency.

 

Patients and methods

 

Patients and study design

 

This study was undertaken from July 1998 to June 2000. It was
a single-blinded control-matched longitudinal study in which
patients with Type 1 and Type 2 diabetes mellitus were asked
to participate in a study of a new glucometer. The patients were
required to have been receiving at least two insulin injections
per day for at least 1 year, have a HbA

 

1c

 

 

 

≥

 

 120% of upper limit
of normal, be willing to discontinue the use of their current
glucometer for the duration of the study and have the ability to
understand the use of the new glucometer and perform SBGM.
Patients were excluded if they had poor vision or technical

skills, a concurrent illness likely to hinder participation in the
study, or a special reason (e.g. pregnancy, habitual strenuous
exercise) that would prompt an increase in the frequency of SB-
GM. Insulin-treated patients were chosen because they were
expected to be more compliant with self-care, as insulin use has
been shown to increase the frequency of SBGM [9,10]. The
patients were required to have had recent basic diabetes education
at the Diabetes Education Centre (DEC), affiliated with the
Health Sciences Centre, Winnipeg, Manitoba, prior to entering
the study. Methods for achieving glucose goals were discussed
with them at the DEC in reference to the guidelines of the North
American Diabetes Associations [3,4]. The patients were told
that SBGM is an important means to achieving good glycaemic
control and that ideally SBGM should take place daily at a fre-
quency of three to four times a day.

Sixty-two patients were eligible for the study. They gave an
informed written consent to participate in the study, and the
protocol was approved by the Research Ethics Board of the
University of Manitoba. The patients were initially interviewed
and asked to complete an entry questionnaire addressing their
habitual frequency of SBGM, the perceived advantages and dis-
advantages of SBGM and barriers to SBGM. They were also
asked to report their place of employment (if any), their monthly
income, and any private health insurance plans (to verify cov-
erage for glucometer reagents). Patients were then instructed by
our research nurse in the use of the glucometer DEX (Bayer,
Etobicoke, Ont., Canada), but the research nurse did not volun-
tarily give them any information on how frequently they should
self-monitor their blood glucose. Rather, the patients were told
by the nurse to perform SBGM as previously advised at the
DEC. Thus, attempts were made to minimize an increase in
SBGM frequency that could be due to study enrolment itself.

The patients were stratified in three categories of income
(i) < $15 000, (ii) $15–40 000, and (iii) > $40 000 and they were
randomly assigned in a patient-blinded fashion to two groups
of 31 patients each. A glucometer DEX and a one-time single
package of reagent strips (50 strips) were supplied to one group
of patients (control, C group). The patients in this group were
instructed to purchase additional reagent strips as needed. The
second group of 31 patients were given a glucometer together
with a supply of reagent strips, 100 strips per month (no-cost,
NC group). Each patient was asked to participate in the study
over a period of 12 months with second monthly visits to the re-
search nurse. The frequency of visits to their physician was not
altered. Rather, the patients were instructed to see their primary
care physician and/or endocrinologist at the same frequency
as before enrolment into the study. Initially, and at each
subsequent visit, random blood glucose and HbA

 

1c

 

 were meas-
ured, and the research nurse checked the patient’s familiarity
with the glucose-testing procedure and downloaded the gluco-
meter memory using a computer software (WinGlucofacts,
Bayer Inc.). The research nurse did not provide any feedback to
the patient concerning glucometer readings, random blood glu-
cose readings or HbA

 

1c

 

 determinations. The nurse logged the
results by patient number and no analysis of the data occurred
until all the patients had completed the study. As knowledge
of glycaemic level has been shown to alter patient behaviour
and diabetes control [11], we felt that it was important
that the patients should be blind to this information during
the study, although they may have been aware of the HbA

 

1c
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determinations performed by the primary care provider and
would be able to review their own blood sugar determina-
tions from the glucometer memory. At the exit from the study,
the patients were asked to complete a questionnaire addressing
their frequency of SBGM, the perceived advantages and disad-
vantages of SBGM and the reasons limiting self-monitoring.

The endpoints that were measured at each visit included the
frequency of SBGM (mean number of tests per day) determined
by downloading the glucometer memory, the average daily
blood glucose over the past 2 months, and the HbA

 

1c

 

. Glucose
was measured with a YSI2300 glucose analyser (YSI Inc.,
Yellow Springs, OH, USA) and HbA

 

1c

 

 was measured using the
DCA 2000 Analyser (Ames, Elkhart, IN, USA).

 

Sample size estimate

 

SBGM frequency and HbA

 

1c

 

 were used as parameters of
interest in the computation of the required sample size (

 

n

 

). We
employed the ‘effect size’ (ES) approach according to the
equations: (i) ES = 

 

δ

 

/

 

σ

 

, where 

 

δ

 

 is the difference between group
means, and 

 

σ

 

 is the standard deviation; (ii) 

 

n

 

 = 1 + 15.7/ES

 

2

 

. A
group difference of 1 (with a 

 

σ

 

 of 1.3) in the daily SBGM
frequency corresponds to a monthly difference of 30 tests or 10
test-days, for a SBGM frequency of three times a day. An HbA

 

1c

 

δ

 

 of 1.5% (with a 

 

σ

 

 of 2.0) is in the order of magnitude of the
effect of diabetes education on glycaemic control [12]. To de-
tect these 

 

δ

 

s with an 

 

α

 

-error < 0.05 and a power of 0.8 (2-tailed
test), the calculated sample size is 27.5 and 27.9 per group, re-
spectively, i.e. close to 

 

n

 

 = 30 per group. We initially enrolled
80 patients into the study, anticipating 10–15% dropout or
withdrawal. However, only 62 patients started the study and
there was a bigger dropout rate than we anticipated (see
Results).

 

Statistical analysis

 

The SPSS for Windows software (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis. Baseline characteristics
were compared between groups using Fisher’s exact test for dis-
crete variables and 

 

t

 

-test for continuous variables. The two
groups were compared using the univariate General Linear
Model program with baseline values and time as co-variates.
This model included a group effect, a time effect, and group–
time interaction. Efficacy data from the intention-to-treat
population, using the last observation carried forward, were
analysed by General Linear Model with baseline values as
co-variate. In subjects that completed the entire duration of the
study, a repeated measure analysis of variance was also used.
Spearman’s rank or Pearson’s correlation coefficients were
computed, as applicable. Answers to questionnaires were ana-
lysed using the multiple response statistic. Results are expressed
as the mean 

 

±

 

 

 

SEM

 

, unless stated otherwise.

 

Results

 

Subjects

 

As shown in Table 1, the two groups were well matched for
age, gender, type of diabetes, duration of diabetes, number of

years on insulin treatment, education, habitual frequency of
SBGM, random blood glucose, HbA

 

1c

 

, and number of daily
insulin injections. Insulin dose was slightly higher in the C
group (

 

P

 

 = NS). One patient in the NC group and two patients
in the C group declined to discuss their income. Yearly income
and private health insurance were comparable between groups.

The baseline characteristics remained similar between the
NC and C groups throughout the study period. At 6 months
into the study, with 26 patients remaining in the NC group and
21 in the C group, the daily number of insulin injections
(2.9 

 

±

 

 0.2 vs. 2.6 

 

± 

 

0.2), the distribution of Type 1 : Type 2
diabetes (14 : 12 vs. 10 : 11), and the percentage of individuals
with partial private insurance (46 vs. 48%) were similar
between the two groups. At the end of the study, there were
25 patients remaining in the NC group and 16 patients in the
C group, i.e. a dropout rate of 19% in the NC group and 48%
in the C group. Because of this dropout rate, the power of the
study using self-tests/day and HbA

 

1c

 

 as variables of interest fell
to 0.64, but the power was 0.99 when insulin dose was used
(see below). The daily number of insulin injections (2.7 

 

±

 

 0.2
vs. 2.5 

 

±

 

 0.2), the distribution of patients with Type 1 : Type 2
diabetes (13 : 12 vs. 6 : 10), and the percentage of individuals
with partial private insurance (52 vs. 38%) were not statisti-
cally different between the two groups.

Initially, patients indicated that they were not self-monitoring
more often because (i) testing was not convenient (47%),
(ii) the test strips were too expensive (31%), (iii) they could feel
their own blood sugar without testing (21%), (iv) testing was
too painful (14%), (v) testing did not help (10%). At the exit,
patients that completed the study ranked somewhat differently
the reasons for not self-monitoring, indicating that they were
not testing more often because (i) testing was not convenient,
(29%), (ii) they could feel their own blood sugar without
testing (20%), (iii) testing was too painful (17%), (iv) the test
strips were too expensive (10%), (v) testing did not help (7%).
The stated reasons for not self-monitoring were not statisti-
cally different between the two groups.

Table 1 Characteristics of subjects on enrolment into the study
 

Group No cost Control

Age (year) 49.1 ± 3.1 50.8 ± 3.3
Men : women 18 : 13 17 : 14
Years of education 12.9 ± 0.5 12.5 ± 0.5
Income rank 1.7 ± 0.1 1.7 ± 0.1
Health insurance, yes : no 13 : 18 13 : 18
Diabetes type 1 : 2 17 : 14 18 : 13
Years since diagnosis 19.8 ± 2.2 17.0 ± 1.9
Years on insulin 16.3 ± 2.2 13.5 ± 2.0
Weekly SBGM frequency 8.4 ± 1.1 8.5 ± 1.1
Daily insulin dose (IU) 52.5 ± 3.0 58.5 ± 6.9
Daily insulin injections 2.6 ± 0.1 2.4 ± 0.1
HbA1c (%) 9.1 ± 0.3 9.2 ± 0.2
Random glucose (mmol/l) 11.7 ± 0.8 12.6 ± 0.9

Plus-minus values are means ± SE. Health insurance refers to additional 
health insurance not sponsored by federal or provincial governments.
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The stated SBGM frequency at entry was similar between the
two groups. The SBGM frequency recorded by the glucometer
increased progressively with time in the study and was higher
in the NC group vs. the C group (Fig. 1). The SBGM frequency
during the first 4 months was 2.0 

 

±

 

 0.2 tests/day in the NC
group and 1.4 

 

±

 

 0.1 tests/day in the C group (

 

P

 

 < 0.025). Insu-
lin dose did not change significantly in the NC group, but it
increased by 1.5-fold in the C group during the course of the
study (Fig. 2). HbA

 

1c

 

 decreased in both groups during the first
2 months, then it remained stable in the NC group, while
increasing in the C group (Fig. 2). Overall, HbA

 

1c

 

 was signifi-
cantly lower in the NC group vs. the C group (

 

P

 

 < 0.002). This
difference was most apparent at the 6th month of the study.

Random blood glucose measured at each visit and the aver-
age blood glucose recorded by the glucometer (Fig. 2) were
also lower in the NC group vs. the C group (

 

P

 

 < 0.005). As
shown in Fig. 3, there was a negative correlation between
HbA

 

1c

 

 and the number of tests per day, with two clusters
of HbA

 

1c

 

 values demarcated by a testing frequency of 2/day.
HbA

 

1c

 

 in patients testing at least twice a day was lower than in
those testing less than twice a day (8.8 

 

±

 

 0.2% vs. 9.6 

 

±

 

 0.2%,

 

P

 

 < 0.001).

 

Discussion

 

We have examined factors limiting SBGM and the effects of
SBGM on diabetes control in insulin-treated diabetic individ-
uals. Because SBGM is generally recommended for diabetic

patients on insulin and the use of insulin has been shown to
increase SBGM frequency [9,10], we chose insulin-treated
patients irrespective of whether they had Type 1 or Type 2 dia-
betes. These subjects were told that they would participate in

Figure 1 SBGM frequency downloaded from the glucometer in the NC 
(�) vs. C groups (�). SBGM at time zero was the one stated by the 
patients on enrolment. P < 0.05 for the effect of cost of strips according 
to the General Linear Model.

Figure 2 (a) Daily insulin dose, and (b) glucometer-recorded blood 
glucose, and (c) change in HbA1c in the NC (�) vs. the C (�) groups. 
P < 0.005 are for the effect of cost of strips according to the General 
Linear Model.
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a study of a new glucometer, but they were not instructed to
change their self-monitoring habits. In accordance with good
clinical practice guidelines, the patients had all attended diabetes
education where the importance of SBGM had been emphasized.
As knowledge of glycaemic level can alter patients’ behaviour
and diabetes control [11], we felt that it was important that the
patients should be blind to the primary objective of the study.
Thus, although they may have been aware of their own blood
glucose results and the HbA

 

1c

 

 determinations performed by
their primary care physician or endocrinologist, no additional
information was provided by the research nurse.

At entry into the study, approximately 50% of patients indi-
cated that they refrained from self-monitoring due to incon-
venience (a word used by patients to describe the uneasiness of
using this technique in social situations, meaning cumbersome,
distasteful, embarrassing, constraining, etc.) and about 30%
of patients found glucose testing reagents to be too expensive.
At exit, inconvenience was still ranked at the top of the list of
barriers to self-monitoring, but cost was relegated towards the
end of the list. The fact that cost was cited less often at exit than
at entry suggests that it was less relevant for those patients
remaining in the study. In the NC group where glucometer re-
agent strips were provided, the cost of the reagents was unlikely
to be foremost in the patient’s mind when asked to state why
they do not do more frequent SBGM, whereas patients in the
C group who found the cost of the reagent strips to be pro-
blematic may well have dropped out of the study, thus account-
ing for the decline in the reported significance of this factor at
the exit. Thus, although the main reason for not testing was
inconvenience, a high percentage of patients found SBGM to

be too costly, in agreement with previous reports [13–15]. The
importance of the cost of SBGM is also underscored by the
higher dropout rate (

 

∼

 

50%) among patients not given free glu-
cometer strips as compared with those given the reagents. The
fact that the latter group had a still significant dropout rate
(

 

∼

 

20%), however, suggests that, while cost of reagent strips is
an important factor, other factors also play an important role
in the willingness of patients to self-monitor their blood glu-
cose. The number of glucometer strips provided free of charge
was only sufficient for performing 3.3 tests/day, which is
somewhat short of the maximum 4 tests/day advised at the
DEC, and may have limited the testing frequency. However,
patients were not precluded from purchasing additional test-
strips if they so wished or needed, and the simple strategy of
supplying free reagent strips to cover most (if not all) of their
testing needs increased compliance with SBGM and diabetes
self-management, and improved diabetes control. It is also
remarkable that the dropout rate in the C group was of the
same magnitude as the proportion of patients who indicated
that they refrained from self-monitoring at the beginning of the
study.

Patient-related factors limiting SBGM have been investi-
gated before [10–16]. Diabetes type and therapy, age, gender,
education, diabetes education, more frequent visits to the phy-
sician, increasing income and having health insurance were, to
variable degrees, found to influence SBGM frequency. The
current study carefully matched the two groups of patients for
such background and demographic factors to avoid selection
bias. HbA

 

1c

 

 in both groups displayed a similar initial decrease
during the time all the patients had a supply of glucometer
strips, possibly also reflecting the effect of study enrolment and
recent attendance at diabetes education. Overall, however,
diabetic patients who had access to adequate supplies of glu-
cometer reagents provided free of charge had better glycaemic
control with lower HbA

 

1c, average blood glucose and insulin
doses compared with those who were required to purchase
these supplies. The worsening of glycaemic control in patients
who were not given free strips may have caused ill-timed
upward insulin dose adjustments by the patients themselves or
by their care providers.

There was a negative (although not strong) correlation
between SBGM frequency and HbA1c. These results are in line
with the previously reported observations that patients who
self-monitor have better glycaemic control and are less likely to
develop diabetic complications [1,2,11]. We cannot exclude
the possibility that patients with intrinsically poorer glycaemic
control became discouraged and therefore did less testing or
dropped out of the study altogether. However, this seems
unlikely as the dropout rate was similar to the proportion of
patients who indicated they found testing inconvenient. The
association between an increased SBGM frequency and a fall
in HbA1c has been reported mostly in patients with Type 1 dia-
betes [6,7,17,18]. In contrast, the importance of self-monitoring
in Type 2 diabetes has been less certain. In general, no associ-
ation has been found between HbA1c and self-monitoring

Figure 3 Relationship between HbA1c and daily SBGM frequency. 
This relationship was best fit by the linear regression equation 
HbA1c = 9.883–0.447 × tests/day, F = 46.15, r = 0.388, P < 0.0001.
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frequency in Type 2 patients, whether on insulin or on oral
hypoglycaemic agents, questioning the efficacy of SBGM in
patients with Type 2 diabetes, even when treated with insulin
[7,13,19–21]. It is possible that patients with Type 1 diabetes
benefit more from SBGM because they, and their care-providers,
are more likely to consider this tool important and as a conse-
quence have learned to use it more effectively. This view is in
line with interventions that have shown benefits of SBGM in
patients with Type 2 diabetes [16,22]. Because of the small
number of patients and the similar representation of the two
diabetes types in both groups, our data were not analysed
separately for Type 1 and Type 2 diabetes.

In a large observational study of ∼23 500 patients where the
frequency of SBGM was determined through pharmacy refills
of prescribed glucometer strips [23], the importance of SBGM
was suggested in both Type 1 and Type 2 diabetic patients.
Karter et al. [23] found that more frequent SBGM was asso-
ciated with better glycaemic control regardless of diabetes type
or therapy. SBGM among patients with Type 1 diabetes (≥ 3
times daily) and pharmacologically treated Type 2 diabe-
tes (at least once daily) was associated with 1.0 and 0.6%
lower HbA1c, respectively. Although our study design differs
from that of Karter et al. [23], in that patients were followed
prospectively and that glucose readings and SBGM fre-
quency were extracted from the glucometer memory, similar
results were obtained. We estimated that self-monitoring at
least twice daily was associated with lower HbA1c by ∼0.8%
in our combination of Type 1 and Type 2 insulin-treated
diabetic patients.

While our study was limited by the small number of sub-
jects, especially after dropout, we provide evidence that the
simple measure of provision of glucometer reagent strips with-
out any other intervention increases the frequency of SBGM
and improves glycaemic control. This effect on glycaemic con-
trol showed no attenuation over the 12-month study period.
However, longer-term follow-up would be required to
examine the durability of this improvement and to determine
whether it has a meaningful impact on diabetic complications
and outcomes. The small number of patients in our study did
not allow for meaningful analysis of the data separately for
Type 1 and Type 2 diabetes. Furthermore, the study included
only insulin-requiring diabetics and therefore it is unclear
whether similar benefits would accrue to those treated with
oral agents.

Nevertheless, in insulin-treated patients, after the incon-
venience of self-monitoring, the cost of glucometer strips was the
major barrier to SBGM. Providing glucometer reagents free of
charge increases the frequency of SBGM and improves glycae-
mic control. Health care providers should consider providing
free glucometer strips to this group.
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