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A B S T R A C T

Aims: Self-monitoring of blood glucose (SMBG) is an important self-care activity for

patients with Type 2 diabetes mellitus (T2DM) to achieve glycaemic control. The aim of this

study was to evaluate the impact of providing SMBG supplies on self-care among patients

with uncontrolled T2DM.

Methods: This was a six-month, prospective study conducted in two primary care institu-

tions. Patients �21 years old with uncontrolled T2DM (HbA1c > 7.0%) and polypharmacy

(�5 chronic medications) were included. All participants were given a free blood glucome-

ter, test strips, and lancets, and were invited to consult pharmacists to learn about SMBG.

The Summary of Diabetes Self-Care Activities questionnaire was administered at baseline

and at six months.

Results: A total of 167 patients were recruited and 150 (89.8%) completed the study. At six

months, significant improvements from baseline were observed for overall self-care

(+0.58, p = 0.008), glycemic control (�0.41%, p < 0.001) and all specific self-care activities.

The mean change in the SMBG score in all the participants was found to have a strong pos-

itive correlation with the mean change in the overall self-care score (rs = 0.580, p = 0.01).

Conclusions: Provision of SMBG supplies was effective in improving self-care among

patients with uncontrolled T2DM, including non-insulin-treated patients.
� 2019 Elsevier B.V. All rights reserved.
1. Introduction

Self-care is a cornerstone in the treatment of diabetes melli-

tus, a chronic and complex disease requiring multi-pronged

approaches to ensure long-lasting control [1]. For patients

with diabetes, self-care involves several key activities includ-
ing healthy eating, regular exercise, self-monitoring of blood

glucose (SMBG), medication adherence, foot care, and smok-

ing cessation [2,3]. These activities are associatedwith greater

and continuous glycaemic control, reduction of complica-

tions, and improved quality of life [4]. Despite the importance

and benefits of self-care activities, the practice of self-care
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remains low among patients with Type 2 diabetes mellitus

(T2DM) due to some challenges such as patients’ lack of moti-

vation and difficulties in changing habits [5,6].

Among the aforementioned self-care activities, SMBG has

important implications for patients as well as their healthcare

teams. SMBG readings provide real-time feedback on blood

glucose levels, which can help patients understand the

impact of specific dietary choices and physical activities on

their blood glucose [7,8]. With the SMBG readings, patients

can adjust their self-care activities subsequently. For patients

who are using insulin in particular, SMBG is recommended to

monitor and prevent hypoglycaemic episodes [3,9]. For

healthcare professionals, SMBG readings can be utilised to

assess therapy effectiveness, perform dose adjustments,

and even teach patients to self-titrate their medications

[10,11].

Although SMBG has shown to be directly associated with

empowerment in managing diabetes [12], SMBG is often

underutilised among patients with T2DM. In Asia, for exam-

ple, with only an estimated 29.7% of Asian patients reporting

regular SMBG usage [7,13]. Patients who actively engage

themselves in the utilization of SMBG are more likely to

achieve targeted HbA1c levels. For example, in a randomized

controlled study of 137 subjects with Type 2 diabetes, an aver-

age HbA1c change of �0.25 ± 0.21% and +0.30 ± 0.08% were

reported in the SMBG group and non-SMBG group, respec-

tively (p < 0.05) [14]. Furthermore, a systematic review con-

sisting of 15 randomised control studies has also concluded

that better glucose control was achieved in patients using

SMBG vs those who did not (�0.33 vs �0.22; p < 0.001) [15].

However, a recent study has reported lack of glucometers as

one of the major barriers to the performance of diabetic

self-care [6]. High cost of SMBG supplies is also a major barrier

to the low SMBG utilitization [7,16–18]. Even in countries such

as the United States where SMBG supplies are subsidised,

patients still perceived them to be expensive [19]. Household

income was found to be positively associated with the fre-

quency of SMBG performance [20]. Several patients also

reflected that they would perform SMBG more regularly if

the supplies were free [21].

However, the reimbursement of SMBG supplies are still

very much restricted in many countries especially in Asia

[22,23], preventing patients with diabetes to attain the maxi-

mum benefits from the use of SMBG. The provision of SMBG

supplies was thus included in this study design to overcome

the major barriers to the performance of SMBG. Although

the benefits of SMBG on self-care have largely been captured

via qualitative or cross-sectional studies to date, quantitative

studies are limited. Therefore, the primary objective of this

study was to determine the impact of providing SMBG sup-

plies on self-care activities and glycated hemoglobin (HbA1c)

among patients with uncontrolled T2DM. The secondary

objectives were to assess the impact of this intervention on

self-care activities among insulin-treated and non-insulin-

treated individuals and the association between SMBG and

other self-care activities. The study outcome from this study

may help the policy makers and insurance companies to gain

new insights on the benefits of SMBG beyond glucose regula-

tion and allow wider coverage and access by the patients with

diabetes.
2. Methods

2.1. Study design and setting

This was a six-month prospective, multicentre study con-

ducted at two outpatient primary health institutions in Singa-

pore. The study was approved by the National Healthcare

Group Domain Specific Review Board (2017/01191) and was

conducted in accordance to the Declaration of Helsinki.

2.2. Study participants

A sample size calculation was performed based on an esti-

mated 0.63 difference (Appendix A) in the overall self-care

score between baseline and six months [24]. After accounting

for an attrition rate of 20%, at least of 22 participants were

needed for the study (two-sided, a = 0.05, power = 0.80).

Patients aged �21 years with uncontrolled T2DM (defined as

HbA1c > 7.0%) and polypharmacy (defined as being pre-

scribed � 5 chronic medications) were included in this study.

Patients with Type 1 diabetes and those who were unable to

independently communicate in English, Mandarin, or Bahasa

Melayu were excluded.

2.3. Study procedures

Patients were approached and screened at the study sites by

research assistants. Eligible patients were invited to partici-

pate upon signing of informed consent. All participants were

given a free capillary whole blood glucose meter and a set of

50 test strips and 50 lancets to perform SMBG in addition to

their routine care. At three months, participants were given

another set of 50 test strips and 50 lancets. The blood glu-

cometers given in this study were certified ISO15197:2003

compliant and had the following features: blood glucose mea-

surements in mmol/L, sensitive for blood volumes of 0.5 lL,

storage of 500measurementswith date and time, five seconds

test time, and operated on user-changeable batteries, which

were as same as other marketed devices. Independently con-

ducted studies show that over 80% of glucometers in the mar-

ket meet the high system accuracy requirements of ISO

15197:2003; and all of them show acceptable measurement

reproducibility [25]. Participants were invited to consult a

pharmacist at a clinic or pharmacy counter to learn how to

use the blood glucose meter and interpret the readings.

Healthcare professionals who provided routine care for the

participants, including physicians, pharmacists, nurses, and

dieticians, were informed of their participation in the study.

At baseline and six months, the Summary of Diabetes Self-

Care Activities (SDSCA) questionnaire was administered to

all participants. The English, Mandarin, and Bahasa Melayu

versions of the SDSCAwere used and research assistants were

trained to administer them. Permission to use the SDSCAwas

obtained from the original authors (http://www.ori.org/sdsca).

2.4. Clinical survey

The SDSCA is a widely used, validated, and reliable tool

that measures self-care levels [26]. The Malay version has

http://www.ori.org/sdsca
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been previously translated and validated [27]. The internal

consistency of the Chinese version was adequate for the

all the domains: diet (a = 0.71), exercise (a = 0.88), blood

sugar testing (a = 0.83) and foot care (a = 0.93) [28]. The

Revised Version of the SDSCA was employed in this study,

comprised of 11 core items that cover five main domains

of self-care: diet, physical activity, SMBG, foot care, and

smoking habits [29]. Apart from the items on smoking,

the score for each item was the number of days that the

activity was practised in the past week. The scores there-

fore ranged from zero to seven, with higher scores indicat-

ing higher frequencies at which the self-care activity was

practised. The score for item four was reversed as it cap-

tures a negative self-care practice. The mean score of all

the items in each domain gave the domain score. The mean

of the four domain scores was then calculated and reported

as the overall self-care score.
Approached for Participation from April to July 

(n=1,884)

Successfully Recruited and Baseline Assessme

(n=167)
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Fig. 1 – Recruitment, follow-up, and
2.5. Data collection and outcome measures

The primary outcome of this study was the mean change in

patient-reported self-care activities at six months across all

participants, measured using the SDSCA. The secondary out-

come was the mean change in patient-reported self-care

activities at six months for both insulin-treated and non-

insulin-treated participants. Participants’ sociodemographic

characteristics, including age, gender, ethnicity, education

level, smoking status marital status, employment status and

diabetes duration were collected from a 19-item demographic

questionnaire at baseline. Patients’ medical history were

obtained from the institutions’ electronic databases.

2.6. Statistical analysis

All analyses were performed based on intention to treat. Dif-

ferences in self-care domains and mean HbA1c between
2018 

nt

atients did not fit the inclusion criteria as 

: 

1295 patients were not diagnosed with 

Type 2 diabetes mellitus

113 Patients were with HbA1c <7.0%

12 Patients did not have recent HbA1c 

reading

7 Patients were diagnosed with type 1 

diabetes

97 Patients were taking < 5 chronic 

medications

tients declined participation

atients lost to follow-up 

tients withdrew from the study

analysis of study participants.



Table 1 – Baseline sociodemographics and medical history.

Sociodemographics and Medical
History (n = 167)

n (%)

Age in years (Mean ± SD) 59.4 ± 6.9
Gender

Male 104 (62.3)
Female 63 (37.7)

Ethnicity
Chinese 102 (61.1)
Malay 41 (24.6)
Indian 20 (12.0)
Others 4 (2.4)

Marital Status
Single 5 (3.0)
Married 148 (88.6)
Divorced or Separated 7 (4.2)
Widowed 7 (4.2)

Employment Status
Employed 107 (64.1)
Retired 37 (22.2)
Housewife 21 (12.6)
Others 2 (1.2)

Education Level
No Formal Education 8 (4.8)
Primary School 35 (21.0)
Secondary School 75 (44.9)
College, Polytechnic, or ITE 31 (18.6)
University 18 (10.8)

Smoking Status
Smoker 22 (13.2)
Non-Smoker 145 (86.8)

Insulin Treatment
Insulin-Treated 57 (34.1)
Non-Insulin-Treated 110 (65.9)

Baseline SMBG Use
Yes 66 (39.5)
No 101 (60.5)

BMI (Mean ± SD) 28.28 ± 5.28
Monthly Income in S$ (Mean ± SD) 3271 ± 2697
Baseline HbA1c in % (Mean ± SD) 8.39 ± 0.97
Number of Comorbidities (Mean ± SD) 5.29 ± 1.91
Duration of Diabetes in years (Mean ± SD) 12.39 ± 8.58
Number of Medications (Mean ± SD) 6.89 ± 1.84
Number of Diabetes Medications (Mean ± SD) 2.53 ± 0.86
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baseline and six months were detected using a linear fixed-

effects model, adjusted for age [30], education level [31] and

income [32]. The following variables were assessed individu-

ally again the overall self-care scores across time points: age,

ethnicity, education level, income, working status, diabetes

duration, baseline body mass index (BMI), baseline HbA1c,

baseline SMBG usage, number of comorbidities and number

of medications. Using P-value < 0.20 as selection criteria [33–

35], the following variableswith statistically significant associ-

ationswith change of overall self-care scores were included in

the final model: duration of diabetes (P = 0.141) and number of

medications (P = 0.151). Differences in smoking status

between baseline and six months were detected using the

paired samples t-test. Sensitivity analyses were conducted to

compare unadjusted results and adjusted results. An ad hoc

analysis between self-care domains was also performed to

further investigate possible associations of the mean change

in SMBG and the overall self-care score using Pearson or

Spearman correlations. A two-tailed p-value of <0.05 was con-

sidered statistically significant. All analyses were conducted

using IBM SPSS Statistics version 25.0.

3. Results

3.1. Study participants

A total of 1884 patients were approached to participate in this

study, of whom 1524 did not fit the inclusion criteria and 193

declined participation. Common reasons for declining

included lack of interest and time. The remaining 167 patients

were successfully recruited into the study and completed the

baseline questionnaire. Over the six-month period, 10 (6.0%)

participants were lost to follow-up as they were either uncon-

tactable or had defaulted on their appointments at the institu-

tions. Seven (4.2%) patients also withdrew from the study due

to feelings of inconvenience or a loss of interest in the study.

Overall, 150 (89.8%) participants completed the study and the

results of all 167 participants were analysed (Fig. 1).

The mean age was 59.4 ± 6.9 years and more than half of

the participants were male (62.3%), Chinese (61.1%) and

employed (64.1%). Majority of the participants were married

(88.6%), received at least secondary school education (74.2%),

and did not smoke (86.8%) (Table 1). Demographics of

insulin-users and non-insulin users are summarized in

Table S1 (Appendix 2). Among those employed, the average

monthly income was S$3240 ± 2659. A total of 57 (34.1%) par-

ticipants were receiving insulin treatment and 66 (39.5%) par-

ticipantswere existing SMBG users. Themean baseline HbA1c

was 8.39%±0.97% and themean duration of diabeteswas 12.39

± 8.58 years. Participants had an average of five comorbidities

and were taking an average of seven chronic medications, of

which an average of two medications were for diabetes.

3.2. Changes in self-care activities and HbA1c levels over
six months

The baseline overall self-care mean score was 2.66 ± 1.37.

Mean scores for diet, exercise, SMBG, and foot care were 3.24

± 1.70, 2.69 ± 2.36, 1.23 ± 2.23 and 2.82 ± 2.46, respectively
(Table 2). At six months, participants had significantly higher

mean scores for the overall self-care score (p = 0.008), with

an increase of 0.58. Among the domains, SMBG had the lowest

baseline mean score but the greatest mean change in score

(+0.91 ± 2.76, p < 0.001), followed by exercise (+0.61 ± 2.77,

p = 0.220), foot care (+0.49 ± 2.78, p = 0.350), and diet (+0.44

± 1.84, p = 0.018). The percentage of participants who smoked

significantly decreased after six months (�6.0%, p < 0.001). A

significant increase in the percentage of participants who per-

formed SMBG from 39.5% to 60.5% was also observed by the

end of the study (p < 0.001) (Fig. 2). The mean HbA1c levels

was decreased from8.39 ± 0.97% to 7.95 ± 1.07 (-0.41, p < 0.001).

3.3. Changes in self-care activities among insulin- and
non-insulin-treated participants

Among non-insulin-treated participants, the mean overall

self-care score significantly improved from baseline (+0.70,



Table 2 – Changes in self-care scores over six months for all participants.1

Outcome Baseline (n = 167) Six Months (n = 150) Mean Change (n = 164) P Value2,a P Valueb

Diet Score 3.24 ± 1.70 (3.30) 3.78 ± 1.39 (3.75) +0.44 ± 1.84 0.001 0.018
Exercise Score 2.69 ± 2.36 (2.00) 3.23 ± 2.37 (3.00) +0.61 ± 2.77 0.013 0.220
SMBG Score 1.32 ± 2.23 (0.00) 2.23 ± 2.23 (2.00) +0.91 ± 2.76 <0.001 0.025
Foot Care Score 2.82 ± 2.46 (3.50) 3.29 ± 2.51 (3.50) +0.49 ± 2.78 0.032 0.350
Overall Score 2.66 ± 1.37 (2.60) 3.26 ± 1.23 (3.30) +0.58 ± 1.41 <0.001 0.008
Smokers (%) 22 (13.2) 12 (7.2) �6.0% <0.001 –
HbA1c 8.39 ± 0.97 7.95 ± 1.07 �0.41 ± 0.86 <0.001 <0.001
1 Data presented as Mean ± SD (Median) or Whole Number (%) where appropriate.
2 P-values based on linear fixed effects models and paired samples t-tests, as appropriate.
a Unadjusted for covariates.
b Estimates from mixed effects models are adjusted for age, education level, income, DM duration and number of medications.

1
Refers to percentage of patients who performed SMBG at least once a week. 

***
Percentage at six months was significantly greater than baseline (p<0.001).

**
Percentage at six months was significantly greater than baseline (p=0.002). 
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Fig. 2 – Changes in percentage of SMBG users among

insulin-treated, non-insulin-treated, and all participants.
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p = 0.014), as well as for diet, SMBG and foot care. The greatest

mean change in score was observed for SMBG (+1.15,

p = 0.009), followed by foot care (+0.66, p = 0.290), and exercise

(+0.62, p = 0.429), and diet (+0.53, p = 0.040) (Table 3). The per-

centage of smokers in the non-insulin-treated group also sig-

nificantly decreased by the end of the study (�8.0%, p < 0.001),

while the number of non-insulin-treated participants who

performed SMBG doubled to 66.1% at six months (p = 0.002)

(Fig. 2).

Among insulin-treated participants, the mean overall self-

care score increased by 0.35 from baseline to six months,

although the improvement is not significant (p = 0.269).

Between baseline and six months, the mean scores of

insulin-treated participants did not change significantly for

all four self-care domains (diet, physical activity, SMBG, and

foot care). At six months, the percentage of insulin-treated

participants who performed SMBG increased from 56.1% to

86.0% (p = 0.537) (Fig. 2).

3.4. Sensitivity analyses

Sensitivity analyses were conducted after adjusting for age,

education level, income, working status, diabetes duration

and number of medications. The adjusted results did not
show significant difference from the unadjusted results

(Tables 2 and 3).

3.5. Ad hoc analysis of associations between self-care
domains

The mean change in the SMBG score was found to have a

strong positive correlation with the mean change in the over-

all self-care score (rs = 0.580, p = 0.01) and a weak positive cor-

relation with the mean change in the diet score (rs = 0.163,

p = 0.037) (Table 4).

4. Discussion

This was the first study to quantitatively capture the positive

impact of providing SMBG supplies on self-care levels of

patients with uncontrolled T2DM. More specifically, we

explored the provision of free SMBG supplies as a means of

encouraging SMBG performance. This study also distin-

guished the changes in self-care between insulin-treated

and non-insulin-treated individuals who have received free

SMBG supplies. The findings from our study, therefore, com-

plement the body of qualitative research conducted to inform

the medical community about the relationship between

SMBG provision and self-care [36].

The provision of SMBG supplies was successful in improv-

ing participants’ overall practice of self-care (+0.58, p = 0.008)

and glycemic control (�0.41, p < 0.001) within six months. The

result of self-care levels was in line with a recent randomised

study [37] involving SMBG interventions where an improve-

ment in participants’ overall self-care levels (+0.51) was

observed. The level of HbA1c reduction was similar to another

randomized control study comprising of 273 patients with

HbA1c > 7% (�0.49, p < 0.001) [38]. The provision of SMBG sup-

plies also effectively improved participants’ all self-care activ-

ities. As expected, the SMBG performance was increased with

the provision of free SMBG supplies, since higher socioeco-

nomic status is a predictor for SMBG usage and the mean

monthly income of the study participants was approximately

S$1200 lower than that of a full-time employee in Singapore

[13]. However, after adjusting for income, the levels of self-

care and glycemic control were still significantly improved.

The corresponding increases in dietary control and physical

activity are also consistent with multiple qualitative studies
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that report patients’ usage of SMBG readings to make lifestyle

modifications [19,39,40]. The improvement in foot care and

the reduction in the percentage of smokers observed with

SMBG provision are new findings amidst the vast literature

on SMBG, which could be due to increased consultation to

the healthcare professionals on abnormal SMBG readings

[41–43].

The provision of SMBG supplies was effective in increasing

both SMBG performance and the frequency at which it was

performed, regardless of insulin use. Before receiving the free

supplies, only 39.7% of all participants and 54.1% of insulin-

treated participants were performing SMBG, with the baseline

frequency of SMBG was of 1.23 ± 2.15 days per week. With the

provision of SMBG supplies, the number of SMBG users nearly

doubled to 68.3% and users increased their SMBG frequency

to 2.20 ± 2.24 days per week, indicating greater adherence to

clinical recommendations. Our findings can be explained by

a study conducted in a multiethnic population, which found

that individuals with financial barriers were less likely to per-

form SMBG at least twice a week [44]. In this study, we also

found the improvement in SMBG was directly associated with

the improvement in overall self-care (p < 0.001). These associ-

ations strengthen our earlier observation that provision of

SMBG supplies facilitated improvements in overall self-care

through improving the practice of multiple specific self-care

activities.

This study found that the provision of SMBG facilitated a

significant increase in overall self-care and specific self-care

activities among non-insulin-treated participants. Since

SMBG is not specifically indicated for non-insulin-treated

patients [3], the significant increase in SMBG performance

could have been attributed to the novelty of the experience.

Non-insulin-treated patients reported an attitude of curiosity

upon SMBG initiation as they desired to discover patterns in

their blood glucose levels. This led them to experiment per-

forming SMBG at different frequencies, times of the day,

and after different foods, thereby adjusting their self-care

activities as part of the experimental process [40]. Interest-

ingly, no significant changes in the four core self-care activi-

ties were observed among the insulin-treated participants in

this study. One possible reason is a lack of understanding

on the benefits of SMBG in improving self-care. A qualitative

study conducted among insulin-treated patients with T2DM

in Malaysia reported a perception that SMBG is mainly used

for insulin titration, which reflects an unawareness that

SMBG could be employed to adjust diet and exercise regimes

[21].

This study had several limitations. First, our results may

have been affected by recall and social desirability biases

due to the retrospective nature of the SDSCA and the face-

to-face mode of administration. We attempted to minimise

these biases by training all research assistants to ensure con-

sistency in the manner of questionnaire administration and

sufficiency of response time for each participant. Second,

the short duration of the study prevented us from assessing

the long-term impact of providing SMBG supplies on self-

care. Finally, a relatively small number of insulin-treated par-

ticipants were represented in our study, which could have

limited us from observing the effect of SMBG supplies provi-

sion on self-care levels among them. Future studies could



Table 4 – Associations between self-care domains.

Variables Correlated Correlation Coefficient1 P value

Mean Change in SMBG Score Mean Change in Diet Score 0.163 0.037
Mean Change in Exercise Score 0.099 0.300
Mean Change in Foot Care Score 0.212 0.025
Mean Change in Overall Self-Care Score 0.580 0.01

1 Spearman’s Rho Correlation Coefficient (rs) reported.
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explore the longitudinal and long-term relationship between

SMBG supplies provision and self-care levels with a greater

representation of insulin-treated participants.

5. Conclusion

This study demonstrated that the provision of SMBG supplies

had a positive impact on self-care levels and glycemic control

of patients with uncontrolled T2DM. This study further

demonstrated that improvements in self-care for non-

insulin-treated patients are achievable with SMBG provision.

The provision of SMBG supplies was also shown to be an

effective method of improving the practice of self-care activ-

ities in the short-term.
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