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ABSTRACT

Introduction: Proper insulin injection/infusion
is essential to optimize insulin absorption and
action. Guidelines on insulin injection tech-
niques are available. Lipohypertrophy (LH) is a
local complication of insulin therapy, which
results in erratic absorption and impaired gly-
cemic control.
Methods: Children and adults with type 1 dia-
betes on insulin injection or infusion were
enrolled in the study. Subjects were interviewed
and filled in a questionnaire on injection/infu-
sion routines. Sites of injection/infusion were
examined by trained diabetes educators, and
capillary HbA1c was obtained.

Results: One hundred sixty-nine subjects (104
children) with type 1 diabetes were enrolled;
119 were on multiple daily injection (MDI) and
50 on insulin pump therapy. Seventy-two per-
cent and 82% of children and adults, respec-
tively, rotate site at every injection; 78% of
pump users change infusion set and 74% rotate
site at 2–3 days. Thirty-nine percent and 32% of
children and adults had LH. HbA1c was lower in
children and adults with no LH (P\ 0.001). An
association was seen between LH and rotation
frequency in children (P = 0.026). LH was the
most common skin complication in the MDI
group, while nodules, allergy marks and
hyperpigmentation were seen in pump users.
Conclusion: Proper injection/infusion routines
impact glycemic control and skin health. Edu-
cation and examination of injection sites
remain a crucial part of diabetes management.
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INTRODUCTION

A dramatic evolution is currently witnessed in
advancing insulin injection and infusion devi-
ces. However, inaccuracies in basic routines of
delivering insulin remain a major obstacle to
optimum diabetes control. Optimizing the
pharmacokinetics and pharmacodynamics of
insulin depends on proper insulin injection [1].
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Guidelines and recommendations on proper
insulin injection techniques are available [2].
However, various factors might interfere with
concordance with these recommendations. The
recently published worldwide injection tech-
nique questionnaire results revealed multiple
improper injection techniques. Of those, the
existence of inappropriate use of longer needles,
failure to rotate injections properly and reuse of
needles were observed internationally [3].
Improper injection techniques result in forma-
tion of hypertrophic tissues from needle clog-
ging and bending, which leads to insulin
crystallization, inaccurate dosing, increase in
pain and insulin leakage [4]. Despite release of
guidelines on injection techniques and educa-
tion, there is still a high prevalence of lipohy-
pertrophy (LH). Reasons extend to a possible
poor knowledge of subcutaneous tissue anat-
omy and the body response to insulin injection
by patients and health care professionals [5]. In
addition, there might be a difference in the
anatomy of structure influenced by race in
multi-ethnic societies, which should be con-
sidered [5].

LH as a local complication of insulin therapy
is well recognized. Despite improvements in
insulin purity and the introduction of recom-
binant human insulin, its prevalence has
remained high [3]. Histologically, the hyper-
trophic adipocytes are twice as large as those
from normal subcutaneous areas and contain
numerous small lipid droplets [6]. A recent case
was reported to show a large lipohypertrophied
area of a fluid reservoir detected by ultrasonog-
raphy subcutaneously. Analysis of the fluid
showed a 13-fold higher concentration of
insulin compared with the circulating level [7].
Electron microscopic analysis revealed features
suggestive of active differentiation or prolifera-
tion of adipocytes.

Although the cause of LH is not fully estab-
lished, the predisposing conditions may be the
injection trauma to the skin and subcutaneous
tissue. In addition, repeated use of insulin pen
needles is commonly seen among patients with
diabetes and is linked with LH [3, 8]. The asso-
ciation is thought to be due to damage of the
needle tip, breakage and removal of lubricant.
Mechanical deformation of re-used needles is

confirmed by high magnification levels under
the electron microscope [9]. Repeated needle
use increases the risk of infection. Growth of
microflora (Staphylococcus epidermidis) was
found at a higher percentage in the skin of
patients who reuse the needles [10], and devel-
opment of peripheral abscess in subjects who re-
use insulin syringes has been reported [11].

In addition to the re-use of needles, lack of
rotation of injection sites and use of limited
injection areas have a well-known association
with development of LH [3]. Proper rotation of
injection sites and avoiding needle reuse result
in prevention or pronounced reduction of LH
[12, 13].

The slowing effect of LH on insulin absorp-
tion is known to be of significant clinical
importance. It results in an erratic absorption of
insulin and is directly associated with impaired
glycemic control [14]. In addition to the
reduced absorption, LH raises within-subject
uptake variability 3–5 fold [15]. Reduction of LH
is proven to improve glycemic control [12, 13].

The main principles of proper injection
techniques apply to insulin infusion. Studies on
patients using insulin pump therapy reveal
multiple dermatologic complications related to
use of insulin infusion sets [16, 17]. Of those
complications, LH was found to be the most
common [18].

We aimed to explore the injection and
infusion routines in a cohort of children and
adults with diabetes. We also aimed to study the
impact of improper techniques on development
of LH and glycemic control.

METHODS

The study was undertaken at the Endocrinology
Department at Mafraq Hospital and was
approved by the Mafraq Hospital Research &
Ethics Committee. Children ([ 8 years) and
adults with type 1 diabetes on insulin injection
or insulin pump therapy were eligible to par-
ticipate in the study. Patients with type 2 dia-
betes were excluded. All procedures performed
in this study were in accordance with the
Mafraq Hospital Research & Ethics Committee
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and 1964 Helsinki Declaration and its later
amendments.

All participants on insulin injections were
using insulin pens. All enrolled children on
insulin injections used 4-mm needles. Adults
were using 4- or 5-mm needles for insulin
injections.

Participants were either seen in the outpa-
tient department during a routine follow-up or
were in-patients. Subjects were approached by
the study team member to participate, and
those who consented were enrolled. Adults and
parents of children were asked to sign a consent
for participation.

Subjects’ demography and diabetes history
were obtained from medical records [age, dura-
tion of diabetes, insulin total daily dose (TDD)].
Patients were interviewed by a study team
member and asked to fill in a questionnaire on
insulin injection/infusion routines. Participants
were examined by a trained diabetes educator
for sites of injection/infusion and their related
skin abnormalities. Technique for detecting
lipohypertrophy utilized inspection and palpa-
tion of injections areas as described by Gentile
et al. [19]. All participants had a point of care
capillary HbA1c on the day of enrollment.

The areas and choices enquired about in the
questionnaire were:
1. Preferred injection/infusion site: abdomen,

thighs, arms, buttocks, no preference.
2. Frequency of needle change: at each injec-

tion, daily, longer.
3. Complications faced with insulin infusion

site: bleeding, bruising, infection, allergy,
leakage, discoloration.

4. Frequency of rotating injection/infusion
site: at each injection, daily, longer, rarely.

The questionnaire was validated by using it in a
group of patients who were not participating in
the study and a group of hospital staff.

Statistical Analysis

SPSS software was used to perform the data
analysis. Descriptive statistics, frequencies and
rankings were obtained. Chi-squared analysis
was performed where appropriate for contin-
gency tables. Log linear analysis and ANOVA

were used for the analysis of individual param-
eters, and multiple regression and correlation
analyses were used for multi-parametric analy-
sis. Two-tailed tests were used in all analyses.

RESULTS

Demographic Characteristics of the Study
Population

One hundred four children with type 1 diabetes
were enrolled in the study; 54 were on multiple
daily injection (MDI) and 50 on insulin pump
therapy. Mean age (SD) was 12.11 (± 4.1) with a
duration of diabetes of 4.08 (± 3.58) years. The
mean (SD) HbA1c was 8.4 (± 1.25)
(68 mmol/mol). The duration of insulin pump
use was 2.36 (± 1.95) years. Mean TDD of
insulin was 40.26 (± 27.6) units (equivalent to
0.93 U/kg/day).

The adult study population consisted of 65
subjects. All were on MDI. Mean (SD) age was
54.65 (± 16.04) years. They had diabetes for a
duration of 15.58 (± 8.74) years. The TDD of
insulin was 71.03 (± 51.19) (equivalent to 0.90
U/kg/day) and mean HbA1c was 7.6%. (± 1.11)
(60 mmol/mol) (Table 1).

Insulin Injection and Infusion Sites

Of the children on MDI, for 27 (50%), arms were
the preferred site of injection, while thighs were
the preferred site of injection in 19 (35.2%). In
eight patients, the abdomen was the preferred
site, and none chose the buttocks as the pre-
ferred site for injection.

Children on pumps scored the abdomen as
the preferred site for infusion set insertion
(51%) followed by the legs in 26%. The buttocks
and arms were preferred by 10% and 6%,
respectively, with the remaining 7% having no
insertion site preference. In the adult group, the
thighs and abdomen were equally preferred for
injection. Twenty-four (37%) participants indi-
cated that the thighs and abdomen are the
preferred site each. None of the participants
chose the buttocks as the preferred site, while in
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12, the arms were the preferred site. Five did not
have one specific preferred site.

Injection and Infusion Site Rotation

Thirty-nine (72.2%) children on MDI rotate
their site at every injection; 10 (18.5%) rotate
every day, while 5 (9.3%) rotate at a lower fre-
quency. In adults, 53 (81.5%) participants
replied that they rotate their injection site for
every injection. Seven (10.7%) indicated that
they rotate their injection sites daily, and five
(7.7%) rotate less frequently than daily. None of
the participants indicated complete lack of
rotation of sites (Table 2). Thirty-seven (74%)
children on insulin pump therapy rotate the
infusion site every 2–3 days. Ten (20%) and
three (6%) rotated the infusion site every
4–6 days and weekly, respectively (Table 3).

Frequency of Injection Needle Use
and Infusion Set Changing

In children with MDI, 90% use a new needle
with every injection. Of the adults, 55 (84.5%)

change their needles at every injection, while 7
(10.8) change their needles daily and 2 (3.1%)
change it weekly or longer. Of those who do not
change needles for every injection, the majority
indicated that injection with a used needle is
more painful. Seven of the nine adults (77%)
who do not change needles at every injection
indicated that they bruise and bleed more often
with the re-used needles.

Thirty-nine (78%) children on insulin pump
therapy change the infusion set every 2–3 days
as per the manufacturer’s recommendation.
Nine (18%) change it every 4–6 days, while two
(4%) change it weekly (Table 3).

Lipohypertrophy Prevalence

Thirty-three (61%) children on MDI did not
have LH when examined, while 21 (39%) had
LH at varying sites. Arms were the most com-
mon site for LH, which was seen in nine (42.8%)
subjects followed by the thighs in seven (21%)
and abdomen in one subject. Four (19%) sub-
jects had LH at multiple sites: arms, thighs and

Table 1 Study population demography

Children mean (SD) Adults mean (SD)

Number 104 (54 MDI, 50 pumps) 65 (all MDI)

Duration of diabetes (years) 4.08 (3.58) 14.58 (8.74)

Age (years) 12.11 (4.1) 54.65 (16.04)

Duration of pump use (years) 2.36 (1.95) N/A

TDD (IU) 40.26 (27.6) 71.03 (51.19)

Weight (kg) 43.37 (17.19) 78.31 (20.76)

HbA1c (%) 8.39 (1.25) 7.6 (1.11)

Table 2 Injection site rotation and association with LH in adults and children

Injection site rotation routine Lipohypertrophy (adults) Lipohypertrophy (children)

No Yes No Yes

Rotate every injection 38 (71.7%) 15 (28.3%) 28 (71.8%) 11 (28.2%)

Rotate daily 3 (42.9%) 4 (57.1%) 4 (40%) 6 (60%)

Rotate less often 3 (60%) 2 (40%) 1 (20%) 4 (80%)
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abdomen. Of the pump users, 18 had LH (36%).
All were at the abdomen.

In the 65 adults examined, 21 (32.3%) had
LH. Abdomen was the most common site for LH
with 14 of the 21 showing LH at that site either
in isolation or among LH in other sites. There
was no difference of the lipohypertrophy
prevalence in relation to the duration of
diabetes.

Relationship Between Lipohypertrophy
and Glycemic Control

Children who did not have LH had a mean (SD)
HbA1c of 7.9 (± 1.02) (63 mmol/mol), while
HbA1c for those who had LH was 9.0 (1.31)
(75 mmol/mol). This difference was statistically
significant (P\0.001). In adults, mean (SD)
HbA1c was 7.1 (± 0.9) (54 mmol/mol) and 8.5
(± 0.83) (69 mmol/mol) in patients who had or
did not have LH, respectively. The difference
was statistically significant (P\0.001).

Association Between Lipohypertrophy
and TDD

Children who had LH used a mean of 34.9
(19.8) units of insulin a day (equivalent to
0.80U/kg/day) compared with those with no LH
who used 43.7 (30.5) (equivalent to 1.0U/
kg/day). The difference was not statistically
significant (P = 0.246). In adults, the mean
insulin was 73.8 (74.6) and 69.7 (36) for those
who did and did not have LH, respectively. The
difference was not statistically significant
(P = 0.765).

Lipohypertrophy and Frequency
of Rotation in MDI and Pump Therapy

In children, there was an association between
the presence of LH and the frequency of rota-
tion; 28.2% of those who rotate every injection
have LH, while 60% of those who rotate only
every day have LH and 80% of those who rotate
at a longer frequency. These differences are
significant at P = 0.026. In the adult group,
there was a trend toward the presence of LH
being associated with the frequency of rotation,
too; 28.3% of those who rotate every injection
have LH, while 57.1% of those who rotate only
every day have LH. However, unlike among the
children, these differences were not statistically
significant (P = 0.287) (Table 2).

Among the pump users, of the 37 partici-
pants who rotate the infusion site every
2–3 days, 12 (32%) had LH, while 67% of those
who rotated weekly had LH. Unlike the MDI
group, there was no clear association between
the presence of LH and frequency of rotation.
Differences were not significant (P = 0.587)
(Table 3).

Needle Re-Use, Infusion Set Change
Frequency and Lipohypertrophy

In children and adults, there was no association
between LH and reuse (P = 0.866 and P = 0.523,
respectively). However, the very low number of
re-users made it difficult to show any relation-
ship. Similarly, no association was observed
between the prevalence of LH and the fre-
quency of the infusion set changes (P = 0.85)
(Table 3).

Table 3 Frequency of changing and rotating infusion set sites in children on insulin pump therapy

Frequency of changing
infusion set

Frequency of rotating
infusion site

LH

Every 2–3 days 39 (78%) 37 (74%) 32%

Every 4–6 days 9 (18%) 10 (20%) 46%

Weekly 2 (4%) 3 (6%)

Total 50 P = 0.58
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Skin Complications in Insulin Pump Users

Allergic reaction was reported by 33 partici-
pants, bleeding by 30 and insulin leakage by 19.
Fifteen patients reported bruising, 11 reported
discoloration, and 7 reported infection at the
site of insertion of infusion sets. Eighty percent
of participants reported a combination of vari-
ous complications.

When examined by the study team mem-
bers, 23 (46%) had no skin complications and
18 (36%) had LH. Nodules, allergy marks and
hyperpigmentation were seen in 4 (8%) and 3
(6%), respectively.

DISCUSSION

It has been reported that the frequency of LH
remains high and is more frequently seen in
children than adults [3]. This is the case despite
the generally lower duration of diabetes and
injection and lower absolute TDD of insulin in
children. This observation led to the conclusion
that the practice of injecting in a small area due
to limited injection space in smaller bodies
might be the reason for the higher frequency of
the LH [3]. In our cohort, 39% of children had
LH compared with 32% of the adult group. The
presence of LH and the practice of injecting into
LH were associated with higher HbA1c values
[3]. Our results agree with this evidence as we
observed higher HbA1c in both children and
adults who had LH. The difference was statisti-
cally significant (P\0.001). Reduction of LH by
taking appropriate measures on injection is
proven to improve glycemic control [12, 13],
hence the importance of its detection and
prevention.

It was reported that LH is significantly less
common in overweight and obese patients
[16, 20]. However, detection of LH requires both
examination and palpation of injecting sites as
some lesions can be more easily felt than seen
[21]. Accordingly, all our study participants
were examined by trained diabetes educators to
confirm LH indicated in the subjective answers
in the questionnaire.

The worldwide injection technique ques-
tionnaire multivariate analysis of the pediatric

cohorts showed an association between LH and
lack of site rotation, excessive needle reuse,
longer duration of insulin use and higher
number of daily injections [3]. Repeated use of
insulin needles and lack of injection site rota-
tion result in LH [22]. Similar results were con-
firmed by Vardar et al. who found an
association between the presence of LH and the
failure to rotate sites, using small injecting
zones, repeatedly injecting into the same loca-
tion and reusing needles [23]. In our study, we
found that the rotation routine was positively
associated with the frequency of LH. While
28.2% of those who rotate every injection had
LH, the percentage was doubled in those who
rotate sites only every day. The majority of
children (80%) who rotate sites at a longer fre-
quency had LH. The difference was significant
(P = 0.026).

In adults, there was a trend toward the
presence of LH being associated with the fre-
quency of rotation, too; 28.3% of those who
rotate every injection have LH, while 57.1% of
those who rotate only every day have LH.
However, unlike children, these differences
were not statistically significant (P = 0.287)
(Table 2). This observation could be attributed
to the small sample size and the large SD. The
sites of LH in patients injecting insulin are
variable. Omar et al. showed that prevalence of
LH was more commonly seen in the arms
compared with thighs, which were less fre-
quently used as injection sites [20]. In our study,
arms were the preferred site for injection and
the most common site for LH in children fol-
lowed by thighs and abdomen. Nineteen per-
cent of the children had LH at multiple sites:
arms, thighs and abdomen. In contrast, LH was
more commonly seen in the abdomen and
thighs in adults in whom thighs and abdomen
were more commonly used. The observation of
the association of the LH site being the most
common site of injection is also seen in pump
users. Thirty-six percent of pumpers had LH,
and all the LH areas were in the abdomen,
which was voted the favorite site for infusion
set insertion.

There is a strong tendency for patients who
reuse needles to have more hypertrophic
lesions. It was reported by the European
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epidemiologic study on the technique of insulin
injection that the risk of LH in patients reusing
needles is 31% higher with 70% of patients who
re-use needles having LH [24]. A Spanish study
showed that the relative risk of LH doubled
when the needle was used 3–5 times but went
up fivefold with use over 5 times [22].

We found a low rate of needle re-use in our
study with 90% of children and 85% of adults
changing their needle at every injection. Of
those who do not change needles at every
injection, the majority commented that injec-
tion with a used needle is more painful. Seven
of the nine adults who do not change needles at
every injection indicated that they bruise and
bleed more often with the re-used needles. As
the rate of needle re-use was low, we were not
able to establish its association with the preva-
lence of LH.

The rate of skin complication of pump users
in our study seems to be lower than those found
in an earlier study in children and adolescents
[16]. In that study, 94% had scars, 66% had
erythema, 62% had nodules and 42% had LH.
Similarly, in another study with 78 children on
insulin pump therapy, 46% of these reported
lipohypertrophic areas at the insertion site [17].
Of our patients on pump, 36% had LH, 8% had
nodules and 14% had either hyperpigmentation
marks or nodules. In a survey of adult patients
on insulin pump therapy, it was found that the
most common infusion site problem was LH
(26.1%). This complication occurred more often
in those with long duration of pump therapy
[18]. In our cohort, allergic reaction to adhe-
sives was the most common complication of
pump insertion reported by patients followed
by bleeding, insulin leakage, bruising, discol-
oration and site infection. On examination, LH
was detected in 36% of patients. Thirty-nine
(78%) children on insulin pump therapy
change the infusion set every 2–3 days as per
the manufacturer’s recommendation. Nine
(18%) change it every 4–6 days, while two (4%)
change weekly. We found no association
between the prevalence of LH and the fre-
quency of the infusion set changes (P = 0.85)
(Table 3). However, 54% of patients indicated
that blood glucose readings tend to go up by the
last day of insertion if they exceeded 3 days in

changing the infusion set. This observation was
reported before by Clausen et al., who examined
the effect of subcutaneous catheter insertion on
adipose tissue blood flow and insulin absorp-
tion [25]. Total daily dose of insulin did not
seem to correlate with LH prevalence in our
study. Children and adults who had a higher
TDD/kg/day than others did not have a higher
prevalence of LH. Comparing children and
adults, we found that children had higher
prevalence of lipohypertrophy despite the fact
that they had a lower absolute total daily dose
of insulin and a comparable total daily dose per
kg of weight. Overall, neither the total amount
of insulin injected/infused nor the frequency of
rotation of the infusion sites in pump users
enhanced the development of LH. These
observations favor the effect of trauma on
development of the LH rather than the anabolic
effect of insulin on the subcutaneous tissue.

Our study highlights important findings that
are not confined to our cohort but can be
applicable to patients with diabetes globally. In
the current era of modern medicine, health care
professionals might be carried away by the
advanced technology at the expense of the
basics rules of education. Our study’s strength is
that it included both children and adults and
explored both MDI and insulin pump therapy.
In addition, subjective answers of questionnaire
were confirmed by physical examination by
trained diabetes educators. However, it has
limitations particularly in relation to the rela-
tively small number of participants and the
single-center origin of data. In addition to
exploring the glycemic control in relation to
the injection/infusion routine, it would be use-
ful to examine the impact on hypoglycemia and
acute hyperglycemic complications, which we
plan to research in a future study.

CONCLUSION

We conclude that assessment of injection/in-
fusion routines and examination of injection
sites remain a crucial part of routine care offered
to patients with diabetes. While basic education
of proper injection/infusion techniques does
not require major changes in health care
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systems, allocating time for reassessment within
busy clinic schedules might be a challenge. Our
recommendations in relation to injection tech-
niques are in concordance with the newly
published multi-country survey practice impli-
cations by Kalra et al. [26].
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