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ABSTRACT

Introduction: Studies on the durability of an
intensive, structured education protocol on best
insulin injection practice are missing for people
with type 2 diabetes mellitus (T2DM). The aim of
this study was to assess the durability of an
intensive, structured education-based rehabili-
tation protocol on best insulin injection practice
in well-trained subjects from our previous
intensive, multimedia intervention study

registered as the ISTERP-1 study. A total of 158
subjects with T2DM from the well-trained group
of the 6-month-long ISTERP-1 study, all of whom
had successfully attained lower glucose levels
compared to baseline levels with lower daily
insulin doses and with less frequent and severe
hypoglycemic episodes, participated in the pre-
sent investigation involving an additional
6-month follow-up period, called the ISTERP-2
study.
Methods: Participants were randomized into an
intervention group and a control group,
depending on whether they were provided or not
provided with further education refresher cour-
ses for 6 months. At the end of the 6 months, the
two groups were compared in terms of injection
habits, daily insulin dose requirement, number
of severe or symptomatic hypoglycemic events,
and glycated hemoglobin (HbA1c) levels.
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Results: Despite being virtually superimposable
at baseline, the two groups behaved quite dif-
ferently during the follow-up. The within-group
analysis of observed parameters showed that the
subjects in the intervention group maintained
and even improved the good behavioral results
learned during the ISTERP-1 study by further
reducing both the rate of injection technique
errors (p\0.001) and size of lipohypertrophic
lesions at injection sites (p\0.02). Conversely,
those in the control group progressively aban-
doned best practice, except for the use of ice-
cold insulin and, consequently, had signifi-
cantly higher HbA1c levels and daily insulin
dose requirements at the end of the follow-up
than at baseline (p\ 0.05). In addition, as
expected from all the above, the rate of hypo-
glycemic episodes also decreased in the inter-
vention group (p\ 0.05), resulting in a
significant difference between groups after
6 months (p\ 0.02).
Conclusion: Our data provide evidence that
intensive, structured education refresher cour-
ses have no outstanding durability, so that
repeated refresher courses, at least at 6-month
intervals, are needed to have positive effects on
people with T2DM, contributing not only to
prevention but also to long-term rehabilitation.
Trial Registration: Trial Registration no. 118
bis/15.04.2018.

Keywords: Type 2 diabetes; Injection
technique; Education; Rehabilitation;
Lipohypertrophy; Hypoglycemia

Key Summary Points

A structured education program devoted
to best insulin injection techniques (IT)
improves metabolic control, exposes the
individual to less frequent and less severe
hypoglycemic events, and lowers daily
insulin dose requirement.

The 6-month durability of such effects has
not yet been the object of any assessment.

Contrary to indiviiduals with type 2
diabetes mellitus who were left
unsupported, well-trained individuals
who recieved intensive IT-specific
educational support during another
follow-up period maintained the excellent
results attained after the first 6-month
educational intervention.

This result calls for the systematic
organization of periodic refresher courses
as the effects of a structured, IT-oriented
education-based rehabilitation program
lasts\6 months.

The lack of such support at least partially
explains the high rate of lipohypertrophy
and related severe metabolic and
economic consequences.

Researchers and scientific societies should
strive for better institutional recognition
and remuneration of structured
educational programs as an undeferrable
behavioral rehabilitation tool by pushing
for and establishing such programs where
absent.

INTRODUCTION

For persons with type 2 diabetes mellitus
(T2DM), structured education plays a promi-
nent role in injection technique improvement
to avoid skin complications, including lipohy-
pertrophy (LH), local inflammation, bruising,
and subsequent, repeated unexplained hypo-
glycemic episodes (hypos). Significant changes
in the absorption, pharmacokinetics, and
pharmacodynamics of insulin can occur when
insulin is injected into lipohypertrophic nod-
ules, potentially leading to high glycated
hemoglobin (HbA1c)) levels, glycemic variabil-
ity, and changes in the daily insulin dose
requirement [1–7]. Despite the risk factors for
LH being very well known [6–8] and the publi-
cation of several papers on the rate of LH in
different populations/care settings during the
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last few years [8–10], too little attention has
been paid to LH prevention through education
[11–14]. Even the few papers dealing with edu-
cation on best insulin injection techniques
suffer limitations as they are based on data from
small case series or short-term observations. We
recently published a case–control study using
an intensive, structured education-based reha-
bilitation protocol with repeated refresher
courses, which we refer to here as the ‘‘ISTERP-
1’’ study [14]. However, even this study could
not provide a clear-cut answer to the central
question of whether or not single education
cycles guarantee behavioral changes lasting [
6 months, thus not resolving the issue of whe-
ther such education sessions represent a valu-
able, long-term behavioral rehabilitation tool.

Based on this background, the aim of the
present investigation, named the ISTERP-2
study, was to assess the durability of structured
education effects by monitoring for a further 6
months the injection habits and metabolic
outcomes of well-trained participants in the
ISTERP-1 study randomly divided into an
intervention group (provided with further
structured education refresher courses) and a
control group (not receiving further follow-up
refresher courses).

METHODS

This study was meant to be an extension of the
recently published ISTERP-1 study [14] and was
designed to be a two-arm, open-label, multi-
center, randomized, case–control study. It was
carried out in compliance with good clinical
practice standards and in accordance to the
ethical guidelines of the 1964 Declaration of
Helsinki and its subsequent amendments. It was
approved as a joint protocol by the Ethical and
Scientific Committee of the reference center
(University ‘‘Luigi Vanvitelli’’ Naples, Italy; trial
registration no. 118 bis/15.04.2018), which
served as the central reference ethical commit-
tee for all of the participating diabetes centers,
with the latter an integral part of the same pri-
vate consortium associated to the above-men-
tioned University, and by the Institutional
Review Board (IRB Min. no. 9926, dated

05.02.2018). Before enrollment, all of the sub-
jects with T2DM participating in the intensive
education arm of the ISTERP-1 study signed an
informed consent form to be included in the
present investigation (see Fig. 1; Electronic
Supplementary Material ISTERP-1 study), except
for one who declined the invitation due to work
constraints.

The primary endpoint was the ability to
maintain correct insulin injection habits in
relation to attending or not attending educa-
tional refresher programs. Secondary end-
points were: (1) metabolic control as reflected
by HbA1c levels, (2) size of lipohypertrophic
lesions, (3) daily insulin dose requirement and
(4) rate of hypos.

All centers participating in the present study
were part of the Nefrocenter Research Network
in southern Italy—a private consortium sup-
ported by the National Health System under a
special agreement with Naples University ‘‘Luigi
Vanvitelli’’ relating to several clinical aspects,
including the ethics committee. All participat-
ing centers used the same electronic record
system, diagnostic/therapeutic procedures, and
operating standards by adhering to the national
program for continuous quality improvement.
In addition, each center had their own health-
care professionals (HCPs) who had received
specific training and were able to follow the
study procedures appropriately.

Inclusion criteria were: having participated
in the intervention group of the ISTERP-1 study
for 6 months and thereby receiving two inten-
sive courses interspersed with four phone-based
refresher calls; being on a therapeutic regimen
of at least three daily injections; and agreeing to
perform self-monitoring of blood glucose
(SMBG) systematically.

Exclusion criteria were: (1) any add-on
hypoglycemic agents; (2) severe liver disease or
cancer; (3) dementia or any other functional
impairment affecting adherence to the study
protocol; (4) participation in any other clinical
trial; and (5) any-cause inability to attend all
sessions regularly.

Once enrolled in the study, patients were
then randomized to an intervention group and
a control group according to a simple
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centralized randomization system with blinding
ensured by the envelope method.

Diagnostic criteria for T2DM and related
complications/conditions, education material,
equipment and methods used to perform SMBG
monitoring, and the definition of and recording
methods for severe hypoglycemia (SeHs) or
symptomatic hypoglycemia (SyHs) were exten-
sively described in our previous paper [14].

Study Protocol

Only patients from the previous study’s inter-
vention group entered the present follow-up
study. They were evenly divided into the new
intervention group (n = 79) and the new con-
trol group (n = 79) through an automatic ran-
dom number generator. The intervention group
benefited from a structured education session at
0 (i.e., baseline [T0]) and 3 months (T?3) with a
monthly phone reminder at 1, 2, 4, and 5
months (T?1, T?2, T?4, and T?5, respec-
tively); the control group underwent no
refresher courses and did not receive monthly

phone reminders until the 6 month time point
(T?6).

In more detail, each injection technique
education-based rehabilitation session involved
ten people at most and lasted approximately
60 min. Each session made use of the BD Edu-
cational Starter Kit (Becton Dickinson, Inc.,
Franklin Lakes, NJ, USA), including site rotation
grids, educational injection technique leaflets,
and a blood glucose logbook. The LH ‘‘look and
feel’’ teaching method used a BD Lipobox to
provide visual and tactile clues for typical LH
lesion identification. Patients were also
instructed to rotate injection sites correctly and
to avoid reusing needles to prevent the genera-
tion or worsening of LH. In addition, they
received a leaflet with bullet points highlighting
the role of correct injection habits in optimizing
glucose control by keeping insulin pharma-
cokinetics and pharmacodynamics unaltered
[7, 14]. The complete sessions, eventually inte-
grated by face-to-face in-depth analyses when
needed, were performed as previously described
[14] according to the Forum for Injection
Technique (FIT) [15].

Fig. 1 Schematic representation of the study protocol. All
158 randomized patients had participated in the ISTERP-
1 and had received the educational training in that study
according to exactly the same protocol that was provided
to the intervention group in the present study. CG

Control group, GV glycemic variability, HbA1c glycated
hemoglobin, hypos hypoglycemic episodes, IG intervention
group, pts patients, SMBG self-monitoring of blood
glucose, T0 baseline, T1–T6 follow-up time points, US
ultrasound
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Clinical LH identification criteria are repor-
ted elsewhere [6, 8, 14, 16]. Procedures used for
defining injection habits, through a structured
questionnaire, and SMBG-based hypo occur-
rence and symptom severity identification have
been described in detail for the ISTERP-1 study
[14]. Adherence to the study protocol was
defined as good when the subject pro-
vided[ 80% of expected recordings.

In addition, at T0, T?3, and T?6, all patients
underwent a complete visit, including a careful
examinination of the injection site, and com-
pleted a self-administered questionnaire based
on a salient, nonintrusive, recent-past-oriented,
well-established procedure developed as part of
the original Worldwide Injection Technique
Questionnaire Study 2016 [7, 14, 16–18]. High-
frequency B-mode ultrasound skin scans were
performed using the linear 20 MHz probe (HD3;
Philips NV, Amsterdam, The Netherlands) at all
injection sites, as previously described [8], to
compare palpatory/pinching impressions with
objective findings and to define LH features
appropriately. Two different blinded operators
scanned the same patient. A 100% consistency
in LH identification was preliminarily found
among specialists regarding intra-operator,
inter-operator and day-to-day operator varia-
tion independently of location, volume, exten-
sion, texture, or thickness [19].

This detailed procedure enabled investiga-
tors to add data to the electronic case report
form on each patient at 3-month intervals,
including detailed information on injection
habits and hypo frequency or severity together
with data on general biochemistry, HbA1c,
daily insulin dose requirement, LH size, and
eventually treatment-related adverse events
(Fig. 1).

Statistical Analysis

In our previous educational intervention study
[14], HbA1c levels decreased by 20% from
baseline to the end of follow-up, with a stan-
dard deviation (SD) of 0.87%. Based on these
values, when setting the significance level at
a = 0.05 (two-sided) and the power at 80%, we
calculated 60 patients as the minimum sample

size for each group. When allowing for a
10–15% dropout rate, the required sample size
increased to 75 cases per group. However, we
included 79 cases per group, i.e., all the 158
subjects participating in the intervention group
of our previous study who met the inclusion
criteria for the present one.

Patient characteristics were reported as the
mean ± SD for continuous variables and as the
number/percentage for categorical variables.
SyHs and SeHs were expressed as incidence rates
within 95% confidence intervals (95% CI) and
were evaluated using the Poisson regression
model. The significance of differences found
between experimental treatments and times
was tested using the repeated measures analysis
of variance supplemented by the two-tailed
paired Student’s t test with 95% CIs for para-
metric variables and Mann–Whitney’s U test for
nonparametric variables. The chi-square (v2)
test with Yates’s correction or Fisher’s exact test
was implemented for categorical variable dif-
ferentiation. A p\ 0.05 was considered to be
statistically significant. All evaluations were
performed using the SAS release 9.4 statistical
software program (SAS Institute, Cary, NC,
USA).

RESULTS

All participants completed the study without
reporting any treatment/device-related adverse
effects. Median adherence to SMBG recording
was as high as 90% (range 87–100%), and
adherence to recording hypos was also good.

As shown in Table 1, baseline data for gen-
eral and clinical parameters, including HbA1c,
were statistically superimposable. Values in
Table 2 show changes in items associated with
the single injection technique in both groups
and clearly depict different behaviors over time.
Subjects in the intervention group achieved a
further slightly but still significantly improved
performance, with a 2- to 3.8-fold decrease in
faulty behavioral elements (p\0.001), and
entirely avoided ice-cold insulin injection.
Conversely, subjects in the control group per-
formed progressively worse over the 6-month
follow-up period (p\0.001), with some
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experiencing, for example, a 15% increase in
daily insulin dose requirement (46 ± 9 vs.
53 ± 12 IU, respectively; p\ 0.044) versus the
roughly 7% decrease observed in the interven-
tion group (46 ± 9 vs. 43 ± 9 IU, respectively;
p\0.05), and a pronounced increase in the rate
of SeHs and SyHs (ninefold [p\ 0.00134] and
fourfold [p\ 0.0198], respectively) as opposed
to the dramatic drop observed within the
intervention group (p\ 0.05). Moreover, the
cumulative hypo rate was significantly different
between groups at the end of the follow-up
(p\ 0.00192), with SeHs being more frequent at
night (60% of the total) (Table 3). HbA1c levels
stayed consistently low in the intervention
group (6.5 ? 0.9% vs. baseline; p = not signifi-
cant) while worsening in the control group
(7.9 ? 0.6 vs. 6.6 ? 0.8%; p\ 0.05).

Interestingly, the control group maintained
good performance in terms of ice-cold insulin
injection, with the exception of three subjects.

Different injection habits most likely
accounted for differences observed in the size of
lipohypertrophic lesions between groups as

measured using a structured, ultrasound-vali-
dated method [19] (Table 4). LH areas arbitrarily
classified according to their diameter (i.e., C 3
or\3 cm) tended to distribute differently over
time. At the end of the follow-up, the size of
larger lipohypertrophic lesions decreased in
72.00% of cases in the intervention group
compared to 41.37% in the control group
(p\ 0.0121), and smaller lipohypertrophic
lesions remained the same size in 5.55% of cases
in the intervention group compared to 22.00%
of cases in the control group (p\0.00118), or
even disappeared in 66.66% of cases vs. 38.99%,
respectively (p\0.0119).

DISCUSSION

The authors of this follow-up study consider it
to be a natural continuation of the ISTERP-1
study [14], with the aim to assess the durability
of an intensive, structured education-based
rehabilitation protocol. Indeed, the ISTERP-1
study suggested the hypothesis that people tend
to forget most lessons learned and revert to bad
habits as early as 6 months after attending a
single structured training course, leading to
worsening metabolic control and higher rates of
hypoglycemic episodes. Conversely, a continu-
ing 6-month education program resulted in
maintained adherence to best injection tech-
niques and reduced related healthcare costs by
decreasing the frequency of hypoglycemic
events while improving overall metabolic con-
trol, However, the scientific literature does not
provide any information to date on either the
durability of educational interventions or the
best interval between refresher courses for sus-
tained behavioral benefits.

As shown in Fig. 1, to fill this gap, we
designed the ISTERP-2 study by randomizing
the ISTERP-1 study’s intervention group into
two arms, with one group attending two
3-monthly refresher courses and receiving four
interspersed educational phone recalls during a
further 6-month period, and the other group
not.

Our data provide clear evidence of progres-
sively decreasing adherence to best injection
practice by subjects in the control group who,

Table 1 Main parameters for subjects randomly enrolled
into the control group and intervention group

Baseline parameters Control
group
n = 79

Intervention
group n = 79

Male gender, n (%) 70 (41.36) 72 (39.48)

Age (years) 64 ± 11 62 ± 13

BMI (kg/m2) 30.4 ± 8.2 30.5 ± 7.7

HbA1c (%) 6.7 ± 0.8 6.5 ± 01.0

DM duration (years) 11.3 ± 5.7 11.6 ± 9.8

Injections/day (n) 4 4

Insulin treatment

duration (years)

7.2 ± 7.8 6.9 ± 8.3

Daily Insulin Dose

requirement (IU/day)

56 ± 12 58 ± 13

Values are presented as the mean ± standard deviation
(SD) unless indicated otherwise
BMI Body mass index, DM diabetes mellitus, HbA1c gly-
cated hemoglobin
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despite previous intensive training, showed
incorrect practices in terms of needle reuse
(twice the baseline level), missing site rotation
(sixfold higher than baseline rate), and intra-LH
injection (15-fold higher than baseline rate),

with a consequent 15.2% increase in daily
insulin dose requirement. The only good prac-
tice retained by both groups was avoiding ice-
cold insulin utilization.

Table 3 Frequency of severe and symptomatic hypoglycemic events in the control group and the intervention group during
the 6-month follow-up, and significance of observed differences

Study groups Hypoglycemic episodes T0 (n =
158
overall)

T13 (n =
79)

T16
(n = 79)

D T16 increase/
decrease vs. T0
(n times)

p

Control group

(n = 79)

Severe 1 (1.26) 5 (6.32)* 9 (11.39) ? 9.0 0.00134

Symptomatic 6 (7.59) 14

(17.72)**

24

(30.37)

? 4.0 0.0198

Overall 8 (10.12) 19

(24.05)**

33

(41.77)

? 4.12 0.0189

Intervention

Group (n =

79)

Severe 0 0 0 – –

Symptomatic 6 (7.59) 2 (2.53)* 3 (3.79) - 0.5 0.05

Overall 6 (7.59) 2 (2.53)* 3 (3.79) - 0.5 0.05

Symptomatic control group

vs. intervention group

n.s 0.00128 0.00192

Values are presented as the number with the percentage in parentheses
*, **Significant at * p B 0.05 and ** p\ 0.001 vs. baseline (T0)

Table 4 Changes in the diameter of larger lipohypertrophic lesions in the control group and intervention group during the
6-month follow-up and significance of observed differences

Study group LH diameter (cm) Baseline End of follow-up

Undetectable Reduced Unchanged

Intervention group (IG) (n = 79) [ 3 25 (31.64) 2 (8.0) 18 (72.00) 5 (20.00)

\ 3 54 (68.35) 36 (66.66) 15 (27.77) 3 (5.55)

Control group (CG) (n = 79) [ 3 29 (36.70) 1 (3.44) 12 (41.37) 16 (55.17)

\ 3 50 (63.29) 19 (38.00) 20 (40.00) 11 (22.00)

IG vs. CG (C 3 cm) n.s n.s \ 0.0121 \ 0.00246

IG vs. CG (B 3 cm) n.s \ 0.0119 \ 0.0518 \ 0.00118

Values in table are presented as a number with the percentage given in parentheses
In both groups, LH size significantly changed: 80% (IG) vs. 45% (CG) (p\ 0.001) for LH[ 3 cm, and 71% (IG) vs. 35%
(CG) (p\ 0.01) for smaller lesions. LH persistence was lower in the IG than in the CG (10.7 vs. 34.175%, respectively;
p\ 0.01)
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Within the context of optimal post-ISTERP-1
study baseline conditions, the most relevant
clinical consequences were the higher hypo
rates and HbA1c levels found in the control
group compared to the intervention group, and
the decreased LH size observed in the latter
only. Such findings provide indirect evidence
that subjects in the control group resumed
injecting insulin into LH lesions during the
education-free period.

Our data show, for the first time, that con-
tinuing education plays an essential role in
maintaining correct injection practice beyond
6 months. Some authors of relatively small case
series involving different 3- to 6-month educa-
tion interventions have suggested improved
performance after training [11–13, 19, 20].
However, to the best of our knowledge, no data
are available on the effects of structured edu-
cation programs lasting longer than 6 months.
We note that the length of the combined
ISTERP-1 and ISTERP-2 studies is 12 months and
that our results show that even well-trained and
high-performing subjects tend to slip back into
bad injection habits quite quickly when mes-
sage-strengthening procedures are missing.

Indeed, it is challenging to maintain correct
injection habits all the time. Unfortunately, we
have no way at this time to identify the factors
underlying ‘‘lost adherence’’ and can only
hypothesize that longstanding bad habits are
hard to get rid of as a result of a mix of painless
nature of injections into partially denervated
LH areas [8], laziness, depression, lack of interest
in personal health conditions, and automatism
involving involuntary repetition of acquired
movements. To the contrary, it is common
knowledge that behavioral changes do not stay
active for very long despite being attained
through sustained efforts.

Limitations

The main limitation of our study is the rela-
tively small number of people involved that,
however, is justified by the considerable effort
required by the intensive, multimodal, struc-
tured education protocol adopted.

CONCLUSIONS

The present investigation represents the natural
continuation of the ISTERP-1 study by extend-
ing to 12 months the observation periods of
T2DM patients consistently attending an
intensive, multimodal education-based rehabil-
itation program aimed at best injection prac-
tice. Subjects randomized to the control group
were left unattended for an additional 6 months
during the ISTERP-2 study after undergoing the
abovementioned 6-month program during the
ISTERP-1 study. It was noted that these subjects
at least partially returned to bad injection
habits, resulting in worsening metabolic control
despite increasing daily insulin doses, thus
showing that the lack of continuing educa-
tional support rapidly thwarts the considerable
efforts made by healthcare teams to provide
T2DM patients with intensive 3-monthly
refresher courses.

Our results provide evidence that insulin-
treated T2DM patients need intensive educa-
tional refresher courses minimally at 3-month
intervals. Furthermore, based on the lessons
learned from these studies, clinicians should
pay much more attention to structured thera-
peutic education on best injection practices
than they do now. By providing more educa-
tion, HCPs could provide people suffering from
a potentially disabling chronic disease with a
valuable rehabilitation tool based on the sys-
tematic prevention of LHs and related compli-
cations [8, 9].

These data indirectly explain why LHs are so
frequent: according to the current literature,
LHs affect 38% insulin-treated patients on
average [10] and more than 60% of them in
many cases [14]. Indeed, it must be admitted
that healthcare systems worldwide are still
characterized by their utmost attention to best
drug regimen choices with total oblivion of
systematic identification of skin lesions and
suitable LH-prevention education [7].

Final Remarks

We could provide evidence that (1) well-trained
T2DM patients lose at least part of their health
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benefits within 6 months of clinically adequate
yet education-free medical assistance and (2)
continuing education involving an intensive,
multimodal structured intervention is crucial to
achieving a persistent change in individual
behavior. Efforts to provide continuing educa-
tion have the invaluable merit of providing
people with T2DM with positive effects on well-
established disease parameters and thus con-
tributing to complication prevention and long-
term rehabilitation.

Therefore, we firmly believe that policy-
makers, scientific societies, and academic insti-
tutions organizing under-graduate and post-
graduate courses should promote concrete
actions to enhance and financially support the
role of education by adequate resource alloca-
tion and formal professional recognition of
diabetes educators. This choice would
undoubtedly be cost-effective by lowering direct
and indirect healthcare costs and, as docu-
mented by our previous paper on the ISTERP-1
study [14], by improving the quality of life of
well-trained patients.
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