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ABSTRACT

Objectives This study aimed to investigate the efficacy of
providing education on injection technique to patients with
diabetes with lipohypertrophy (LH).

Design We conducted a systematic review and meta-
analysis.

Methods We included patients with diabetes who use insulin
and have LH, and excluded patients without LH. We performed
a literature search on CENTRAL, MEDLINE, EMBASE, ICTRP
and ClinicalTrials.gov in November 2021 for randomised
controlled trials (RCTs). We used the revised Cochrane Risk of
Bias 2 tool to evaluate the risk of bias in each outcome in each
study. We then pooled the data using a random-effects model
and evaluated the certainty of evidence using the Grading of
Recommendations, Assessment, Development and Evaluation
approach.

Outcome measures The primary endpoints were change in
total daily dose (TDD) of insulin, change in HbA1c levels and
prevalence of hypoglycaemia.

Results We screened 580 records and included three RCTs
(637 participants) in the meta-analysis. Education on injection
technique may slightly increase the change of TDD of insulin
(three studies, 637 participants: mean difference (MD) —6.26;
95% Cl —9.42 to —3.10; p<0.001; I>=38%:; low certainty of
evidence) and may have little to no effect on change in HbA1c
but the evidence is very uncertain compared with that in the
control group (three studies, 637 participants: MD —0.59;
95% Cl —1.71 to 0.54; p=0.31; [>=98%; very low certainty of
evidence). Providing education about injection technique may
have little to no effect on the prevalence of hypoglycaemia
(three studies, 637 participants: risk ratio 0.44; 95% CI 0.06 to
3.13; p=0.41; I>=90%; very low certainty of evidence).
Conclusions The present meta-analysis suggests that
injection technique education may result in a slight
reduction in the TDD of insulin. However, the effect of
education on HbA1c, hypoglycaemia and cured LH is
uncertain.

Protocol registration DOI: dx.doi.org/10.17504/protocols.
io.btiinkce

INTRODUCTION

There has been a continuous increase in the
number of patients with diabetes worldwide,
and diabetes has become a major public
health problem, with 4.2 million adults

,! Tomoaki Akiyama,' Yasushi Tsujimoto,? Keisuke Anan,?

Strengths and limitations of this study

» We conducted a comprehensive search and sum-
marised the evidence for the effects of injection
technique education.

» We used a prospective registered protocol, fol-
lowed the Cochrane Handbook and Grading of
Recommendations, Assessment, Development and
Evaluation, selected a rigorous methodology and
adhered to the reporting guidelines.

» The limitation of this study was the fact that we did
not have sufficient data to perform a subgroup anal-
ysis and could not evaluate the long-term effects of
education on injection technique.

estimated to die due to diabetes and its
complications." The number of patients with
diabetes is expected to increase to 700 million
by 2045." Blood glucose control is important
to prevent the complications of diabetes,
and insulin therapy plays a key role in regu-
lating blood glucose level in patients.” Insulin
therapy is necessary for type 1 diabetes and
type 2 diabetes and is estimated to be used in
7.5% of patients with type 2 diabetes.” Lipo-
hypertrophy (LH), a side effect of long-term
insulin injection, has been reported in 38%
of patients with diabetes.* LH is caused by the
thickening of adipose tissue localised to the
site of insulin injection.”®

Patients with LH face insulin variability
because both insulin absorption and action
become slow.* 78 Moreover, the risk of unex-
pected hypoglycaemia has been noted in
patients with LH.” Previous studies have
suggested that providing proper education
on injection techniques (IT) may reduce
HbAlc levels and/or total daily dose (TDD)
of insulin.”" IT education includes rotating
the injection sites properly, avoiding needle
reuse and avoiding injecting into the site of
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LH.’ It is also recommended to use a 4 mm long needle
to avoid injection into the muscle.” **

To the best of our knowledge, there has been no
systematic investigation on the effects of providing educa-
tion about IT on the TDD of insulin, HbAlc levels and
hypoglycaemia in patients with diabetes with LH. There-
fore, we aimed to perform a systematic review and meta-
analysis to determine the efficacy of providing education
on the IT to patients with diabetes with LH.

METHODS
Eligibility criteria
We conducted this systematic review in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines,'” and the checklist is shown in
the online supplemental table S1. We conducted a system-
atic review investigating the effects of IT on patients with
type 1 or type 2 diabetes who use insulin and have LH, and
included individual, cluster and cross-over randomised
trials. We did not limit the inclusion to languages or coun-
tries. We included published and unpublished papers,
conference abstracts, letters and all other types of papers.
We excluded observational studies and non-randomised
controlled trials (RCTs). We did not exclude studies
because of the observation period or year of publication.
We included patients with type 1 or type 2 diabetes
who had been receiving insulin injections for at least 1
year, with LH, 18 years old and above, any sex, no HbAlc
restriction and no education about LH within the past
6 months. LH diagnosis was made by a physician, nurse

or investigators when it was clinically visible, palpable or
visible on ultrasound.* We accepted any number of insulin
injections per day or needle size for insulin injections.

We excluded pregnant women, patients who wished to
become pregnant, lactating women and patients taking
medications that may cause LH (antiretroviral or cortico-
steroid therapy).

Information sources

Search strategy

We searched the Cochrane Central Register of Controlled
Trials (CENTRAL), MEDLINE using PubMed and
EMBASE using ProQuest Dialog on 11 November 2021.
We also searched the WHO International Clinical Trials
Registry Platform (ICTRP) Search Portal and Clinical-
Trials.gov on 11 November 2021 for ongoing or unpub-
lished trials. The search strategies are presented in the
online supplemental table S2. We checked the reference
lists of the studies, including international guidelines,
and identified the reference lists of eligible studies and
articles citing eligible studies.

Selection process

Two independent reviewers (MI and TA) screened the
titles and abstracts, followed by an assessment of eligibility
based on the full texts. We contacted the original authors
if the relevant data were missing. Disagreements between
the two reviewers were resolved by discussion, and if this
was not possible, a third reviewer (YTs or KA) became an
arbiter.

Data collection process

Two reviewers (MI and TA) independently extracted data
from included studies using a standardised data collection
form. Disagreements were resolved by discussion, and if
this was not possible, a third reviewer (YTs or KA) became
an arbiter. We conducted up to two author queries by
emalil to obtain the relevant data from the researchers.

Data items

The primary endpoints were changes in insulin TDD and
HbAlc levels, and the prevalence of hypoglycaemia. The
change in insulin TDD was defined as the change in TDD
from baseline, and the duration was the longest follow-up
period after 3 months. The change in HbAlc levels was
defined as the change in HbAlc from baseline, and the
duration was the longest follow-up period after 3 months.
Hypoglycaemia was defined as one or more hypogly-
caemic symptoms (palpitations, fatigue, sweating, strong
hunger, dizziness, tremors, etc) and a blood glucose
level below 60 mg/dL.” We accepted hypoglycaemia as
defined by the original authors. Duration was the longest
follow-up period after 3 months. The secondary endpoints
were changes in the proportion of patients with cured LH
and all adverse events. The definition of change in the
proportion of patients with cured LH was the same as that
of the original paper, and the duration was the longest
follow-up period after 3 months. All adverse events were
the same as those defined in the original study.
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Table 1 Characteristics of the included studies

Study Methods

Subject characteristics

Intervention details

Reported outcome of
interest

Campinos et Location: France

al'® Sample size: 123
Detection method
of LH: visible and/

or palpable LH

determined by nurses

l13

Chen et a Location: China

Sample size: 210
Detection method
of LH: visible and/

or palpable LH

determined by nurses

and ultrasound
examination

Gentile et
al 21

Location: ltaly

and palpation
by healthcare

Sample size: 318
Detection method
of LH: inspection

Age (years): 52.8+15.1 (IT),
51.4+16.4 (C)

Male (%): 70.7

Number of TIDM/T2DM
individuals: 66/57
Estimated diabetes duration
(years): 19.8+11.5 (IT),
16.3+9.2 (C)

Insulin treatment duration
(years): 14.8+12.8 (IT),
12.5+10 (C)

Age (years): 59+7 (IT), 60+9
(©)

Male (%): 46.7

Number of TIDM/T2DM
individuals: N/A

Estimated diabetes duration
(years): 14.4+5.8 (IT),
16.8+7.6 (C)

Insulin treatment duration
(years): 6.9+4.7 (IT), 7.1£5.4
(©)

Age (years): 61+10 (IT), 63+12
(©)

Male (%): 44.0

Number of TIDM/T2DM
individuals: 0/318
Estimated diabetes duration

IT: reducing insulin doses
initially by 20%, instructing
to rotate within injection
sites, foregoing needle reuse,
stopping injecting into the LH
site and switching to 4 mm
needles.

C: standard care. All
participants received
information about optimal IT
and LH at baseline.

IT: reducing insulin doses
initially by 20%, instructing
to rotate within injection
sites, foregoing needle reuse,
stopping injecting into the LH
site and switching to 4 mm
needles.

C: standard care.

IT: reducing insulin doses
initially by 20%, repeatedly
instructing to rotate within

injection sites, foregoing needle

reuse and stopping injecting
into the LH site. Change to 4

Change in TDD of insulin
from baseline.

Change in HbA1c levels
from baseline.
Hypoglycaemia.

Change in the proportion
of patients with cured
LH.

All adverse events.

Change in TDD of insulin
from baseline.

Change in HbA1c levels
from baseline.
Hypoglycaemia.

Change in the proportion
of patients with cured
LH.

All adverse events.

Change in TDD of insulin
from baseline.

Change in HbA1c levels
from baseline.
Hypoglycaemia.

All adverse events.

professionals and (years): 11.6+9.8 (IT),
ultrasound-based skin 11.3+5.7 (C)
evaluations

©)

Insulin treatment duration
(years): 6.5+9.3 (IT), 6.7+7.2

mm needles 6 months before
randomisation. Insulin titration.
C: reducing insulin doses
initially by 20%, at the first
session instructing to rotate
within injection sites, foregoing
needle reuse and stopping
injecting into the LH site.
Change to 4 mm needles 6
months before randomisation.
Insulin titration.

C, control group; HbA1c, haemoglobin A1c; IT, injection technique education group; LH, lipohypertrophy; N/A, not available; TDD, total daily

dose; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.

The data collecting form included information on
the first author’s name, year of publication, country,
sample size, proportion of male participants, mean age of
participants, number of participants with type 1 diabetes
mellitus (TIDM) /type 2 diabetes mellitus (T2DM), esti-
mated diabetes duration, mean duration of insulin treat-
ment, intervention details, detection methods of LH and
the outcome measures mentioned above. We asked the
authors of the original papers for unpublished or addi-
tional data and obtained research data for ref 13 but not
for ref 12.

Study risk of bias assessment

Two reviewers (MI and TA) independently assessed the
risk of bias using the Risk of Bias 2 (RoB2) tool.'® The

effect of interest is the intention-to-treat effect, which is
the effect assigned to the interventions at baseline, regard-
less of whether or not the intervention was received as
intended. Disagreements between the two reviewers were
discussed, and if this was not possible, a third reviewer
(YTs or KA) became an arbiter.

Effect measures
We pooled the relative risk ratios (RR) and 95% ClIs
for the following binary variables: hypoglycaemia and
proportion of patients with cured LH. We pooled the
mean differences (MD) and 95% CIs for the following
continuous variables: HbAlc and TDD of insulin.

We extracted the data on an intention-to-treat basis for
all dichotomous data whenever possible. For continuous
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Domains:
D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention. . High
D3: Bias due to missing outcome data. - Some concerns
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D5: Bias in selection of the reported result.
Figure 2 Risk of bias evaluation for each outcome. The risk
of bias was assessed using the Cochrane risk of bias tool for
randomised trials. LH, lipohypertrophy; TDD, total daily dose.

Judgement

data, we did not impute missing data based on the recom-
mendation of the Cochrane Handbook."” We performed
a meta-analysis of the data available in the original study.

When the original studies reported only SEs or p
values, we used Altman’s method to calculate the SD."™
When these values were not available after enquiring

the authors, we calculated the SDs using Cls and t-values
based on the methods in the Cochrane Handbook'” or
validated methods.”® We analysed the validity of these
methods using sensitivity analysis.

Statistical analyses

We used Review Manager software (RevMan V.5.4; The
Nordic Cochrane Centre, The Cochrane Collaboration,
Copenhagen, Denmark) to conduct a meta-analysis using
the DerSimonian and Laird random-effects method. We
assessed statistical heterogeneity by visual inspection of
the forest plots and calculation of I* statistic (I* values
of 0%-40%: might not be important; 30%-60%: may
represent moderate heterogeneity; 50%-90%: may repre-
sent substantial heterogeneity; 75%-100%: considerable
heterogeneity). For the I” statistic, we performed the
Cochrane y* test (Q test) and considered it statistically
significant if the p value was <0.10.

Certainty assessment
Based on the Cochrane Handbook,17 we created a
summary of findings (SoF) table for the results of
changes in the insulin TDD, changes in HbAlc levels and
the prevalence of hypoglycaemia. A SoF table contained
important information on the relative and absolute effect
sizes of the interventions investigated, the amount of avail-
able evidence and the certainty of available evidence.'”
We assessed the quality of evidence for each outcome
based on the Grading of Recommendations, Assess-
ment, Development and Evaluation (GRADE) method."

Table 2 Summary of findings comparing indicated outcomes between injection technique education and standard care

lllustrative comparative risks* (95% Cl) Quality of
Relative effect Number of evidence

Outcomes Assumed risk—C Corresponding risk—IT (95% CI) participants (studies) (GRADE)
Change in TDD of insulin Mean change in the TDD  Mean change in the TDD 637 (3) Lowtt

of insulin in the C group of insulin in the IT group

was was 6.26 lower (9.42

-3.12t0 -0.9. lower to 3.10 lower).
Change in HbA1c level  Mean change in HbA1c Mean change in HbA1c 637 (3) Very lowt1§

level in the C group was  level in the IT group was

-0.55t0 0.1. 0.59 lower (1.71 lower to

0.54 higher).

Prevalence of 162/319 (50.8%) 21/318 (6.60%) RR 0.44 637 (3) Very lowt8§1l

hypoglycaemia

(0.06 to 3.13)

Patient or population: patients with type 1 diabetes or type 2 diabetes who use insulin and have LH.

Setting: outpatient.
Intervention: injection technique education.
Comparison: standard care.

GRADE Working Group grades of evidence: High quality: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate quality: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a
possibility that it is substantially different. Low quality: our confidence in the effect estimate is limited: the true effect may be substantially different
from the estimate of the effect. Very low quality: we have very little confidence in the effect estimate: the true effect is likely to be substantially

different from the estimate of effect.

*Corresponding risk (and 95% CI) are based on assumed risks in the control group and relative risks (and 95% ClI) of the intervention.

TDue to serious risk of bias.

FDue to serious imprecision. The sample size did not meet the optimal size criterion.

§Due to serious inconsistency.

fDue to very serious imprecision. The sample size did not meet the optimal size criterion, and the 95% Cl was wide.
C, control; GRADE, Grading of Recommendations, Assessment, Development and Evaluation; HbA1c, haemoglobin A1c; IT, injection technique; LH,

lipohypertrophy; RR, risk ratio; TDD, total daily dose.
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A
Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Campinos 2017 -5.02 16.9065 53 -3.12 16.9902 56  19.0% -1.90 [-8.27, 4.47] — =&
Chen 2021 -6.8 191 106 -0.9 17 104 27.8% -5.90[-10.79, -1.01] —
Gentile 2021 46 9 159 54 14 159 53.2% -8.00[-10.59, -5.41] -
Total (95% Cl) 318 319 100.0%  -6.26 [-9.42, -3.10] -
Heterogeneity: Tau? = 3.14; Chiz = 3.23, df = 2 (P = 0.20); I = 38% _210 - 1 g . 1=0 230
Test for overall effect: Z = 3.88 (P = 0.0001) Favours [experimental] Favours [control]
B
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Campinos 2017 -05 1.41 53 -0.54 1.42 56 32.0% 0.04 [-0.49, 0.57]
Chen 2021 -0.71 099 106 -0.55 0.98 104 33.9% -0.16 [-0.43, 0.11]
Gentile 2021 66 09 159 8.2 1 159 34.1% -1.60 [-1.81, -1.39] -
Total (95% CI) 318 319 100.0% -0.59 [-1.71, 0.54]
Heterogeneity: Tau? = 0.96; Chi? = 84.21, df = 2 (P < 0.00001); I2 = 98% 4 2 i 2 j‘

Test for overall effect: Z=1.02 (P = 0.31)

Favours [experimental] Favours [control]

C
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Campinos 2017 5 53 8 56 35.5% 0.66 [0.23, 1.89] — &
Chen 2021 3 106 1 104 26.0% 2.94 [0.31, 27.84] =
Gentile 2021 13 159 153 159 38.5% 0.08 [0.05, 0.14] —a—
Total (95% ClI) 318 319 100.0% 0.44 [0.06, 3.13] e
Total events 21 162
Heterogeneity: Tau? = 2.52; Chi* = 19.11, df = 2 (P < 0.0001); I> = 90% '0.01 Of1 ] 1'0 100'

Test for overall effect: Z=0.82 (P = 0.41)

Favours [experimental] Favours [control]

D
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Campinos 2017 14 53 11 56 48.7% 1.34 [0.67, 2.69]
Chen 2021 15 106 14 104 51.3% 1.05 [0.53, 2.07]
Total (95% CI) 159 160 100.0% 1.19[0.73, 1.92]
Total events 29 25

Heterogeneity: Tau? = 0.00; Chi? = 0.25, df =1 (P = 0.62); I = 0%
Test for overall effect: Z =0.69 (P = 0.49)

100

.
t
10
Favours [control]

k t T
0.01 0.1 1
Favours [experimental]

Figure 3 Forest plots of primary and secondary outcomes. (A) Change in total daily dose of insulin. (B) Change in HbA1c
levels. (C) Prevalence of hypoglycaemia. (D) Change in the proportion of patients with cured lipohypertrophy (LH).

GRADE specifies four categories, namely high, moderate,
low and very low, which are applied to accumulating
evidence. Evidence from randomised trials starts with
high certainty of evidence and can be downgraded by five
domains: risk of bias, imprecision, inconsistency, indirect-
ness and publication bias.

Difference between a protocol and a review

The duration of hypoglycaemia was defined as the
follow-up period, but as it was reported in terms of the
number of patients who had hypoglycaemia, the duration
was defined as the longest follow-up after 3 months. We
could not summarise all adverse events because there
were few reports other than hypoglycaemia. To clarify
the influence of effect modifiers on the results, subgroup
analyses of the primary outcome were planned to be eval-
uated with the following factors when sufficient data were

available: age (<65 years vs 265 years), baseline HbAlc
level of <8% vs 28%,20 sex and IT protocol with or without
initial insulin-level reduction.

We also planned to conduct the following sensitivity
analyses on the primary outcomes to assess whether the
results of the review were robust to the decisions made
during the review process: exclusion of studies with
imputed statistics, and exclusion of studies with an overall
high risk of bias. We could not perform a predetermined
subgroup analysis and sensitivity analysis because of insuf-
ficient data.

We planned to assess the possibility of publication
bias by visually inspecting the funnel plots and testing
the Egger’s test. If there were fewer than 10 trials or
trials with similar sample sizes, then we decided not to
perform the test. We could not perform the Egger’s test

Ichikawa M, et al. BMJ Open 2022;12:¢055529. doi:10.1136/bmjopen-2021-055529
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for reporting bias detection because there were fewer
than 10 trials.

Patient and public involvement
As this was a systematic review, patients or the public were
not involved in our research.

RESULTS

Study selection

We performed the search in November 2021 and
found 580 records; after duplicates were removed, 550
records were screened for titles and abstracts. Nine
full-text records were assessed for eligibility. Six studies
were excluded, and the reasons were as follows: five for
including the wrong population and one for using the
wrong design. Details of the excluded studies are shown
in the online supplemental table S3. Finally, we included
three RCTs that met the eligibility criteria (figure 1).'#'?%!

Study characteristics

Table 1 presents the characteristics of the three included
studies conducted in France, China and Italy. In the
French study, the number of individuals with TIDM/
T2DM was 66/57, and in the Italian study, it was 0/318.
In the Chinese study, there were fewer than seven patients
with TIDM, but the exact number of patients with
TIDM/T2DM could not be obtained despite inquiries.
In the French study, all participants received information
about optimal IT and LH at baseline for ethical reasons.
In the Italian study, the proportion of cured LH was not
reported.

Risk of bias in the studies

Figure 2 shows the RoB2 result: in two of three RCTs,
domain 2 (bias due to deviations from the intended inter-
vention) and/or domain 3 (bias due to missing outcome
data) were at high risk, and the overall risk of bias was
high.

1213

Outcome and certainty of evidence

Table 2 shows a summary of these findings. Figure 3
shows a forest plot. Compared with standard care, IT
slightly increased the change in TDD of insulin (three
studies, 637 participants: MD -6.26; 95% CI -9.42 to
-8.10; p<0.001; I°=88%; low certainty of evidence). The
certainty of evidence was low because of serious risk of
bias and imprecision. Compared with standard care, IT
may increase little to no effect on the change in HbAlc
levels but the evidence is very uncertain (three studies,
637 participants: MD —0.59; 95% CI -1.71 to 0.54; p=0.31;
1*=98%:; very low certainty of evidence). The certainty
of evidence was very low because of serious risk of bias,
imprecision and inconsistency.

The evidence is very uncertain about the effect of
insulin IT on the prevalence of hypoglycaemia (three
studies, 637 participants: RR 0.44; 95% CI 0.06 to 3.13;
p=0.41; I’=90%; very low certainty of evidence). The very
low certainty of evidence was due to the serious risk of

bias and inconsistency and the very serious imprecision.
The evidence is very uncertain about the prevalence of
cured LH compared with the control group (two studies,
319 participants: RR 1.19; 95% CI 0.73 to 1.92; p=0.49;
’=0%; very low certainty of evidence). The very low
certainty of evidence was due to the serious risk of bias
and very serious imprecision.

DISCUSSION

The present study showed that IT may result in a slight
reduction in the TDD of insulin. The evidence is very
uncertain about the effect of insulin IT on the change
in HbAlc levels, the prevalence of hypoglycaemia and
the prevalence of cured LH compared with those in
the control group. To the best of our knowledge, this is
the first systematic review and meta-analysis to study the
effects of insulin IT in comparison with standard care for
patients with diabetes with LH.

The results of the present study were partly consistent
with those of previous observational studies, which found
that I'T was associated with changes in TDD of insulin and
HbAlc levels.” ' These previous observational studies
reported that IT decreased the TDD of insulin and HbAlc
levels in patients with diabetes on insulin injection. Our
meta-analysis of randomised trials showed similar results
of TDD of insulin. Meanwhile, the results of the present
study did not show a decrease in HbAlc levels, but this
might be due to the fact that the three studies included
were initially conducted with up to 20% reduction in
TDD of insulin to prevent hypoglycaemia.

Excessive exogenous insulin can be harmful, and it
is important to reduce the TDD of insulin to prevent
adverse events. Excessive exogenous insulin adminis-
tration has been reported to be associated with adverse
events such as hypoglycaemia, weight gain and increased
cardiovascular events and mortality.”* ** A meta-analysis in
patients with type 1 diabetes integrated aerobic-only inter-
vention studies in adults, and multiple types of exercise
interventions, including aerobic and anaerobic, in 12-18
year-olds. The results showed a reduction of 0.21 U/kg in
TDD of insulin.** The present study showed a decrease
in insulin TDD of 6.26 U/day with improved pharmaco-
kinetics/pharmacodynamics by IT education. Therefore,
although the effects obtained by exercise interventions,
which have different mechanism, showed greater results,
IT education may be effective in avoiding excessive doses
of insulin.

The certainty of evidence in the present study was low
or very low. In one included study,”” a portion of the
control group was shifted to the ideal injection method,
which contributed to the effect of high risk of bias due to
deviation from the intended intervention. In the other
two studies, some of the control group was shifted to the
ideal injection method.'**' Despite the fact that some of
the control group shifted to the ideal injection method,
the present study showed a slight reduction in the TDD
of insulin, which underestimates the effect. In fact, the
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effect may be even greater. In two of three studies,'”

the bias due to missing outcome data for the continuous
variable outcome was high because the missing value was
greater than 5%. The bias due to missing outcome data
for the binary variable outcome was low or high for the
frequency of outcome and number of missing outcomes.
The registration of the prevalence of hypoglycaemia in
ClinicalTrials.gov mentions only a timeframe of 6 months,
but because the prevalence of hypoglycaemia was counted
at 3 and 6 months, we considered the bias in the selection
of the ref 12 as high. The other reason for lowering the
GRADE is imprecision, because only three studies were
included, and the sample size was small. In the future,
more studies with sufficient sample sizes are needed.

The strengths of this study are that we conducted a
comprehensive search and summarised the evidence for
the effects of IT, used a prospective registered protocol,
followed the Cochrane Handbook and GRADE, selected
a rigorous methodology and adhered to reporting
guidelines.

However, this study had several limitations. First, as
described above, we could not have enough data to
conduct subgroup analyses and assess publication bias. It
was not plausible for publication bias to affect our find-
ings because our comprehensive search did not show
any ongoing or unpublished studies. Second, the gener-
alisability of our findings is limited. For example, the
included studies tended to recruit middle-aged, obese and
patients with type 2 diabetes, and measured the outcomes
at 6 months. However, a cross-over study limited to type
1 diabetes individuals has shown that injections adminis-
tered at sites away from the LH improved insulin absorp-
tion and reduced glycaemic variability compared with
injections administered at the LH.® Previous studies have
also shown the efficacy of optimised IT on TDD of insulin,
although baseline characteristics varied, suggesting
that it may be effective in the aforementioned popula-
tions.” ' Further studies evaluating different populations
and long-term outcomes are required. Third, we could
not perform a subgroup analysis of types of diabetes
mellitus (DM) which was requested during peer review
due to the limited data. The prevalence of LH was higher
in type 2 diabetes than in type 1 diabetes, thus the types
of DM may be an effect modifier of IT.* Future studies
that use individual participant data can assess the effect
modification. Fourth, we could not evaluate the effects
beyond 6 months in this study. The two studies *'**) had
a 12-month follow-up duration, and although the latter
study® did not meet the eligibility criteria of this study,
their findings suggest that repeating the education on IT
has lasting effects.”’ *

CONCLUSION

The present meta-analysis suggests that providing educa-
tion on IT to patients with diabetes with LH may slightly
reduce the TDD of insulin. Clinicians may consider
providing IT to patients with diabetes with LH, but they

also need to understand the uncertainty of the evidence.
In the future, we hope that RCTs with less bias, especially
for the deviation of the intended protocol and with a
rigorous protocol, will be conducted to accurately eval-
uate the effects.
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