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ABSTRACT

Introduction: Psychological insulin resistance
(PIR) is common among type II diabetes (DM)
patients. Although interventions to reduce PIR
have been suggested, there is no standardized
intervention to reduce PIR. This trial aimed to
assess the preliminary effectiveness of a well-
structured interventional patient group (for
sample size calculation for larger trials), as well
as the acceptability and feasibility of this inter-
vention group.
Methods: This study used a quasi-experimental,
mixed-method approach. Fifty-three patients

with DM were recruited to an interventional
group that included a general education of DM
and insulin, an insulin pen demonstration, and
an insulin-using peer sharing session. Each
group consisted of around 15 participants and
lasted for 2 h each. The validated Chinese ver-
sion of the insulin treatment appraisal scale
(C-ITAS) was administered before, immediately
after, and 1 month after the intervention to
measure any changes in the participants’ PIR.
Patients were interviewed to assess the accept-
ability of the intervention until data saturation.
Results: Repeated measures ANOVA showed
that the post-intervention C-ITAS scores (im-
mediately post group and at 1 month) were
lower than the pre-intervention C-ITAS scores
(p\0.001). Changes in multiple attitudes
toward insulin were detected before and after
the group intervention. Ten patient interviews
were conducted and found that the interven-
tion was welcomed by all interviewees; no dis-
comfort or adverse reactions were reported.
Conclusion: Preliminary results showed that
patient intervention groups with general edu-
cation, insulin pen demonstration, and peer
sharing appeared to be safe, acceptable, and
effective in reducing PIR. Larger multicenter
trials are needed to generalize these findings.
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INTRODUCTION

Type II diabetes mellitus (DM) is a common
condition that can lead to disabling complica-
tions [1]. These complications may be pre-
vented by effective and early DM control [2], as
measured by the glycosylated hemoglobin level
(HbA1c). Due to the progressive nature of DM,
most patients eventually require insulin treat-
ment [3]. Besides oral hypoglycemic agents
(OHA) failure, the National Institute for Health
and Care Excellence (NICE) also recommended
that insulin treatment should be initiated early
in patients with DM and very high HbA1c [4].

However, many patients refused insulin as a
result of psychological factors. This phe-
nomenon is called psychological insulin resis-
tance (PIR) [5]. The underlying reasons for PIR
are widely described [5]. Prevalence of PIR in
Hong Kong primary care is higher than that of
in Western countries and PIR is shown to be
associated with many psychosocial factors
[6–8]. PIR can be measured by validated instru-
ments such as the insulin treatment appraisal
scale (ITAS) [9]. The ITAS was translated and
validated in Hong Kong (C-ITAS) [7].

Despite studies being available on ways to
tackle PIR—such as identifying obstacles via
administration of PIR questionnaires (e.g., ITAS)
[10], counselling strategies according to
patients’ attitude [11], switching insulin vials to
insulin pen and starting at a lower dose of
insulin [10]—PIR remains difficult to tackle and
no widely used, recommended, or structured
program to tackle it is available. As the Hong
Kong Government funded general outpatient
clinics (GOPC) have one of the shortest con-
sultation times in the world, which is around
7 min per consultation (and often as short as
2–3 min) [12], an individual counselling
approach may not be feasible.

DM group education [13, 14] and peer edu-
cation [15, 16] were shown to improve DM
outcomes (e.g., HbA1c) and were cost-effective
when compared to individual counselling and
to standard care, respectively. The involvement

of peers in education is theoretically sound
because healthcare professionals often have
wrong perceptions of patients’ reasons which
underlie PIR [17]; and patients may feel more
empathized with when counselled by their
peers [18]. According to social cognitive theory,
learning occurs not by simply trying different
behaviors, but by replicating actions from a role
model (an insulin user in the context of the
current study) [19].

As there is no well-recognized standardized
intervention to ameliorate PIR, this pilot study
examined the preliminary effectiveness of a
standardized group intervention involving peer
education and insulin pen demonstration in
DM patients to reduce PIR. As a pilot study, the
feasibility and acceptability of this group inter-
vention were also assessed. We hypothesized
that this standardized group intervention is
acceptable to patients and is effective. This trial
therefore provides essential information for
undertaking larger trials.

METHODS

This study used a quasi-experimental approach,
employing mix-method analysis (collection and
analysis of both qualitative and quantitative
data). Patients were recruited consecutively in a
GOPC in Kowloon, Hong Kong when they came
to the clinic for doctors’ consultations. Patients
who (1) were older than 18 years of age, (2) were
diagnosed with type II DM, as defined by the
American Diabetes Association [20], (3) were
not currently using insulin, (4) either had
refused insulin despite the fact that insulin had
been recommended by the case doctor [4], or on
high dose of oral hypoglycemic agents, as
defined by either on maximum dose of met-
formin or more than half of maximum recom-
mended dose of metformin and sulfonylurea,
and (5) could communicate in fluent Can-
tonese, were included. Patients who had physi-
cal/mental illnesses that hindered them from
completing the questionnaire or communicate
in the group were excluded, e.g., dementia,
deafness, and severe visual problems. The
recruitment process was stopped after an ade-
quate sample size was obtained. Reasons for
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refusal were recorded by the recruiting doctors
and nurses. DM complication screening (DMCS)
or individual counselling (DMIC) was arranged
for all participants as dictated by the depart-
ment of family medicine (Hong Kong Hospital
Authority) protocol in order to standardize their
multidisciplinary intervention by the DM
nurse.

The research was approved by Kowloon West
Cluster Research Ethics Committee, Hospital
Authority, Hong Kong. All procedures followed
were in accordance with the ethical standards of
the responsible committee on human experi-
mentation (institutional and national) and with
the Helsinki Declaration of 1964, as revised in
2013. Written informed consent was obtained at
the time of recruitment from all patients for
being included in the study. Demographic data
collected on recruitment included marital status,
educational level, occupation, whether or not
they lived with family, if they had friends/family
using insulin, and if they had any side effects
when using insulin. Clinical data, such as sex,
age, baseline DM control (HbA1c), lipid level
including low-density lipoprotein level(LDL),
hypertension, presence of DM complications,
and years of DM diagnosed (according to last visit
before recruitment), were traced using the com-
puterized medical record system (CMS). Partici-
pants completed the C-ITAS questionnaire once
they were recruited.

Intervention

As discussed above, we hypothesized that a
group intervention with peer education consti-
tutes an effective intervention. According to
social cognitive theory, behavioral changes
occur when people observe and learn from the
actions of others, following individual cognitive
processes [19]. This process is facilitated by
adequate knowledge and self-efficacy so ‘‘that
one can exercise control over a health habit’’
[19]. Therefore, each session followed a protocol
which included (1) general introduction to DM
and insulin using a standardized PowerPoint
(providing knowledge and enhance self-effi-
cacy) (see Appendix II); (2) sharing by an insulin
user (providing learning from a role model); and

(3) demonstration of use of insulin pens by the
DM nurse (providing knowledge and enhance
self-efficacy). The participants could practice
the use of the insulin pen if they wished. As
previously mentioned, group and peer educa-
tion appear to be effective for educating
patients with DM. This structured program
would not only convey knowledge but also
address their fear of insulin through peer shar-
ing and directly experiencing the insulin pen.

The insulin motivational groups were held on
Saturday mornings in the GOPC. In total, six
groups were held. Each group aimed to consist of
about 15 patients and lasted for approximately
2 h, and each was led by the doctor and an
experienced advanced practice nurse, who has
experience in conducting insulin counselling.
Fidelity checks for all the groups were conducted
by the principal investigator to ensure that the
material presented was consistent.

The participants were asked to complete the
C-ITAS questionnaire at the end of group ses-
sion. They were interviewed by phone by
another independent doctor in the clinic to fill
in the C-ITAS, around 1 month after the group
meeting. The number of patients who started to
use insulin in the study group was collected
about 2–3 months after the group intervention
using the CMS.

Instrument: Insulin Treatment Appraisal
Scale (C-ITAS [7])

The ITAS is a 20-item instrument that contains
16 negative and 4 positive statements that
appraise insulin treatment. Each statement is
ranked using a five-point Likert-type scale from
1 to 5. Positive scores are reversed to allow for
summation. The total possible score ranges
from 0 to 80 [9]. A higher score signifies a more
negative appraisal of insulin. The ITAS was
developed for clinical use to measure PIR. No
cutoff score was used to diagnose PIR.

To Assess Acceptability and Feasibility
of the Intervention

To assess acceptability by participants, atten-
dance and qualitative information on the
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experience of being in the group were collected.
Participants were interviewed in person until
data saturation, following preliminary analysis
of quantitative data. In this study, a small
number of patients started insulin after the
group. To include these experiences, they were
all invited for interview. Otherwise, patients
who had attended the group near the end of the
trial were preferred because they were more
likely to remember the intervention. This semi-
structured interview allowed us (1) to under-
stand the experience of the patients attending
the group and (2) to explain the results of the
quantitative data. The interview was conducted
by a research assistant trained by the principal
investigator. Semi-structured interviews were
conducted in accordance with the interview
guide (Table 1).

Sample Size

A pilot study involving one patient group was
conducted. At a power of 85% and type I error at
5%, 50 participants were needed for total
C-ITAS score to drop by more than 6 points.
Previous studies showed that a drop of 3–8
points of the ITAS score among DM patients was
associated with subsequent willingness to start
on insulin [21–23].

Statistical Analysis

SPSS 21.0 was used for statistical analysis.
Demographic data was presented with the mean
and standard deviation for continuous data and
proportion for categorical data. Repeated mea-
sures ANOVA was utilized to determine if there
was a significant change in C-ITAS total scale or
subscale scores throughout the three time
points (on recruitment, immediate post-group,
and 1 month after the group session). Previous
studies [7, 24] suggested that analyzing the data
using the positive and negative scale of C-ITAS
may be more informative. Demographic data
was entered into the ANOVA model in order to
determine the relationship between different
demographic data and the change in C-ITAS
scores.

McNemar’s test was used to detect attitude
change in each C-ITAS statement before and
after the intervention group. Each C-ITAS item
was dichotomized as ‘‘disagree’’ and ‘‘neutral’’
(scores of 1–3) or ‘‘agree’’ (scores of 4–5); this
dichotomy was created to identify participants
who agree with each statement. McNemar’s test
was considered the most suitable test for com-
parison of the dichotomous variable of a related
pair.

Table 1 Semi-structured interview for participants

Theme Questions

Acceptability of the

group

How did you feel when you were invited to attend the group?

How did you find the content of the group?

Why did you come to the group?

Was there anything in the group that made you uncomfortable/or you found that was not as well

done? Any complaints?

What was the most useful/best part of the group? Any suggestions for improvement?

Explanation of data If you found the group useful, how did it decrease your fear about insulin? Or how did you know

more about the positive aspects/benefits about insulin?

What were your major fears about insulin? Did the group address that? How?

Did your perception of insulin change after the group up until now? What’s your perception of

insulin now? How was this perception affected/not affected by the group?

Can you still remember what was presented in the group?
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Data from the interviews was analyzed using
thematic analysis, and interviews were audio-
recorded, transcribed, and coded thematically.
Two researchers then independently cross-
checked the coding for reliability. If there was
any theme that could not be settled by the two
investigators (KYO/KPL), it was settled by the
third investigator (BHKY).

RESULTS

Out of 91 patients who agreed to participate in
the study, 27 did not show up for the inter-
vention and were lost to the follow-up (Fig. 1).
Nine patients left before the completion of
intervention (end of the group) because of per-
sonal issues (e.g., caring of family members).
Two participants were unable to be interviewed
by phone (i.e., defaulted phone interview) at
1 month because the participant refused to talk
about insulin (n = 1) and was unable to be
reached (n = 1).

The reasons for participants being unwilling
to join the study during recruitment included
(1) no time to attend; (2) no interest to attend
any education group; (3) adamant that they

would not change their mind to accept insulin
after the DM group; (4) strongly believe to have
known all the principles about insulin already;
and (5) fear of being persuaded to start insulin
after the group.

Demographics of Participants

Fifty-three percent (53%) of participants were
female and 89% had at least a primary educa-
tion or above. Most of them had at least one
complication of DM or macrovascular/mi-
crovascular cardiovascular complication (62%)
(Table 2).

Effectiveness of the Motivational Group

Repeated measures ANOVA found that the pre-
group means of C-ITAS (score 37) were signifi-
cantly higher than that of the post-group (score
26) and 1 month after post-group (score 30)
(p\0.001). Analysis by repeated measures
ANOVA found that the trends of change in both
positive appraisal subscale (p = 0.039) and neg-
ative subscale (p\0.001) were statistically sig-
nificant (Fig. 2).

146 pa�ents were invited 

55 pa�ents refused 91 pa�ents were booked 
DM group

27 pa�ents defaulted 64 pa�ents a�ended

9 pa�ents le� in middle

55 pa�ents have 
completed 2-hours DM 

group educa�on and 
done post group C-ITAS

2 pa�ents lost follow up
53 pa�ents have 

successfully done 1-
month follow-up C-ITAS

Fig. 1 Recruitment flowchart
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Table 2 Demographics of participants

Range Mean SD

Age (years) 32–87 65.6 10.2

Years since DM diagnosis (year) 1–33 11.4 6.9

Last HbA1c level 6.1% (43 mmol/mol) to 10.6% (92 mmol/mol) 7.4% (57 mmol/mol) 0.8%

Data Proportion (%)

Age Age C 65 60.0

HbA1c HbA1c[7% (53 mmol/mol) 61.8

Sex Female 52.7

Education level \Primary 10.9

Primary 45.5

Secondary 40.0

University or above 3.6

Marital status Single 16.4

Married 60.0

Divorced 3.6

Widowed 20.0

Working status Working 32.7

Family status Lives alone 59.1

Used insulin before? No 100.0

Family/friends using insulin? No 83.6

Heard of side effects of insulin from family/friends Yes 3.6

History of hypertension Yes 72.7

History of hyperlipidemia Yes 89.1

Use of metformin Yes 100.0

Use of SU Yes 94.5

Use of DPP-4 Yes 27.3

Smoking Non-smoker 74.5

Smoker 12.7

Ex-smoker 12.7

History of cardiovascular disease (CVD) including

coronary artery, cerebrovascular or peripheral

vascular diseases

Yes 7.3

History of DM retinopathy (DMR) Yes 40.0

History of microalbuminuria (MA) Yes 32.7
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The changes of the C-ITAS total score or
positive/negative scores over time were not
significantly different between different groups,
age, sex, marital status, education level, work-
ing status, smoking status, if family or friends
had history of use of insulin, years of DM
diagnosis, latest HbA1c level, or co-morbidi-
ties/complications (data not shown).

In total, five participants agreed to or had
started insulin therapy after attending the
motivation group. Their change in total C-ITAS
score (p = 0.48) over time was not significantly
different from those of other participants.

Change of C-ITAS Attitudes

As defined by the C-ITAS statements, there were
changes in multiple attitudes before and after
the group intervention. Some of the effects

persisted at 1 month after the motivational
group (Table 3).

Acceptability of the Intervention

Ten patients were interviewed and data satura-
tion was achieved. There was high acceptability
and the intervention was welcomed by inter-
viewees; no discomfort or adverse reactions
were detected. Some of them experienced
changes in their perception of insulin after the
group, but others admitted that they could not
remember the information presented in the
group. Some commented that fears specific to
individuals about insulin were not addressed in
the group. Various suggestions to further
improve the group, mostly focused on ways to
enhance memory about information presented,
were made by a few participants (see

Table 2 continued

Data Proportion (%)

History of impaired foot sensation (FS) Yes 5.5

Any complications (CVD/DMR/MA/FS) Yes 61.8

The three most common negative appraisals of insulin in C-ITAS

Q6. Fear of injecting with needle Agree 76.4

Q14. Injection is painful Agree 52.7

Q18. Family/friends more concerned Agree 52.7

10
15
20
25
30
35
40
45
50
55
60

pre-group post-group 1-month post group

IT
AS

 s
co

re
s

Month

ITAS total score ITAS -ve score
ITAS +ve score

Fig. 2 ITAS score changes. Data was presented with mean
(the dot) at each time point with 95% confidence interval
(vertical line). Four participants were excluded in analysis

because of absence of data at 1 month post group.
Repeated measures ANOVA requires complete data in
all three time points
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Appendix 1). The qualitative and quantitative
findings complement each other (Table 4).

DISCUSSION

This trial provided evidence of the preliminary
effectiveness of a well-structured programme to
decrease PIR as shown by an international vali-
dated instrument, and the intervention was
welcomed by patients. As previously stated,

there was previously no standardized interven-
tion for PIR. Most previous research suggested
individual counselling to target the underlying
reasons behind PIR [11], but this is often not
possible because our consultation time is very
short. We developed a new group intervention
to fit into primary care because previously sug-
gested interventions, although effective, were
not suitable for primary care: for example, cog-
nitive restructuring psychotherapy [25] would
require special training and is not pragmatic in

Table 3 Changes of attitude before and after the group

ITAS statements Pre-group Post-group p value Pre-group 1 month after
group

p value

Agree (%) Agree (%) Agree (%) Agree (%)

Negative statements

Q1. Failed on pre-insulin therapy 38.2 18.2 0.035* 39.7 26.4 0.21

Q2. Diabetes has gotten worse 45.5 16.4 0.001* 47.2 24.5 0.023*

Q4. Perceived by others as more sick 50.9 20.0 \0.001* 52.8 54.7 1.000

Q5. Life less flexible 45.5 12.7 \0.001* 47.2 41.5 0.648

Q6. Fear of injecting with needle 76.4 38.2 \0.001* 77.4 64.2 0.118

Q7. Risk of hypoglycemia 27.3 18.2 0.383 28.3 24.5 0.815

Q9. Cause weight gain 12.7 18.2 0.607 13.2 17.0 0.774

Q10. Takes time and energy 38.2 10.9 0.001* 39.6 24.5 0.134

Q11. Give up activities I enjoy 27.3 5.5 0.008* 27.3 15.1 0.118

Q12. My health deteriorates 38.2 12.7 0.004* 39.6 17.0 0.012*

Q13. Injecting is embarrassing 38.2 18.2 0.035* 39.6 38.5 1.000

Q14. Injecting is painful 52.7 14.5 \0.001* 52.8 41.5 0.238

Q15. Difficult to always inject correctly 50.9 16.4 \0.001* 52.8 34.0 0.052

Q16. Difficult to fulfill responsibilities 29.1 7.3 0.008* 30.2 28.3 0.549

Q18. Family/friends more concerned 52.7 27.3 0.004* 54.7 45.3 0.332

Q20. More dependent on doctor 49.1 16.4 \0.001* 50.9 48.1 0.774

Positive statements

Q3. Prevent complications 58.2 81.8 0.004* 58.5 75.5 0.049*

Q8. Improves health 56.4 76.4 0.054 56.6 79.2 0.004*

Q17. Helps to control blood glucose 65.5 78.2 0.248 64.2 84.9 0.013*

Q19. Helps to improve energy levels 20.0 47.3 0.001* 18.9 39.6 0.013*

* Represent significant p value at\0.05

120 Diabetes Ther (2018) 9:113–124



our primary care setting; other studies using
experimental learning theory (with patients
learning about insulin during hospitalization
and with close supervision) are not applicable to
our primary care practice [26]. Our intervention
is similar to a recently published nurse-led
group intervention with mock insulin injec-
tions in the USA, yet our trial was the first to
describe an intervention involving peer educa-
tion [27]. Peer education was treasured by many
participants in our trial (see Appendix 1). Our
study also only involved a one-off group inter-
vention which can be more cost-effective.

The drop in the ITAS score after intervention
was shown to predict insulin initiation [21, 28].
The drop in ITAS in the current study was larger
or comparable to other studies. ITAS is known
to be sensitive to change after the initiation of
insulin. In various studies, the negative subscale
of ITAS dropped by 3.1–8.3 points after starting
insulin while the positive score was not signifi-
cantly different [21–23]. Another study using
experimental learning theory in a Chinese
hospital found that ITAS dropped in the inter-
ventional group around three points more than
in the control group [26]. Depending on dif-
ferent time points, our current study showed
that the negative/total score decreased by
around 5–10 points and the positive score
increased by around 1 point. Scores of individ-
ual statements (both positive and negative) in
C-ITAS improved, signifying a more positive
appraisal of insulin and some of the attitude
changes persisted for 1 month after the group.

The change of C-ITAS score over time is
worth further exploration. The C-ITAS scores
improved immediately after the group inter-
vention but the effect was not sustained after
1 month. We speculated that patients might
have forgotten information provided during the
DM group, which is supported by our interview
data. Another possible explanation is that the
patients wanted to please the nurse or the
instructor of the intervention group and there-
fore exaggerated their response. The C-ITAS was
self-administrated at post-intervention but was
administrated over the phone at 1 month fol-
lowing the event. Therefore, how this may have
affected the C-ITAS scoring is not known.
Although some patients were not able to retain
knowledge from the group, no definite recom-
mendations from the patients could be con-
cluded from the patients’ interviews. In future
groups, actions to enhance learning could
include (1) giving out leaflets summarizing
information from the PowerPoint; (2) checking
understanding (e.g., a short quiz) after the
PowerPoint presentation; and (3) arranging one
follow-up session with the advance practice
nurse (if patient agrees) at around 1 month after
the intervention to answer questions and check
understanding.

Although only five out of 55 patients agreed
or started to use insulin at 1 month after the
intervention, these results were not discourag-
ing. It was because many patients included in
the intervention had not yet received maximal
dose of combined DM medications—i.e., they

Table 4 A comparison of the qualitative and quantitative results

Quantitative data Qualitative data (interview)

A significant decrease in psychological insulin resistance that

persisted at 1 month after the group was held

For those participants who could retain information until

the interview, a few perceptional changes about insulin

were detected

Those who admitted that they forgot what was mentioned

in the group did not have perceptional changes

Multiple attitude changes were detected in the ITAS

A bounce back in the ITAS score was seen when comparing

pre-group, post-group, and 1 month after group ITAS

scores

A few patients admitted that they could not remember what

was presented in the group

A variety of suggestions were raised by patients to help recall

or deepen their understanding about insulin

Diabetes Ther (2018) 9:113–124 121



may still have time to consider use of insulin.
They may change their decision when their DM
control worsens or when they are strongly
advised by their case doctors to start taking
insulin. Acceptance is also a process which takes
time and the initiation rate may increase over
time. Previous trials usually assess initiation rate
at 1 year [21].

The group intervention was well accepted by
patients. However, it was clear from the inter-
view that ways to help patient to recall infor-
mation learned in the group are needed,
because many patients could not retain the
information that they learned for more than a
few months. An individualized approach may
be needed because different patients suggested
different solutions (see Appendix 1). It might be
advisable for healthcare professionals to arrange
follow-ups shortly after the group events to
identify patient needs, so that the patient can
learn and remember more about insulin. An
individualized approach on follow-up may also
be more effective because some of the reasons
behind patients’ PIR may be too specific to be
included and discussed in the group (e.g.,
Patient 2: ‘‘can insulin be used in patients with
skin allergy?’’). The dropout rate of 30% was
comparable to other educational groups in
GOPCs, contributed to by the absence of a
reminder system and the 2 months waiting time
between recruitment and the intervention.
Because all groups were held on Saturday
mornings (because of limited manpower during
weekdays), many participants expressed diffi-
culties in applying for leave. The intervention is
considered feasible because dropout rates were
similar to other interventions in primary care
and this may improve if the intervention can be
held on other days of the week.

The major weakness of this study was that it
involved only one center, had a small sample
size, and there was no control group, which
may limit the generalizability of the results.
Indeed, the small sample size hinders us from
drawing definite conclusions. However, as a
pilot study, our aim was to assess the prelimi-
nary effectiveness of an intervention and to
assess its feasibility and acceptability. The sam-
ple size was also already calculated from data of
one pilot group and using power of 0.85. This

aim was achieved and a larger, multicenter
study will be needed. The lack of control group
limited our interpretation to account for vari-
ous potential bias and effects (e.g., natural
acceptance of insulin by the time instead of the
group effect). Yet, these patients followed up for
their DM for years at the same clinic. It was
unlikely that there were other external factors
that decreased their PIR besides the group
intervention.

Another limitation of this study was that a
significant proportion of patients refused to
participant in group education at all. This may
limit the generalizability of our study results to
patients with very high PIR and/or poor insight
into their illnesses. This could be due to our
recruitment method: as a self-funded study, the
recruiting doctors in GOPC only asked very
briefly if their patients were interested in join-
ing this group intervention during the 5-min
medical consultation. The response rate would
improve if participants are recruited in a family
medicine specialist DM clinic where the con-
sultation time for each patient can be up to 20
min, or if recruitment is conducted by a
research assistant when funding is available.

As for the strength of this study, it was the
first structured program that involved peer
education to improve PIR. ITAS, which had a
strong validation history, is the recommended
measure for PIR for clinical use or research in a
recent review [29] and predicts insulin initia-
tion [21]. The current study also employed a
mix-method research strategy to help explain
data and assess acceptability.

CONCLUSION

The DM education group involving peer edu-
cation and insulin pen demonstration could
improve PIR and was well accepted by patients.
Further larger multicenter studies are needed.
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