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Usage of glucometer is associated with improved
glycaemic control in type 2 diabetes mellitus patients
in Malaysian public primary care clinics: an open-label,

randomised controlled trial

Mastura Ismail*, mved, Chong-Lieng Teng?, mmed, Mimi Omar3, mved, Bee Kiau Ho?, MMed,

Zainab Kusiar®, mved, Ruziaton Hasim®, mmed

INTRODUCTION Self-monitoring of blood glucose (SMBG) has been underutilised. We conducted an open-label,
randomised controlled trial to assess the feasibility of introducing SMBG in primary care clinics in Malaysia.

METHODS This was an open-label, randomised controlled trial conducted in five public primary care clinics in
Malaysia. Patients with type 2 diabetes mellitus (age range 35-65 years) not performing SMBG at the time of the
study were randomised to receive either a glucometer for SMBG or usual care. Both groups of patients received

similar diabetes care from the clinics.

RESULTS A total of 105 patients with type 2 diabetes mellitus were enrolled. Of these, 58 and 47 were randomised
to intervention and control groups, respectively. After six months, the glycated haemoglobin (HbA1lc) level in the
intervention group showed a statistically significant improvement of 1.3% (p = 0.001; 95% confidence interval
0.6-2.0), relative to the control group that underwent usual care. The percentages of patients that reached the HbAlc
treatment target of < 7% were 14.0% and 32.1% in the control and intervention groups (p = 0.036), respectively.

CONCLUSION The usage of a glucometer improved glycaemic control, possibly due to the encouragement of

greater self-care in the intervention group.
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INTRODUCTION

National population surveys have highlighted the increasing
prevalence of diabetes mellitus (DM) in Malaysia, with the
prevalence reaching 14.9% in 2006." The data in a national
DM audit showed that only 18.1% of patients with DM
achieved a glycated haemoglobin (HbATc) level of < 6.5%.%
Similarly, several other studies also showed poor glycaemic
control in Malaysia.®* Poor diabetes control leads to macro-
and microangiopathy, while good glycaemic control can
improve the outcome in types 1 and 2 DM.>® All diabetes
care strategies should aim to achieve strict glycaemic control.
As a tool for attaining target glycaemic control, self-monitoring
of blood glucose (SMBG) has become a common practice
in developed countries.*” However, in low-income countries,
it is not entirely clear whether SMBG can produce the level
of glycaemic control seen in randomised controlled trials
conducted in developed countries.® This is especially
pertinent in view of patients’ lower levels of education and
income, which impact Malaysia’s public healthcare system.
As there are still relatively few controlled studies on the
efficacy of SMBG in developing countries,*' we aimed
to add further data in this area by conducting a randomised
controlled study in the Malaysian public primary care

setting. The main objective of this study was to determine
the difference in diabetes control between patients who
undertake SMBG and those who have their blood glucose
level monitored in public health clinics.

METHODS

This was an open-label, randomised controlled trial
conducted on patients with type 2 DM (aged 35-65 years)
who required either an oral antidiabetic agent or insulin,
and who had HbAlc > 6.5%. The criteria for exclusion
from the study were: (a) existing SMBG; (b) pregnancy;
(c) acute infection; (d) diabetic retinopathy; (e) overt
proteinuria confirmed by dipstick; and (f) serum
creatinine > 176.8 pmol/L.

The study was conducted at two health clinics located
in Negeri Sembilan, and at three others in Selangor. These
clinics are typical of the many public community health
centres in Malaysia, which provide comprehensive and
continuing medical care to the population. Each clinic
tasked a nurse to recruit 30 patients according to the
study’s inclusion and exclusion criteria. The recruited
patients voluntarily consented to join the study and made
an appointment for the baseline study visit. The study’s
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sampling frame comprised DM patients who attended
these five clinics during the three-month recruitment phase
from April to June, 2007. During the baseline study visit
at each clinic, the nurse assigned a consecutive number,
ranging from 1 to 10, to each recruited patient. The numbers
were used to randomly assign patients to different groups.
Patients 3, 4, 7, 9 and 10 were assigned to Group 1 (control
group; i.e. patients whose blood glucose level will only be
monitored in public health clinics), while Patients 1, 2, 5, 6
and 8 were assigned to Group 2 (intervention group; i.e.
patients who will undertake SMBG at home). Patients in
both groups were each allocated two monthly clinic visits
with doctors, but patients in Group 2 were additionally
allocated monthly appointments with the nurses to record
their SMBG levels. Thus, a total of 150 patients made
appointments for the baseline study visit. All patients were
treated and followed up by family medicine specialists
and medical officers, with the aim of achieving fasting
plasma glucose < 6.0 mmol/L and HbAlc < 6.5%. Neither the
patients nor the doctors were blinded. Patient records were
tagged to indicate their assigned group.

All patients (Groups 1 and 2) received similar health
education, as recommended in the Malaysian Clinical
Practice Guidelines'™ (CPG) on the management of DM,
which highlights the need for strict glycaemic control, diet
control, blood glucose monitoring, and knowledge on how
to adjust the dose of oral hypoglycaemic agents (OHA) or
insulin, as well as treatment of hypoglycaemia. In addition
to the health education session, patients in Group 2 were
offered two-day classes that included practical demonstrations
of SMBG, during which the usage of the glucometer was
explained. Patients were supplied a glucometer (OneTouch®
Ultra®; Johnson & Johnson, CA, USA) with reagent test
strips (OneTouch® Ultra®; Johnson & Johnson, CA, USA)
at no charge, after they demonstrated the skill needed to
use the device.

All patients in Group 2 were advised to monitor their
blood glucose levels (either during fasting, two hours after
breakfast, or two hours after meals) and to keep a record
in their logbooks. The frequency of SMBG depends on the
level of diabetes control required, according to the guidelines
set in the Malaysian CPG on the management of diabetes.
If the test result was found to be above the set target value
(i.e. fasting blood glucose > 6.0 mmol/L; postprandial
blood glucose > 7.8 mmol/L), the patient was advised to
adjust the dose of OHA/insulin accordingly and recheck
the blood glucose level of that particular time (either
during fasting or postprandial), after four to five days.
Patients in Group 1 were asked to visit the doctor at
intervals of two months, and antidiabetic treatments
were modified if needed. They were also free to report
at any time should they face any difficulty. Group 2 patients
were also required to visit their doctor at intervals of

Targeted recruitment of
patients with type 2 DM

(n=150)

Actual recruitment of
patients with type 2 DM

(n =105)
Randomised
Group 1 . Group 2
(n = 47) Allocation (n=58)

Lost to follow-up

Follow-up

Lost to follow-up
(n=4) (n=2)
Analysed for
outcome (n = 43)

Analysed for

Analysis outcome (n = 56)

Note: dropout rate = 5.7%

Fig. 1 Flow chart demonstrates subject recruitment, follow-up
and outcome. DM: diabetes mellitus; SMGB: self-monitoring of
blood glucose

two months. However, in addition to that, Group 2 patients
were also required to see the nurse every month to record
their SMBG results.

For both groups, tests for either fasting blood glucose
or two-hour postprandial blood glucose were done at
each visit, and HbAT1c tests were ordered every three to six
months. Tests for fasting cholesterol, triglycerides and
serum creatinine levels were performed every six months.
Weight was taken with the patient barefoot and in light
clothing, and blood pressure was recorded in the sitting
position using a standard mercury sphygmomanometer.
The duration of the study period was six months.

Sample size was calculated based on the method
described by Campbell et al."® In order to detect a difference
of 1% in patients’” HbA1lc levels at the six month follow-up
(standard deviation = 2%, a = 5%, p = 20%), 64 patients were
needed in each arm. However, assuming a 20% dropout rate,
we needed a total of 150 patients (75 in each arm). Each
centre thus recruited 15 patients for each of the intervention
and control arms.

This study was approved by the Research and Ethics
Committee, International Medical University, Malaysia, and
written informed consent was obtained from all patients
involved in this study prior to data collection. According to
protocol, data analysis was performed using the Statistical
Package for the Social Sciences Windows version 16.0
(SPSS Inc, Chicago, IL, USA). Categorical variables were
compared using chi-square test, and continuous variables
were compared using t-test or analysis of variance, as
appropriate. The level of statistical significance was set
atp < 0.05.
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Table I. Comparison between Groups 1 and 2.

Characteristic Group 1 Group 2 p-value
(n=47) (n=58)

Mean age * SD (yrs) 52.7+7.9 54.0 +9.7 0.485
Females (no. [%]) 32 (68.1) 31 (53.4) 0.128
Ethnicity (no. [%]) 0.070

Malays 29 (61.7) 35 (60.3)

Chinese 12 (25.5) 7 (12.1)

Indians 6 (12.8) 16 (27.6)
Married (no. [%]) 45 (95.7) 53 (91.4) 0.470
Education level (no. [%]) 0.167

No formal education or primary education only 27 (57.4) 3 (39.7)

Secondary or tertiary education 20 (42.6) 35 (60.3)
Total household income/mth (no. [%]) 0.086

< RM 1,000 20 (42.6) 15 (25.9)

RM 1,001-3,000 22 (46.8) 37 (63.8)

> RM 3,001 5(10.6) 6 (10.3)
Mean duration of DM # SD* (mths) 72.5+53.3 76.0+71.1 0.776
Current/ex-smoker (no. [%]) 6 (12.8) 8 (13.8) 0.434
Performs physical activity* (no. [%]) 29 (61.7) 43 (74.1) 0.172
DM complication present (no. [%]) 11 (23.4) 9 (15.5) 0.346
With history of hospitalisation (no. [%]) 1(2.1) 5(8.6) 0.221*
Educated on DM (no. [%]) 38 (80.9) 53 (91.4) 0.115
Mean systolic BP + SD (mmHg) 131.7 + 18.4 131.5+15.2 0.932
Mean diastolic BP (mmHg) 80.2+6.9 79.2+84 0.488
Mean waist circumference £ SD (cm) 92.2+9.0 93.6 + 9.5 0.447
Mean BMI * SD (kg/m?) 27.7+4.0 27.2+4.1 0.529
Mean HbA1c * SD (%) 89+20 9.2+21 0.458
Mean total cholesterol level + SD (mmol/L) 55+1.2 56+1.2 0.648
Mean triglyceride level £ SD (mmol/L) 1.9+1.2 23+1.4 0.174

*The mean duration of DM was obtained from patients’ records, or from patients’ self-reports, if the information was not recorded. *Minimum of 30 mins of exercise
per session for at least 3 times per week based on self-reporting. *Fisher’s exact test.
BMI: body mass index; BP: blood pressure; DM: diabetes mellitus; SD; standard deviation; SMBG: self-monitoring of blood glucose

RESULTS
This study was conducted from April to December, 2007
in five public health clinics in Malaysia. Out of the 150
patients selected, only 105 patients attended the baseline
study visit. Reasons for not participating were: recently
purchased own glucometers, lack of interest, unable to
come for scheduled visits and logistic factors. The recruited
participants were randomised into two groups; 58 patients
were supplied glucometers (Group 2) and 47 patients
were not supplied glucometers (Group 1). In Group 2,
two patients declined to continue the study, while in
Group 1, four patients did not complete the study -
one patient was referred to the hospital for diabetes
complication, and three defaulted on their clinic
appointments. The recruitment and follow-up process is
summarised in Fig. 1. There were no differences observed
in the patients’ socio-demographic distribution, clinical
data, and physical and laboratory findings at baseline
study (Table ).

After six months, the Group 2 patients’ HbATc levels
showed statistically significant improvement, relative to
those Group 1, with a difference of 1.3% (p = 0.001; 95%

393

confidence interval [Cl] 0.6-2.0) favouring SMBG. The
absolute mean improvement in the HbA1lc levels of
Group 2 was 0.9%, as compared to —0.4% in Group 1.
The difference (0.7 mmol/L) in triglyceride levels
between Groups 1 and 2 was statistically significant
(p = 0.029) (Table II).

The average frequency of SMBG testing was 2.8 times
per week. At the start of the study, the percentages
of DM patients achieving the target HbAlc level
of < 7% in Groups 1 and 2 (17.0% and 13.8%, respectively)
were similar (p = 0.647). However, six months later, the
percentage of DM patients reaching the treatment target
fell to 14.0% in Group 1, and increased to 32.1% in
Group 2 (odds ratio 2.9, 95% Cl 1.04-8.17; p = 0.036) (Fig. 2).

DISCUSSION

This study observed that SMBG usage among patients
with type 2 DM in five government health clinics in Malaysia
significantly improved glycaemic control; after six months,
HbATc levels in the intervention group (i.e. Group 2) lowered
by 1.3%, relative to the control group (i.e. Group 1). Similarly,
a systematic review" of five randomised controlled trials">-"%
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Table Il. Reduction of physical and laboratory findings post intervention as compared to baseline.

Characteristic Group 1 Group 2 Mean difference 95% ClI p-value
(n=43) (n =56) (Group 1 - Group 2)
Systolic BP (mmHg) 15+184 8.8 1 165 -1.8 -8.8 t0 5.3 0.623
Diastolic BP (mmHg) 1.0+x9.2 1.3+94 -0.3 -4.4t0 3.4 0.864
Waist circumference (cm) -0.1+3.5 1.6+4.38 -1.7 -3.6t0 0.2 0.079
BMI (kg/m?) 0.8 1.0 =02 -0.4t0 0.4 0.962
HbA1lc (%) -0.4+1.3 09+21 =il.8 -2.0to -0.6 0.001*
Total cholesterol (mmol/L) 0.05+1.4 0.04 +1.0 -0.01 -0.8t0 0.1 0.14
Triglyceride (mmol/L) -0.5+1.9 0.2+1.2 -0.7 -1.3t0 0.1 0.029*

Note: Data is expressed as mean * standard deviation, except for data on BMI. *p-value is statistically significant.
BMI: body mass index; BP: blood pressure; Cl: confident interval; SMBG: self-monitoring of blood glucose

M Group1 M Group 2

Percentage

Baseline HbAlc < 7% Post HbAlc < 7%

Fig. 2 Bar graph shows the percentages of diabetic patients
achieving target HbAlc level at baseline and at six months
post intervention.

patients with on type 2 DM showed that the overall effect
was a statistically significant decrease of 0.39% in the
HbATc levels (95% Cl —0.56 to —0.21) of the SMBG group.
However, several systematic reviews show that SMBG is only
modestly effective in reducing HbA1c.20-2?

In this study, the calculated sample size was 75 patients
per group, which was inflated by 1.2 times to take into
account an expected dropout rate of 20%. Even though the
sample size was not achieved, we managed to find statistical
significance because the change in HbATc levels was larger
than expected (1.3% instead of 1.0%). Also, the actual dropout
rate was lower than the expected 20%. This study managed
to show that a better reduction of HbATc levels was achieved
in Group 2. This could be due to a higher motivation among
Group 2 patients to become active participants in self-care.

Self-monitoring can motivate patients to become
active participants in their own care via regular SMBG
demonstration of the positive effects of medications, diet
and exercise on blood glucose levels.® However, a national
audit on DM conducted in government health clinics in
Malaysia showed that only 10% of DM patients performed
SMBG."® Similarly, other local studies also found that
about 15% of DM patients performed SMBG.?32%
An important step in achieving optimal blood glucose

monitoring behaviour is to identify and resolve the barriers
to SMBG.?» The practice of SMBG may increase with the
reduction of patients’ financial burdens through government
subsidies, thus leading to better glycaemic control and
reduced diabetic complications.%2%

It has been predicted that a lifetime incidence of diabetes-
related complications can be reduced if self-monitoring is
performed seven or more times per week when compared
to the absence of self-monitoring.?® However, it has also
been suggested that less frequent testing of one to two
times per week may be more cost-effective in type 2 DM
patients who are not on insulin.?”” Other randomised
controlled trials'?% found no convincing evidence to
recommend routine SMBG in reasonably well-controlled,
non-insulin-treated type 2 DM patients and those who
are newly diagnosed.®” However, if the HbAlc level remains
above 8%, SMBG may provide motivation for better
medication adherence and lifestyle changes.®? Unlike
other studies,®'*¥ our study did not find any significant
relation to age, gender, ethnicity, education level or
financial status.

Although the findings of our study show that SMBG
is effective in a trial setting, further studies need to be
done to evaluate its effectiveness in routine care. Our study
may also be limited by dropouts and low recruitment, which
could lead to bias in per-protocol analysis. Furthermore, our
study was not blinded and analysed by intention-to-treat.
The additional monthly nurse visits for the intervention
group may have also introduced biases, which should have
been taken into consideration and controlled. In order to
minimise and compensate for these limitations, controlled
randomisation was conducted. There is also uncertainty
about the sustainability of the reduction in HbA1lc levels
and patient compliance when the sponsorship of test
strips ceases.

In our study, SMBG practice resulted in improved
glycaemic control, which could be due to increased
empowerment among the patients in the intervention
group, thus increasing the rate of glycaemic target
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achievement. However, routine use of SMBG may not be

appropriate for patients with reasonably well-controlled

type 2 DM. Further studies should be done to assess the

role of SMBG and its cost-effectiveness in the management

of patients with less well-controlled type 2 DM.
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