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ABSTRACT:

BACKGROUND: To identify the skin-related complications in adolescents with type 1 diabetes (T1D) using the insulin pump therapy (IPT).

METHODS: A total of 64 T1D adolescents (between ages 13 and 19) using the insulin pump were included in this cross-sectional study. They
had visited the Diabetes Clinic at Diabetes Treatment Center, Prince Sultan Military Medical City, Saudi Arabia, for treatment from January
2018 to March 2018. Data on the prior and present skin-related complications, for a 6-month interval, were gathered via a closed/structured
questionnaire. Besides this, demographic information was also recorded.

RESULTS: From the patients in this study (n=64), 9.3% experienced 3 or more skin-related complications, whereas 7.8% patients registered
2 and 25% had only 1 such disorder. However, in 37 patients (51.8%), there was no evidence of skin-related complications. Significantly, the
female revealed a higher level of issues (P=.036), >3years on IPT (P=.039), negligence of infusion set rotation (P=.001), needle length of
9mm (P=.021), and beyond 3days for catheter replacement (P=.022). The factors age, body mass index, diabetes duration, and insulin
dosage remained quite unaffected. From the regression analysis, the factors female gender, catheter replacement, and infusion set rotation

showed up as the independent risk factors for the skin complications.

CONCLUSIONS: The IPT users invariably experience dermatologic conditions. Through this study, female gender, length of IPT usage time,
and infusion set rotations were identified as the independent risk factors responsible for the skin issues.
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Introduction
The Diabetes Atlas (eighth edition) reported that in Saudi
Arabia, 35000 children and adolescents had type 1 diabetes
(T1D), listing Saudi Arabia at number 8 in the world for the
number of patients with T1D and number 4 with respect to the
incidence rate of T1D (33.5 per 100000 population).!
Although the reasons for and risk factors related to T1D con-
tinue to remain obscure, the techniques for the cure and pre-
vention advanced until the present date have failed, with all
patients becoming dependent on insulin injection treatment
for their lifetime.? Recently, however, novel strategies have
been proposed such as utilization of insulin pumps, continuous
glucose monitoring, and hybrid closed-loop systems.3>

A few practical aspects related to pump therapy include
candidate selection, choice of site, and infusion set, in addi-
tion to the settings of various parameters for the pump and its
handling in the activities of daily living.68 Apart from these,
some manual mistakes made by insulin pump users could
cause dangerous medical problems such as hypoglycemia and
hyperglycemia and culminate in diabetic ketoacidosis, which
could be life threatening.” According to some studies, how-
ever, errors can also result in common dermatologic conditions
such as pigmentation changes, scar formation, lipoatrophy,

lipohypertrophy, and local skin irritations. Thus, skin issues
and the problems linked to pump usage have been reported in
some research papers as the principal causes for discontinuing
the continuous subcutaneous insulin infusion (CSII).® Impro-
ved patient education and the correct usage of the insulin
pump can reduce such skin problems.

Although insulin pumps are widely used, research related to
the correct understanding regarding the insulin pump set and
the associated complications such as dermatologic issues is
relatively meager. Therefore, the aim of this study was to dis-
cover the skin-related problems experienced by adolescents
with T1D, using the insulin pump as a means of treatment.

Methods
Study design and setting

This cross-sectional study was performed using 64 adolescents
with T1D employing insulin pump therapy (IPT) for more than
1year (ages 13-19) and visiting the Diabetes Clinic at Diabetes
Treatment Center, Prince Sultan Military Medical City, Saudi
Arabia, from January 2018 to March 2018. This study followed
the protocol prescribed by the Declaration of Helsinki and was
approved by the PSMMC Research Ethics Committee.
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Table 1. Baseline characteristics of the study population (n=64).

VARIABLE(S) FREQUENCY %
Age,y

13-15 (n=24) 24 37.5

16-19 (n=40) 40 62.5
Gender

Female 38 59.3

Male 26 40.7
BMI, kg/m?

<25 51 79.6

>25 13 20.4
Duration of diabetes

<5 27 42.2

>5 37 57.8
IPT duration

>3 35 54.6

<3 29 45.5

Abbreviations: BMI, body mass index; IPT, insulin pump therapy.

Patient selection criteria

All the participants selected were chosen with deliberation
and at their convenience, depending on them being available
during their scheduled routine outpatient clinic visits.
Verbal and written informed consent was taken from the
parents and adolescents regarding the aim and methodology
involved in this study. Parents and adolescents signed writ-
ten consent prior to enrolling in the study. The participants
were permitted to drop out of the research at will, with no
explanations asked. All the patients were using the MiniMed
Quick-set infusion set (Medtronic MiniMed, Northridge,
CA, USA).

Inclusion and exclusion criteria

The study included patients with T1D, from 13 to 19years of
age, who had been treated with IPT and followed up for at
least 1year, and not having any other concomitant chronic dis-
ease. The patients excluded were those having history of psy-
chopathology, medical instability, or with impairments of the
visual, hearing, or cognitive aspects.

Data collection

Using the standardized questionnaire, patient age, weight,
height, adjusted body mass index (BMI), duration of diabetes,

as well as data regarding the infusion set catheter insertion site

region, time between set changes, rotation of insertion sites,
needle length of infusion set, and IPT duration were recorded.

Body mass index

By dividing the body weight in kilograms by the square of
height in meters (kg/m?), the BMI of the patient was calcu-
lated. The BMI z score was also determined (with adjustments
for child age and sex). Using the formula (Xi-Mx)/SD, the z
score (or SD score) was estimated, in which Xi is the actual
measured value, Mx is the mean value for that particular age
and sex, and SD is the standard deviation corresponding to that
specific age and sex.10

Skin complications

The skin complications included patients exhibiting pigmenta-
tion changes,! scar formation,!! lipoatrophy, lipohypertro-
phy,'? and local dermatologic irritations.’®!# By administering
a closed/structured questionnaire, the prior and present skin
issues were recorded, for a 6-month period.

Statistical analysis

Data were analyzed using the Microsoft Excel 2010 (Microsoft
Corporation, Seattle, WA, USA) and Statistical Package for
Social Sciences version 22.0 (SPSS Inc., Chicago, IL, USA).
Besides the descriptive analysis, the %2 test was done to identify
the differences present in the group. Logistic regression analy-
sis was performed to recognize the variables associated with
the skin complications. The P value of <.05 was accepted as
having statistical significance.

Results

Table 1 lists the features of the study group. Most of the study
groups are women (59.3%), in the 16- to 19-year category
(62.5%), with BMI <25kg/m2 (79.6%), diabetes for >5years
(57.8%), and patients on the insulin pump treatment for
23 years (54.6%).

In Table 2, the demographic and clinical variables associ-
ated with the skin complications are listed. Significant differ-
ences were evident in the factors female sex (P=.036), >3 years
on IPT (P=.039), nonrotation of the infusion set (P=.001),
9mm of needle length (P=.021), and catheter replacement
for above 3days (P=.022). However, the factors, age, BMI,
diabetes duration, and insulin dosage revealed no significant
differences.

Table 3 shows that regression analysis was done for all the
variables exhibiting statistical significance in the “x?” test,
revealing that the independent risk factors for the skin compli-
cations included female sex, catheter replacement, and infusion
set rotation (Table 3).

Table 4 highlights the general dermatologic issues exhib-

ited among the study population. Pigmentation changes and
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Table 2. Demographic and clinical variables associated with skin
complications.

VARIABLE(S) SKIN NO SKIN P VALUE
COMPLICATIONS  COMPLICATIONS
(N=27, %) (N=37, %)

Age,y
13-15 12 (50%) 12 (50%) .236
16-19 15 (38%) 25 (63%)

Gender
Female 20 (53%) 18 (47%) .036
Male 7 (27%) 19 (73%)

BMI, kg/m?
<25 21 (41%) 30 (59%) 492
>25 6 (46%) 7 (54%)

Duration of diabetes, y
<5 15 (43%) 20 (57%) .554
>5 12 (41%) 17 (59%)

Catheter replacement, d
<3 7 (26%) 20 (74%) 022
=3 20 (54%) 17 (46%)

Rotation
Yes 11 (25%) 33 (75%) .001
No 16 (80%) 4 (20%)

Needle length, mm
6 5 (23%) 17 (77%) .021
9 22 (52%) 20 (48%)

IPT duration, y
<3 13 (33%) 27 (68%) .039
>3 14 (58%) 10 (42%)

Dose of insulin, p/kg/d
<0.7 7 (33%) 14 (67%) .233
>0.7 20 (47%) 23 (53%)

Abbreviations: BMI, body mass index; IPT, insulin pump therapy.

localized irritations in the skin ranked among the most fre-
quent complications encountered in the group under study,
followed by scar formation and lipohypertrophy.

Figure 1 shows that 9.3% of the study population exhibited
3 or more skin complications, whereas 7.8% patients revealed 2
and 25% showed only 1 complication. In the study population,
37 patients (51.8%) experienced no skin complications.

Table 3. Results of regression analyses with 95% confidence interval
for significant confounders of gender catheter replacement, rotation,
needle length, and insulin pump duration on skin complications.

VARIABLE OR (95% Cl) P VALUE
Gender

Male 1

Female 2.68 (2.27-84.2) .004

Catheter replacement, d

<3 1

>3 1.48 (0.89-21.8) .042
Rotation

Yes 1

No 3.22 (4.02-87.4) .001

Needle length, mm

6 1

9 0.94 (0.49-13.1) .26
IPT duration, y

=3 1

<3 0.95 (0.61-11) 19

Abbreviation: IPT, insulin pump therapy.

Table 4. Skin complications among the study population.

SKIN COMPLICATIONS NO. (%)
Changes in pigmentation 25 (39.1)
Occurrence of scars 11 (17.2)
Lipoatrophy 1(1.5)
Lipohypertrophy 11 (17.2)
Local skin irritations 23 (35.9)
60 57.8 (n=37)
55 4
50 4
E‘ 45 4
g 40
g 35
£ 30
F 25 (n=16)
o 25
E 20 4
g 151
S 1 7.8 [n=5) 9.3 {n=6)
5 4
0
No complication One Two Three and more

of skin

Figure 1. Number of skin complications among the study population.
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Discussion

One of the growing forms of intensive insulin therapy is via
CSII or IPT, which contains more accurate insulin supply and
the ability to correct basal insulin levels to improve the glucose
control, reduced risk of hypoglycemia, and better quality of
life.’> However, not all patients are capable to manage their
diabetes with a pump. To achieve the complete benefits of IPT,
constant adherence to the prescribed diabetes regimen is essen-
tial. It is therefore important to identify pump patients who
have the probability of succeeding with this form of therapy.’®
Various studies reported that manual errors committed by these
insulin pump users may result in dermatologic problems, which
can negatively influence the kinetics of insulin absorption and
induce glycemic fluctuations higher or lower than the target
blood glucose levels, to the point of even inducing life-threat-
ening medical complications.”16718 This study aimed at investi-
gating the skin-related complications among the study group
of adolescents with T1D using the insulin pump.

Reports from the univariate analysis of the study group
revealed that the most crucial risk factor for the skin problems
was the negligence of rotating the infusion set. The regression
analysis confirmed that patients who neglected to rotate the
infusion set had nearly 3.22-fold greater risk than the ones who
rotated the infusion set within the recommended 3-day time
limit. Prior research showed that skin issues can arise due to
acute reaction to the insulin infusion set (IIS) or its long-term
use at the same site and is expressed as redness, pruritus, pain,
or scar formation.'®1% This type of irritation can arise from the
insertion itself and/or the plaster used, and in rare instances,
inflammation or even infection was noted.!82021 In the nation-
wide pediatric surveillance of IIS in Germany and Austria,
some actual publications showed that 192 (29%) patients
exhibited no IIS issues at all. However, in the remaining 475
(71%) patients, 1404 events were reported.?’?? Also, 33.9%
most often revealed IIS obstruction. Then, 14.2% of the
patients reported the presence of blood in the IIS, whereas
11.1% showed skin redness and 10.1% demonstrated bent can-
nula. Interestingly, 36.2% of the problems reported actually
took place by the first day of IIS usage and 82.4% by the end of
the second day. From a therapeutic perspective, the alterations
in insulin absorption reported over time and triggered by the
length in time of IIS usage are disquieting.!® According to
Schmidt et al, the incidence of IIS-related occurrences corre-
sponds to the length in time of the IIS usage under clinical
conditions. From this study, it is evident that the patients could
use the IIS with no harmful effects for a minimum of 2 days; by
the third day, several types of skin and infusion set-related and
treatment-related tolerance issues began to emerge, necessitat-
ing, in part, an IIS change,? concurring with our results drawn
from the univariate analysis and logistic regression analysis on
the interval of catheter replacement. It was Perrin et al>* who
recorded that the possible issues which could arise in the adult
and adolescent patients when infusion sets were used beyond

the recommended 48 to 72hours may be technical in nature
and include, although not be restricted to, the local reactions of
the skin to the adhesive, causing the redness, itching, and other
indications of irritated skin. According to the manufacturers of
IISs and insulin formulations employed in the insulin pumps, a
change in the IISs and infusion site every 2 to 3 days is sug-
gested to prevent skin and infusion issues.!® It must be noted
that such infusion site-linked recommendations are given,
depending only on the findings drawn from anecdotal data
regarding the daily usage of the IIS.1® However, meticulous and
exhaustive research that can offer a scientific justification for
predicting a safe interval for the infusion set changes continues
to be a pressing need.

It is reported that it may be more difficult for women to
control their blood sugar levels because of several factors,
including those like hormone-level fluctuations, especially dur-
ing puberty. This can influence the sensitivity of the body to
insulin-inducing blood sugar level fluctuations, which may pre-
cipitate greater injuries and disorders such as skin issues in
women than in men.?> These results imply that young female
patients with T1D may require extra monitoring. From this
study, it is clear that the skin problems occurred more fre-
quently among the Saudi girls, possibly because these women
always wear the abaya (a sleeveless full-length, outer robe), cov-
ering the entire body?® and this attire code could be main rea-
son for the women in Saudi Arabia to ignore the IPT-induced
skin complications. Similar to other diabetes-related issues,
dermatologic complications occur more frequently among the
patients with T1D.

This study includes some limitations, as it was performed in
a single medical center, and investigated only a few risk factors,
within a restricted number of patients; therefore, further inves-
tigative research is necessary. Nevertheless, this study provides
significant perception and awareness of skin disorders among
adolescent patients with T1D in Saudi Arabia.

Conclusions

Generally, IPT users tend to develop skin-related complica-
tions. In this work, the factors female gender, duration of IPT,
and infusion set rotations were the crucial risk factors recog-
nized. Therefore, it is the responsibility of the health care pro-
viders, the diabetes educators, in particular, to be watchful and
examine these indicators when considering and conversing
about IPT for children with type 1 diabetes and with those
providing them care. Every patient must receive training and
be warned against using the insulin pump infusion sets beyond
the time period recommended. The diabetes educator requires
training to use techniques that will minimize the skin-related
complications. Finally, this study could recognize only some
conditions, thus reiterating the necessity for prospective stud-
ies that would help improve the ways of preventing and treat-
ing such skin-related complications in patients with T1D
using the insulin pump.
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