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ABSTRACT

Objective: The present study aimed to verify the
effectiveness of self-monitoring of blood glucose
(SMBG) in patients with non-insulin-treated type 2
diabetes (T2D).

Methods: A comprehensive literature search was
conducted in PubMed, Cochrane Library, Web of
Science, ScienceDirect and ClinicalTrials.gov from
their respective inception dates to 26 October 2015.
Eligible randomised controlled trials (RCTs) were
included according to prespecified criteria. The
quality of the included RCTs was evaluated according
to the Cochrane risk of sias Tool, and the evidence
quality of meta-analyses was assessed by the
Grading of Recommendation, Assessment,
Development, and Evaluation (GRADE) criteria. A
meta-analysis of primary and secondary outcome
measures was performed. Sensitivity and subgroup
analyses were carried out to evaluate the robustness
and heterogeneity of the findings. Begg’s and
Egger’s tests were used to quantify publication
biases.

Results: A total of 15 RCTs, comprising 3383 patients
with non-insulin-treated T2D, met the inclusion criteria.
The SMBG intervention improved glycated
haemoglobin (HbA1c) (mean difference —0.33; 95%
Cl —0.45 to —0.22; p=3.0730e—8; n=18), body mass
index (BMI; —0.65; —1.18 to —0.12; p=0.0164; n=9)
and total cholesterol (TC; —0.12; —0.20 to —0.04;
p=0.0034; n=8) more effectively than the control in
overall effect. The sensitivity analysis revealed little
difference in overall effect, indicating the robustness
of the results. SMBG moderated HbA1c levels better
than the control in all subgroup analyses. Most of the
RCTs had high risk of bias in blinding, while the
overall quality of evidence for HbA1c was moderate
according to the GRADE criteria. Publication bias was
moderate for BMI.

Conclusions: SMBG improved HbA1c levels in

the short term (<6-month follow-up) and long term
(=12-month follow-up) in patients with T2D who
were not using insulin.

Trial registration number: CRD42015019099.

Strengths and limitations of this study

This meta-analysis provides the latest evidence for

the effect of self-monitoring of blood glucose

(SMBG) on non-insulin-treated type 2 diabetes

(T2D) to resolve the controversy among previous

studies, including the latest Cochrane review. This

study is clinically relevant and significant because
of the following reasons:

= It is the most comprehensive meta-analysis to
include the latest randomised controlled trials
(RCTs) and evaluates more clinical indexes
(including systolic blood pressure (SBP), dia-
stolic blood pressure (DBP), weight, body mass
index (BMI), triglyceride (TG), total cholesterol
(TC) and waist circumference) than previous
meta-analyses.

m [t is the first meta-analysis to investigate the as-
sociation of geographical regions (Asia and
America—Europe) with the effectiveness of SMBG.

m |t provides a clear demonstration that SMBG is
significantly effective in controlling glycated
haemoglobin (HbA1c), BMI and TC levels in the
short term, while a clinically significant change
in the long term is only observed in patients with
newly diagnosed T2D with mildly -elevated
HbA1c.

INTRODUCTION

In 2011, £158 million was spent on self-
monitoring of blood glucose (SMBG) by the
UK’s National Health Service (NHS),
accounting for 21% of diabetic prescription
costs." The Centers for Disease Control and
Prevention (CDC) estimated that the daily
usage rate of SMBG in the USA was 63.4%
among patients with diabetes,” while the
Diabetes  Glycaemic ~ Education  and
Monitoring (DiGEM) trial reported that the
12-month costs of SMBG were similar in both
less intensive (£92) and more intensive (£84)
SMBG groups.” SMBG has been reported
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effective in the management of type 1 diabetes melli-
tus.t ® However, there remains a lack of consensus over
the effectiveness of SMBG for selfmanagement of
patients with non-insulin-treated type 2 diabetes (T2D),
despite several meta-analyses having investigated the
issue.”"” Given the high costs incurred during SMBG, if
the technology was found to be ineffective in the treat-
ment of patients with T2D without insulin administra-
tion, the expenditure would be in vain. Conversely, if
SMBG was proven effective, over 200 million patients
with T2D living in low-income and middle-income coun-
tries could be advised to manage their disease through
SMBG as a relatively low-cost health technology. Several
meta-analyses7 1215 deemed that SMBG was effective in
decreasing glycated haemoglobin (HbAlc) levels in
patients with T2D. Others® ® found that the SMBG
group did not fare significantly better than the control
group, but varied in the length of follow-up. The latest
meta-analysis was a Cochrane review published in 2012,
which suggested that SMBG had a minimal effect on
improving glucose control at 6 months (mean difference
—-0.26; 95% CI —0.39 to —0.13), but the effect disap-
peared after 12 months (—0.13; —0.31 to 0.04); thus, the
clinical benefit was limited.® Since then, more rando-
mised controlled trials (RCTs) =17 have been published,
of which three'* '° 17 suggested that SMBG improved
diabetic control beyond the levels estimated by the last
Cochrane review’ (ie, at 6 and 12 months), and one'®
reported no significant differences between SMBG and
usual care for changes in HbAlc levels. Regardless of
the controversial results of these previous reviews and
recent RCTs, the last Cochrane review is already out-
dated. Therefore, the present study aimed to re-estimate
the effects of SMBG in patients with non-insulin-treated
T2D through a meta-analysis of RCTs. Given the signifi-
cant efficacy and safety differences observed among
ethnic groups in the DURADbility of Basal versus Lispro
mix 75/25 insulin Efficacy (DURABLE) trial,'® the
present study also investigated the possible associations
of ethnicity and living environment with SMBG.

METHODS

The present systematic review was conducted in
accordance with the protocol registered in the
International prospective register of systematic reviews
(PROSPERO) (registration number: CRD42015019099)
and the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines.'?

Eligibility criteria

Included studies met the following criteria: (1) RCTs
comparing SMBG with usual care (or no SMBG) in
patients with non-insulin-treated T2D above 18 years of
age; (2) RCTs reporting HbAlc levels; and (3) RCTs
reporting fasting plasma glucose (FPG), body mass
index (BMI; calculated as weight in kilograms divided by
square of the height in metres), diastolic blood pressure

(DBP), systolic blood pressure (SBP), high-density lipo-
protein (HDL), low-density lipoprotein (LDL), triglycer-
ides (TGs), total cholesterol (TC), waist circumference
(WC) and weight (if available). The primary outcome
measure in this study was HbAlc improvement and the
secondary outcome measures were FPG, BMI, DBP, SBP,
HDL, LDL, TG, TC, WC and weight improvement.
Meeting summaries and abstracts were excluded.

Literature search and study selection

Two reviewers (HZ and YZ) searched four bibliograph-
ical databases, namely PubMed, Web of Science,
ScienceDirect and Cochrane Library, from their respecti-
ve inception dates to 26 October 2015. Google Scholar
and ClinicalTrials.gov were adopted as additional data-
base sources. Manual searching was used to retrieve
additional records from relevant studies. The search
strategies were specified according to the database used.
Basic search terms included ‘self-monitoring of blood
glucose’, ‘type 2 diabetes’ and ‘non-insulin’ in the title,
abstract and/or keywords. The specific search strategies
used were:

PubMed: ((self-monitoring of blood glucose[Title/
Abstract] OR SMBG/[Title/Abstract]) AND (type 2 dia-
betes [Title/Abstract] OR T2D [Title/Abstract])) AND
((no insulin [Title/Abstract] OR insulin [Title/
Abstract]) OR non-insulin [Title/Abstract]).

Web of Science: TS=(SMBG OR self-monitoring of
blood glucose) AND TS=(T2D OR type 2 diabetes) AND
TS=(non-insulin OR using insulin OR no insulin).

ScienceDirect: TITLE-ABSTR-KEY ((SMBG OR self-
monitoring of blood glucose) AND (T2D OR type 2 dia-
betes) AND (non-insulin OR wusing insulin OR no
insulin)).

The Cochrane Library: self-monitoring of blood
glucose or SMBG in Title, Abstract, Keywords AND no
insulin OR non-insulin in Title, Abstract, Keywords AND
type 2 diabetes OR T2D in Title, Abstract, Keywords.

Two reviewers (HZ and YZ) independently performed
the literature searches and selection. The articles
retrieved by one reviewer were crosschecked by the
other. Disagreements were resolved by group discussion
or in consultation with a third reviewer (S-wL).

Data extraction and quality assessment

Two reviewers (HZ and YZ) independently extracted
data on study characteristics (such as author, publication
year, sample size and intervention) and outcome
measures from the eligible studies. The extracted data
were crosschecked and any disagreement was resolved
by discussion between the two reviewers (HZ and YZ); a
third reviewer (S-wL) was consulted when necessary. The
quality of the included RCTs was evaluated according to
the Cochrane Risk of Bias Tool,20 and the evidence
quality of meta-analyses was assessed using the Grading
of Recommendation, Assessment, Development, and
Evaluation (GRADE) criteria.?!
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Meta-analysis

Extracted data were transferred to the ‘metafor’ packalge22
in R software for meta-analysis with a random-effects
model. Continuous outcome measures were calculated
and represented as mean differences (MDs) and their
95% ClIs. Heterogeneity among RCTs was evaluated with
I* statistics. p Values <0.05 were considered statistically
significant.

Sensitivity and subgroup analyses

A sensitivity analysis was performed on sample size to
assess the robustness of the findings. Sample size is a
dominant factor that affects precision in determining
overall effects. Thus, the meta-analysis was repeated after
excluding studies with sample sizes of 99 or less.
Subgroup analyses were performed to explain the hetero-
geneity in terms of geographical region, follow-up period
and diabetes history, according to the characteristics of
the included studies. The Mann-Whitney-Wilcoxon test
was used to determine the differences across subgroups.

Adverse events analysis
Meta-analyses on the overall adverse effects in terms of
ORs and their 95% CIs were performed with a
randome-effects model.

Publication bias and metaregression

Funnel plots were generated to visualise any possible
publication bias. Begg’s rank correlation test” and
Egger’s regression test”' were performed to evaluate the
statistical significance of the publication bias. A metare-
gression with a mixed-effects model employing the
restricted maximum likelihood (REML) estimation was
performed to examine the possible relationships
between the overall effects and factors such as sample
size, history of diabetes, follow-up period and publica-
tion year.

Classification tree

A classification tree was manually constructed to indicate
who might benefit from SMBG. The classification tree
example in online supplementary figure S3 can be inter-
preted as, ‘the mean starting HbAlc of tested patients
was no less than 8%, then if the follow-up period of
trials was short (no more than 6 months), then if
the tested patients from Asia, then if the patients is
newly diagnosed’. Unpaired t-tests were performed with
R software for two-group comparisons.

RESULTS

Study characteristics

A total of 1533 records were retrieved in accordance with
the specified search strategies from PubMed (n=246),
Web of Science (n=400), ScienceDirect (n=352),
Cochrane Library (n=234), Google Scholar (n=266) and
ClinicalTrials.gov (n=35). Following removal of duplicates,
683 records were screened, of which 50 were assessed for

eligibility. Finally, 15 records were included after full-text
assessment (see online supplementary table S1). Figure 1
shows the study selection process and the reasons for
exclusion. The 15 studies'*” > meeting the inclusion
criteria comprised a total of 3383 patients with
non-insulin-treated T2D. Among the 15 studies, 13
studies had HbAlc as their primary outcome and the
other two'® '” had HbAlc as a secondary outcome. A
total of 9'% 20 20 2931 3355 f the 15 studies were
two-armed trials comparing SMBG with usual care or no
SMBG, while 6 studies'® '° 1727 28 32 \ere three-armed
trials. Among the three-armed trials, three'® 2 %2 com-
pared SMBG and selfmonitoring of urine glucose
(SMUG) with usual care, two'” 27 compared less intensive
SMBG and more intensive SMBG with a control group,
and one'* compared fingertip SMBG and palm SMBG
with a control group.

Overall effects

A meta-analysis was performed on the primary outcome
measure of HbAlc and secondary outcome measures of
FPG, BMI, DBP, SBP, HDL, LDL, TG, TC, WC and body
weight (table 1). The SMBG group was shown to
perform better for HbAlc (MD —0.33; 95% CI —0.45 to
—0.22; p=3.0730e—8; n=18), BMI (—0.65; —1.18 to —0.12;
p=0.0164; n=9), TC (-0.12; —0.20 to —0.04; p=0.0034;
n=8) and WC (-2.22; —4.40 to —0.03; p=0.0474; n=5)
compared with the control group. There were no signifi-
cant differences with regard to FPG, DBP, SBP, HDL,
LDL, TG and weight between the SMBG and control
groups. Among the studies, significant heterogeneity was
found for HbAlc (I°=63%, p=0.0002), BMI (1*=89%,
p=0.0009), LDL (I°=89%, p=0.0009) and SBP (1*=65%,
p=0.0100). A forest plot of HbAlc is shown in figure 2 to
allow visual assessment of the heterogeneity.

Quality of RCTs and meta-analyses

Online supplementary figures S1 and S2 show the
quality of the included RCTs assessed by the Cochrane
Risk of Bias Tool. Almost 50% of the RCTs did not
provide adequate information about random sequence
generation, allocation concealment and selective report-
ing. All of the included studies had high risk of bias in
blinding of participants, because the participants could
not be blinded to the intervention, and only four RCTs
had low risk of bias in blinding of outcome assessment.
Other key aspects identified among the RCTs were
mostly low for risk of bias. Table 1 shows the evidence
quality of the meta-analyses evaluated by the GRADE cri-
teria. The overall quality of evidence for HbAlc was
moderate, with significant heterogeneity across studies
(I’=63%; p=0.0002; n=18). The quality of evidence for
FPG, TG and TC was rated as high.

Sensitivity analysis

A sensitivity analysis was performed on studies with
sample sizes of 100 or above to test the robustness of the
overall effects. As shown in table 2, there were minor
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Records excluded (n = 850):

Duplicates (n = 850)

Records excluded (n = 633):
Review (n=52)

Protocol (n = 20)
Insulin-treated T2D (n = 125)
Non RCTs (n =436)

Full-text articles excluded (n= 35):
Not actually randomized (n = 7)
Qualitative research (n =9)

Records identified (n = 1533):

5 Cochrane Library (n = 234)
= Web of Science (n =400)
é Google Scholar (n =266)
= Clinicaltrial.gov (n = 35)

5 ScienceDirect (n = 352)
= PubMed (n = 246)

=10l

=

o

§ Records after removal of
> duplicates (n = 683)

90]

£

=]

= Full-text articles assessed for
20 eligibility (n = 50)

=

=

3

=

% Studies included for meta-
E analysis (n = 15)

Figure 1

No report of data (n = 14)

Some patients using insulin (n = 2)

Letter without enough information (n= 1)
Control group also using SMBG (n = 2)

Flow chart of study selection. The process of study selection included literature search, abstract screening, eligibility

evaluation and study inclusion for meta-analysis. RCT, randomised controlled trial; SMBG, self-monitoring of blood glucose; T2D,

type 2 diabetes.

changes in the significance of SMBG for HbAlc, BMI,
TC and WC, indicating the robustness of the overall
effects. A forest plot of HbAlc is shown in figure 3.

Subgroup analyses

Subgroup analyses stratified trials according to geo-
graphical regions to examine the source of heterogen-
eity among the RCTs. The studies were divided into two
groups: one comprising study populations from Asian
countries (Asia group) and the other comprising study
populations from America and FEurope (America—
Europe group) (see online supplementary table S2).
SMBG significantly improved HbAlc levels and BMI
regardless of the groups. Subgroup analyses were also
performed on studies with follow-up periods of
12 months or more to test the long-term effects of
SMBG (see online supplementary Table S3), and studies
with follow-up periods of 6 months or less to test the
short-term effects. SMBG moderated HbAlc levels better

than the control group in the short term and long term,
while both interventions were equivalent in perform-
ance for all aspects except for BMI and TC. Subgroup
analyses based on history of diabetes (>12 months or
newly diagnosed) were also performed (see online sup-
plementary Table S4). The SMBG group outperformed
the control group for HbAlc, BMI and TC, indicating
that SMBG was effective in controlling blood glucose in
the later phase of diabetes. Only two trials with three
substudies were conducted in newly diagnosed patients,
and these were analysed in the Cochrane review.’

Adverse events

A total of 7 of the 15 studies reported adverse events. As
shown in online supplementary table S5, the most com-
monly reported adverse event was hypoglycaemia. The
incidence of hypoglycaemia was higher in the SMBG
group than in the control group, but the rate of hypogly-
caemic episodes per patient was higher in the control

Zhu H, et al. BMJ Open 2016;6:¢010524. doi:10.1136/bmjopen-2015-010524
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Table 1 Results of overall efficacy

Heterogeneity

Overall effect Quality of evidence

Pooled assessed by
Outcome Substudies (n) sample size 1> (%) p Value MD (95% Cl) p Value GRADE*
HbA1c 18 3383 63 0.0002 -0.33 (—0.45to0 —0.22) 3.0730e-8 @&DDS Moderate
FPG 3 1366 0 0.6739 -0.23 (-0.56t0 0.11)  0.1804 ®e®® High
BMI 9 1391 89 0.0009 -0.65(-1.18to —0.12) 0.0164 ®Pe6 Low
DBP 7 1740 59 0.0419 -0.86 (—2.21 t0 0.48) 0.2083 DHEOS Low
SBP 7 1740 65 0.0100 -1.08 (-3.46t01.29) 0.3710 SDDS Moderate
HDL 4 446 67 0.0175 0.04 (-0.07t0 0.14)  0.5257 SDP®S Moderate
LDL 3 384 89 0.0009 -0.13 (-0.66t0 0.39) 0.6140 SDP®S Moderate
TG 6 736 0 0.8983 0.02 (-0.15t0 0.20)  0.7990 ®e®® High
TC 8 1342 0 0.5220 -0.12 (-0.20 to —0.04) 0.0034 DeD® High
Weight 8 1814 0 0.9838 -0.29 (-0.62 to 0.05)  0.0958 SDHDOS Moderate
WC 5 513 0 0.4779 -2.22 (—4.40to —0.03) 0.0474 DD Moderate

*Grading of Recommendation, Assessment, Development, and Evaluation (GRADE).?'
BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, glycated haemoglobin; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; MD, mean difference; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; WC, waist

circumference.

SMBG The control Mean difference
Study Total Mean SD Total Mean SD . MD 95%-Cl W(fixed) W(random)
{:
Fontbonne A, 1989 68 -0.36 3.140 68 -0.50 1.540 —t——'— 0.14 [-0.69; 0.97] 0.6% 1.7%
Muchmore DB, 1994 12 -1.54 1430 11 -0.85 0.540 —*—%—— -0.69 [-1.56; 0.18] 0.5% 1.6%
Schwedes U, 2002 113 -1.00 1.080 110 -0.54 1.410 —— -0.46 [-0.79;-0.13] 3.7% 5.8%
Guerci B, 2003 345 -0.88 1.540 344 -0.60 1.540 —T'* -0.28 [-0.51;-0.05] 7.7% 7.7%
Davidson MB, 2005 43 -0.80 1.600 45 -0.60 2.100 —tT— -0.20 [-0.98; 0.58] 0.7% 1.9%
Barnett AH, 2008 311 -1.15 1.140 299 -0.91 1.290 —~— -0.24 [-0.43;-0.05] 10.8% 8.4%
O'Kane MJ, 2010 96 -1.90 1.590 88 -1.70 1.830 —*:—~—— -0.20 [-0.70; 0.30] 1.6% 3.7%
Farmer A, 2007 150 -0.14 0.820 152 0.00 1.020 Fnas -0.14 [-0.35; 0.07] 9.3% 8.1%
Farmer A1, 2007 151 -0.17 0.730 152 0.00 1.020 E—'— -0.17 [-0.37; 0.03] 10.2% 8.3%
Kleefstra N, 2010 22 -0.10 0.900 18 -0.10 0.800 ——— 0.00 [-0.53; 0.53] 1.5% 3.4%
Lu J, 2011 34 -1.50 1.189 33 -1.00 2.491 —*F* -0.50 [-1.44; 0.44] 0.5% 1.4%
Franciosi M, 2011 46 -1.30 0.678 16 -0.70 0.800 —+—E— -0.60 [-1.04;-0.16] 2.1% 4.3%
Harashima S, 2013 34 -0.23 0.583 41 0.31 0.448 — -0.54 [-0.78; -0.30] 7.1% 7.5%
Harashima S1, 2013 34 -0.16 0.349 41 0.31 0.448 —*—L -0.47 [-0.65;-0.29] 12.4% 8.7%
Kempf K, 2013 63 -0.50 1.400 61 -0.20 1.490 —— -0.30 [-0.81; 0.21] 1.6% 3.6%
Torre NG, 2013 65 -0.40 0470 65 0.10 0.550 —'— -0.50 [-0.68;-0.32] 13.1% 8.8%
Torre NG1, 2013 65 -0.60 0.550 65 0.10 0.550 - E -0.70 [-0.89;-0.51] 11.3% 8.5%
Malanda UL, 2015 60 -0.10 0.900 62 -0.20 0.600 { 0.10 [-0.17; 0.37] 5.5% 6.9%
Fixed effect model 1712 1671 <L? -0.36 [-0.42; -0.29] 100% -
Random effects model <> -0.33 [-0.45; -0.22] - 100%
Heterogeneity: I-sq d=62.3%, t: q d=0.0326, p=0.0002 :L
T T T T 1

-1.5

-1 056 0 05 1 15

Favors SMBG  Favors the control

Figure 2 Forest plot of HbA1c for overall effect, showing the mean differences between SMBG and the control with
corresponding 95% Cls in the individual studies. HbA1c, glycated haemoglobin; SMBG, self-monitoring of blood glucose.

group. A statistical analysis of adverse events was not per-
formed because the data available from the RCT reports
were insufficient in terms of quantity.

Publication bias

Funnel plots of the outcomes for HbAlc, FPG, BMI,
DBP, SBP, HDL and LDL showed various levels of
asymmetries across the studies, indicating possible

publication bias. Begg’s rank correlation test and
Egger’s regression test detected moderate publication
bias for BMI (see online supplementary table S6).
The results of the funnel plots, Egger’s test and
Begg’s test are not presented in the main text,
because they are not recommended for fewer than 10
studies based on a high risk of inaccurate
interpretation.

Zhu H, et al. BMJ Open 2016;6:6010524. doi:10.1136/bmjopen-2015-010524
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Table 2 Sensitivity analysis on studies with sample sizes of 100 or above

Heterogeneity Overall effect

Outcome Substudies (n) Pooled sample size 12 (%) p Value MD (95% CI) p Value
HbA1c 11 2953 72 <0.0001 —0.29 (-0.44 to —0.14) 0.0001
FPG 2 1299 0 0.4186 —0.21 (-0.56 to 0.14) 0.2384
BMI 6 1174 97 0.0025 —0.89 (—1.88 to 0.09) 0.0757
DBP 6 1678 65 0.0269 —0.82 (—2.24 t0 0.61) 0.2628
SBP 7 1740 65 0.0100 —1.08 (—3.46 to 1.29) 0.3710
HDL 3 384 79 0.0066 0.04 (-0.11 t0 0.18) 0.6268
LDL 3 384 89 0.0009 —0.13 (-0.66 to 0.39) 0.6140
TG 4 607 0 0.6740 0.03 (-0.15 to 0.21) 0.7529
TC 6 1213 7 0.3190 —0.11 (=0.21 to —0.01) 0.0254
Weight 5 1641 0 0.9447 —0.28 (-0.62 to 0.07) 0.1172
WC 3 384 13 0.2934 —3.15 (-6.46 t0 0.17) 0.0630

BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, glycated haemoglobin; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; MD, mean difference; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; WC, waist

circumference.

Mean difference

SMBG The control
Study Total Mean SD Total Mean SD . MD 95%-Cl W(fixed) W(random)
[N
Farmer A, 2007 150 -0.14 0.82 152 0.00 1.02 E—O—- -0.14 [-0.35; 0.07] 12.4% 11.1%
Farmer A1, 2007 151 -0.17 0.73 152 0.00 1.02 -:r'—t— -0.17 [-0.37; 0.03] 13.5% 11.3%
Barnett AH, 2008 311 -1.15 1.14 299 -0.91 1.29 . -0.24 [-0.43;-0.05] 14.4% 11.5%
Kempf K, 2013 63 -0.50 1.40 61 -0.20 1.49 —'0——— -0.30 [-0.81; 0.21] 2.1% 5.5%
O'Kane MJ, 2010 96 -1.90 1.59 88 -1.70 1.83 —:H——— -0.20 [-0.70; 0.30] 2.2% 5.6%
Torre NG, 2013 65 -0.40 047 65 0.10 0.55 — -0.50 [-0.68;-0.32] 17.4% 11.9%
Torre NG1, 2013 65 -0.60 0.55 65 0.10 0.55 —+— E -0.70 [-0.89;-0.51] 15.0% 11.6%
Schwedes U, 2002 113 -1.00 1.08 110 -0.54 1.41 ——*—:—— -0.46 [-0.79;-0.13] 4.9% 8.5%
Guerci B, 2003 345 -0.88 1.54 344 -0.60 1.54 ——0— -0.28 [-0.51;-0.05] 10.2% 10.7%
Fontbonne A, 1989 68 -0.36 3.14 68 -0.50 1.54 : 0.14 [-0.69; 0.97] 0.8% 2.7%
Malanda UL, 2015 60 -0.10 0.90 62 -0.20 0.60 §—E— 0.10 [-0.17; 0.37] 7.2% 9.7%
:
Fixed effect model 1487 1466 <I> -0.32 [-0.39; -0.25] 100% -
Random effects model <> -0.29 [-0.44; -0.13] - 100%
Heterogeneity: I-squared=72.7%, tau-squared=0.0425, p<0.0001 :
.

-0.5 0] 0.5
Favors SMBG

Favors the control

Figure 3 Forest plot of HbA1c for sensitivity analysis, showing the mean differences between SMBG and the control with
corresponding 95% Cls in the individual studies whose sample sizes were bigger than 99. HbA1c, glycated haemoglobin; SMBG,

self-monitoring of blood glucose.

Metaregression

SMBG performed better for HbAlc than the control
under all tested conditions, and better for BMI and TC
under most of the tested conditions but with hetero-
geneity. Therefore, a metaregression was performed to
analyse the relationships between these three out-
comes and the study characteristics (including sample
size, publication year, history of diabetes and
follow-up) and test the source of the heterogeneity. As
shown in table 3, there seemed to have significant rela-
tionships between BMI and history of diabetes, and
between BMI and follow-up period. There was also a
statistically significant association between history of
diabetes and HbAlc.

DISCUSSION

The present meta-analysis included 15 RCTs, comprising
3383 participants, to assess the effectiveness of SMBG in
patients with non-insulin-treated T2D with the primary
outcome of HbAIlc levels. A sensitivity analysis on
sample size and subgroup analyses on geographical
region and SMBG history were also performed, together
with assessment of the associations of ethnicity and
living environment with SMBG, because significant effi-
cacy and safety differences were previously observed
among racial/ethnic groups in the DURABLE trial.'®
Various clinical indices, including SBP, DBP, body
weight, BMI, TG, TC and WC, were also analysed and
reported for the first time in this study. A comparison of
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Table 3 Metaregression analysis of the relationship between outcomes and characteristics of RCTs

Outcome Substudies (n) Factor Coefficient z p Value
HbA1c 18 Sample size 0.0004 1.0535 0.2921
History of diabetes 0.2559 2.0006 0.0454
Follow-up —0.0081 —1.5508 0.1210
Publication year —0.0079 —0.6481 0.5169
BMI 9 Sample size 0.0034 1.1169 0.2640
History of diabetes 1.9653 3.4234 0.0006
Follow-up —0.0705 —2.3762 0.0175
Publication year —0.1805 —1.4780 0.1394
TC 8 Sample size —0.0001 -0.3244 0.7456
History of Diabetes —0.0249 -0.2167 0.8284
Follow-up 0.0011 0.2634 0.7923
Publication year —0.0021 —1.2347 0.2169

BMI, body mass index; HbA1c, glycated haemoglobin; TC, total cholesterol.

the RCTs included in this meta-analysis with those
included in some previous meta-analyses is presented
(see online supplementary table S7).

The results for overall effects suggested that use of
SMBG by patients with non-insulin-treated T2D led to a
significant reduction in HbAlc levels (MD —0.33; 95%
CI -0.45 to —0.22; p=3.0730e-8; n=18), which is consist-
ent with previous systematic reviews.” '* '* The sensitivity
analysis of studies with large sample sizes showed that
SMBG could help reduce HbAlc levels in a robust
manner. The subgroup analysis of geographical regions
revealed that significant decreases in HbAlc levels were
observed in the Asia and America—Europe groups.
SMBG improved the HbAlc levels in the short term (<6
months), but also had long-term effects (>12-month
follow-up), being different from the Cochrane review.’
Significant reductions in HbAlc levels were also found
in newly diagnosed patients and patients with diabetes
for more than 12 months, indicating that SMBG seemed
to benefit patients with T2D regardless of diabetes dur-
ation. The quality of evidence for HbAlc was rated as
moderate, which was the same as the last Cochrane
review.” The factors influencing the evidence quality
mainly appeared to be small effect size and significant
heterogeneity in this meta-analysis.

In addition to HbAlc, significant reductions in several
clinical indices, including BMI, TC and WC, were found
in various analyses, indicating that SMBG does not
simply function as a monitoring tool, but forms a com-
ponent of a complex intervention capable of improving
overall glycaemic control. Despite BMI and TC being
the only clinical indices to show significant reductions
following SMBG in patients diagnosed with T2D for over
12 months, the present results suggest that SMBG may
have long-term effects on the control of BMI and TC in
patients with T2D. Reductions in BMI and TC were also
observed in other subgroup and sensitivity analyses. The
reductions ranged from —0.87 to —0.24 for BMI and
from —0.12 to —0.11 mmol/L for TC, indicating that
SMBG might be useful for obese patients. Although
SMBG was helpful for BMI, the evidence quality for BMI

was low, and moderate publication bias was also
observed. Thus, more RCTs are warranted for the effect
of SMBG on BMI. Any observed reductions in the
remaining indices had no clinical significance, in agree-
ment with the findings of Farmer et al*’

The above-discussed evidence indicates that SMBG
helped to improve glycaemic control, but under a single
specific test condition. Thus, combinations of two or
more test conditions are required to address the issue of
what type of patient under what kind of intervention
would achieve improvement of glycaemic control by
SMBG. A classification tree method was adopted to show
the influence of baseline HbAlc, follow-up period, geo-
graphical region and diabetes duration on SMBG. As
shown in online supplementary figure S3, SMBG
improved glycaemic control regardless of baseline
HbAlc, while SMBG was significantly more effective in
control patients with lower HbAlc (<8%) than in those
with higher HbAlc (>8%). Among the patients with
lower HbAlc, SMBG improved glycaemic control in the
short term and long term, and performed better in the
former. Furthermore, SMBG might have long-term effects
in the improvement of glycaemic control in newly diag-
nosed patients with T2D with lower HbAlc. All of the evi-
dence shown in online supplementary figure S3 indicates
that SMBG has a shortterm effect in T2D, and that a clin-
ically significant change in the long term is only observed
in newly diagnosed patients with T2D with lower HbAlc.

Compared with the last Cochrane review,” there are
several differences. First, RCTs involving comparisons
between SMBG and SMUG (as a control) or between
SMUG and usual care (SMUG as an intervention) were
not included in the present study, because SMBG was
preferred for perceived accuracy and usefulness,'’ and
SMUG was associated with renal glucose threshold, com-
bined diseases and drugs, which would not allow us to
distinguish among hypoglycaemia, normoglycaemia and
mild hyperglycaemia. Second, in our analysis, SMBG was
significantly better than usual care in the short term and
long term, while SMBG was better in the short term in
the last Cochrane review.”
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There are several limitations to this meta-analysis.
First, the sample sizes in some of the included studies
were too small to confidently exclude a difference in
response in the reduction of HbAlc and clinical indices
between the SMBG and control groups, and this might
be a source of heterogeneity. Second, the heterogenei-
ties of the pooled effect sizes on HbAlc were high, and
according to previous reviews® ' and the RCTs included
in this meta-analysis, the most important heterogeneities
might arise through the intensity of education, interven-
tion components coupled to SMBG and frequency of
SMBG testing. Third, there were no properly collected
data for a statistical analysis of adverse events and eco-
nomic assessment. Fourth, potential synonyms for SMBG
and diabetes were not included in the strategy, and
EMBASE was not searched, which may have led to rele-
vant papers being missed and possible publication bias.
Finally, although SMBG did not achieve the 0.5% reduc-
tion in HbAlc deemed a clinically significant change,"’
it significantly reduced the HbAlc level under all tested
conditions. Last, the present evidence warrants further
research, because some outcome measures were reported
by fewer studies and the potential associations among the
outcome measures remain unclear.

CONCLUSION

In patients with T2D who were not using insulin, SMBG
improved the HbAlc level in the short term and long
term.
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