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ABSTRACT:

Diabetes devices, such as insulin pumps, glucose sensors, and
integrated automated insulin delivery systems, have brought about
a transformative impact on the management of diabetes. This impact
has been particularly significant for individuals with type 1 diabetes
and increasingly for those with type 2 diabetes. These devices are
designed for continuous wear, necessitating the consistent use of
infusion sets, patch pumps, or glucose sensors that are inserted into
the skin.

Regrettably, numerous studies have highlighted that skin-related
issues stemming from diabetes devices are rather common. These
problems encompass various forms of skin injury, allergic and
irritative contact dermatitis, itching, wound formation, scarring, and
lipodystrophies. The utilization of diabetes devices, both in the
present and the foreseeable future, faces significant challenges due
to these skin complications, but preventive strategies exist for
especially skin injuries including use of a skin care regimen or
patches. These challenges culminate not only in the discontinuation of
device usage but also in decrease in quality of life and heavier
disease burden.

This narrative literature review comprehensively synthesizes existing
knowledge about skin problems triggered by diabetes devices,
encompassing children, adolescents, and adults. The review delves
into definitions, underlying causes, prevention strategies, and
treatment  approaches. Finally,  the review provides
recommendations for future research directions in skin problems and
suggestions for advancement of in the part of diabetes devices in
close contact with the skin to reduce device-related skin problems.
Abbreviations: AID: Automated Insulin Delivery, T1D: Type 1
Diabetes
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Introduction

More than 8 million individuals worldwide are
currently living with type 1 diabetes (T1D)!, a
chronic autoimmune condition characterized by
dysfunctional pancreatic beta-cells, resulting in
insufficient  insulin  production leading to
hyperglycemia and necessitating lifelong
treatment2. The primary approach to managing
T1D involves the precise administration of insulin to
achieve near normal blood glucose levels, avoiding
both hyperglycemia and hypoglycemia3. Over the
past decades, an increasing number of people have
been turning to diabetes devices, such as insulin
pumps, glucose sensors, or a combination of both, to
optimize their glycemic control4. These devices offer
added advantages, making them easier to
integrate into daily life for individuals of all ages,
whether at home, at work, in kindergarten, or at
school5:¢.

One such advancement in this field is the auvtomated
insulin delivery (AID) system, which integrates an
insulin pump, a glucose sensor, and an artificial
intelligence algorithm. This system is designed to
automate insulin dosing based on real-time glucose
levels, enhancing the management of T1D4 In a
recent cross-sectional study based on more than
3000 participants from our center, we have shown
how AID are highly superior to other treatment
modalities with CGM and therefore must be
considered as the preferred treatment choice, at
least when insulin pump treatment is chosen’.

The function of an AID system or even just a glucose
sensor or an insulin pump rely on the continuous
adhesion to the skin from the patch of the insulin
pump and/or the glucose sensor8. Unfortunately
many studies have demonstrated the occurrence of
different skin problems due to the use of these
devices and thereby potentially limiting the use of
diabetes devices®. Therefore, the purpose of this
review is to summarize current knowledge and
recent research within the field of skin problems due
to diabetes devices.

Definition of skin problems

Skin problems or dermatological complications due
to diabetes devices are a whole range of different
types of reactions all found on the skin visually after
removal of the diabetes device. Overall, the
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reactions can be separated in four distinct types of
reactions: eczema (allergic or irritative), infection,
skin injury and lipodystrophy, where the latter
includes both lipoatrophy and lipohypertrophy and
is found only relevant as a reaction to the injection
or infusion of insulin and not in relation to glucose
sensors®. Most do judge the patches and the medical
adhesives to be responsible for reactions of both
irritative and allergic eczema as well as wounds?:19,
whereas infections are caused by microbial
contamination and can theoretically be seen at both
insulin pump and glucose sensor sites, but are
primarily seen in relation to insulin pump usages'’.12,
The specific eczema reactions in relation to diabetes
devices are characterized as contact dermatitis’s,
whereas other dermatological manifestations
include the unspecific group of skin injury including
scars and wounds which could be speculated to be
later manifestations of contact dermatitis in some
circumstances or just an unspecific skin injury. ltching
is a very important symptom related to especially
contact dermatitis but also infections and skin injury,
especially in children and adolescents itching is
crucial interfering with other daily life and resulting
in further dermal manifestations due to
scratching'1.14,

When it comes to the frequency of skin problems,
studies have shown that 90% of pediatric insulin
pump users and 80% of pediatric glucose sensor
users had experienced some kind of skin problem
over the time'5, compared to 80% of adult insulin
pump users and 71% of adult glucose sensor
users'é. This highlights the magnitude of these
reactions in users of diabetes devices with children
and adolescents being more affected than adults.
A recent study, utilizing the UK general practice
database, examined skin problems in individuals
using insulin pumps and those using apomorphine
pumps as treatment for Parkinson’s disease. They
found similarly that approximately  40%
experienced skin events and that infections and
contact dermatitis were the most frequent in both
groups independent of time between change of
infusions sets that varied from daily for
apomorphine infusion sets to up to 7 days for
different sets for insulin infusion'”. The intensity,
severity and consequences of skin problems vary
significantly, and many gaps in our knowledge
about the pathophysiology, treatment, and
prevention of these issues still exist.
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Figure: Types of Skin Problems in four major groups
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ltching is a commonly reported symptom in many
users of both insulin pumps and glucose
sensors' 11516, |t can be found without further visual
symptoms or in relation to contact dermatitis, scars,
wounds or lipodystrophies'8. Dry skin and itching
symptoms are also in general more commonly
observed in children with T1D compared to their
healthy peers'?, even though the skin barrier is not
found to be impaired neither in children and
adolescents nor in adults with T1D29, Itching can be
a very frustrating symptom interfering with
everyday life and in children, it have been
associated with sleep disturbances, difficulty in
concentration and attempts to scratch off the
device'4. ltching can ultimately result in the vicious
circle of skin barrier defect by scratching and
thereby increase allergen penetration and increase
susceptibility to contact dermatitis?!.

Contact dermatitis

One of the most persisting reactions towards
diabetes devices are the contact dermatitis, which is
an inflammatory skin reaction caused by either
irritative or allergenic substances where reactions
therefore are characterized as either irritant or
allergic contact dermatitis?22,  The distinction
between the two types is based on a proven
allergic reaction through a positive patch tfest
towards a panel of allergens and the patients’
devices, and irritant contact dermatitis is therefore
an exclusion criterion. Though, knowledge on
specific allergens are needed in order to patch test
for the relevant panel of allergens23. The most
frequent allergens are in a recent systematic review
found to be colophony and acrylates both being
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important substances in the production of a medical
adhesive'.

The frequency of contact dermatitis in cross-
sectional studies depend on methods and definitions
used. For example, a German study in 2020
examined children and adolescents and found 14%
of insulin pump users and 18% of glucose sensor
users had current contact dermatitis'!. In a survey
study, 35.9% reported experiencing “local skin
irritation”24 while another study described that
approximately 20% recognized their skin as “red
and itchy”25, A cross-sectional study of self-reported
prevalence of contact dermatitis discovered around
25-33% in children and adolescents's and 16-25%
in adults'é. The first prospective study of skin
problems have revealed more than 20%
experiencing at least 1 visible contact dermatitis
during the first year of device use in a pediatric
cohort'2, All in all, the conclusion is that between 14-
35% of users of both insulin pump and glucose
sensors do evolve contact dermatitis but the real
prevalence of irritative vs. allergic contact
dermatitis is difficult to establish since this requires
a patch test. One study saw in 17/52 (33%) a
negative patch test indicating these were irritative
or the allergen were not included in the patch test
series26. Another study found 9/24 (24%) had
negative patch tests with a broader panel of
allergens23. Investigation of the prevalence of
allergic contact dermatitis in general diabetes
populations are only available from glucose sensor
users showing 3.8 to 5.3 % in respectively Freestyle
libre® users?” and a mix of glucose sensor users28, A
recent study of dermis with optical coherence
tomography did find inflammation, lymphocyte
infiltration and fibrosis as signs of allergic
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sensitization of insulin pump sites compared to
control sites29.

Infections

For skin infections most studies show that the rates
of infections due to insulin pump usage were much
higher in the early years of insulin pump use around
29% per year, whereas more recent studies in both
children and adolescents reveal 2-7% per year
with infections with tendency to more infections due
to CSll compared to CGM15.16.2530, The historical
variation in these figures may be attributed to
improved hygienic procedures or advancements in
the design of infusion sets, whereas the differences
between device types may be influenced by factors
as device size, length of attachment or insertion
procedures. Microbial colonization of the catheter is
thought to be important here, and natural cutaneous
bacteria as Staphylococcus and Streptococcus are
typical the guilty microbial agents3!, also shedding
light on importance of a natural and healthy skin
microbiome32, A consensus document regarding
medical adhesive has also concluded that
overgrowth of microorganisms are seen under
medical adhesives33. Secondary wound infections
can also be observed as a result of contact
dermatitis, particularly due to the associated itching
and subsequent scratching34. A prospective study of
170 children and adolescents only reported eight
infections during 12 months of study period, all
related to use of insulin pump'2. The recent ADA
Standards of Care describe infections at pump sites
as potential complication accordingly, but do not
mention it at sensor sites at all4.

Lipodystrophies

Lipodystrophies is a well-known complication to the
treatment with insulin which affect insulin absorption
and are seen in the subcutaneous layer of the skin
where most other skin problems do at least initiate
in the epidermis of dermis layer of the skin'8. It can
be sub-divided in lipohypertrophy and lipoatrophy,
where lipohypertrophy is characterized as a soft
swelling with hypertrophy of the adipose tissue of
subcutis, lipoatrophy is a depression with loss of
adipose tissue of subcutis®. The prevalence of both
lipodystrophies depend a lot on study
characteristics and there is also an urgent need for
better identification and definition of both reactions
which have been known for decades also to use of
insulin syringes or pens, but are seen nowadays in
relation to insulin pumps as well35. Earlier use of
animal insulin were associated with high rates of
lipoatrophy, but from the 80s human insulins were
introduced which were causing more
lipohypertrophy than lipoatrophy3¢. Most studies
nowadays also find lipohypertrophy way more
frequent than lipoatrophy!'. The self-reported rates
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of lipohypertrophy are very low'5 compared to
dermatological investigated rates'!. This indicates
unawareness regarding examining for
lipohypertrophy since it can be visually seen but
often require palpation to be sure3é,

Lipohypertrophy is thought to result from the
anabolic effects of insulin. However, over time, the
skin  in  lipohypertrophic  areas  becomes
hyposensitized making infusion set insertion in those
areas more comfortable and less painful'®. Most
studies show that proper injection technique with
rotation of infusion set position is crucial for
prevention of lipohypertrophy and that the insulin
absorption is impaired when injected in
lipohypertrophic areas3.

Lipoatrophy is with the modern insulins described as
a rare skin complication, which in most studies show
prevalence around 1-3%3%:38, but again the
complication can be underrated. The etiology of
lipoatrophy is not well-established but thought to be
heterogenous including autoimmune response
towards insulin. This explains why other insulin types
are tried in the treatment or secondary prevention
of new lipoatrophic  areas383?,  Sodium
cromoglycate are also used in the treatment of
lipoatrophy and even laser treatment or use of
steroid injections although evidence is sparse since
only few studies with the treatment of only a few
patients do exist3”.

Ultrasound have been found helpful in assessment
of lipohypertrophy and are more sensitive than
palpation alone besides it can also have
educational properties in showing the reactions to
persons with diabetes and thereby helping showing
the need for behavioral changes3¢. A recent study
of 74 people with diabetes showed a high variety
of heterogenous findings with ultrasound in insulin-
exposed tissue which resulted in a model of
lipohypertrophy in different grades according to
disruption of the skin40. Ultrasound have also been
used in a study of both insulin pump and glucose
sensor sites, where hyper echogenicity were found
in 70% of all insulin pump sites after 12 months of
use compared to only 4% of glucose sensor sites4!,
again emphasizing the insulin as important guilty
agent in these reactions. To what extent hyper
echogenicity is a mild grade of lipohypertrophy is
still not investigated properly.

Skin injury

Besides the specific contact dermatitis, infections
and lipodystrophies, other skin problems exist which
we here have defined as more unspecific skin injury,
which includes wound, hyperpigmentation, and
scars, but also the small “dots” seen frequently after
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having removed the infusion set. Most of these
reactions are anticipated to be related to the
medial adhesive or the device itself which therefore
categorizes these reactions including contact
dermatitis as MARSI: Medical Adhesive-Related
Skin Injury33. The wounds are typically caused by
mechanical issues causing skin stripping, tension
injury or skin tears where some wounds simply arise
by the ungentle removal of the diabetes device33.
Scars can be accompanied by hyperpigmentation
but also often is a response to continuous use of the
same site for either insulin pump or glucose sensor
leading to more chronic disruption of the skin®.
Wounds and especially scars can also be a later
clinical presentation of chronic itching, infections or
contact dermatitis42. Some do also argue that these
more minor skin problems are a natural
consequence of continuously use of patches on the
skin and these issues are therefore typically
tolerated by the diabetes device users42,

Causes of skin problems

It has been speculated whether a more vulnerable
skin barrier in persons with T1D could explain the
high rates of skin problems. One study investigated
the skin barrier and found similar skin barrier
among children and adolescents with TI1D,
nonetheless small differences in the group of few
adults with long-term T1D were found for small skin
barrier molecules, but without mechanical
measurable impairment of the skin barrier making
impaired skin barrier a less likely reason for skin
problems due to diabetes devices20. Comparison of
insulin pumps with apomorphine pumps do also
emphasize similar frequencies overall of skin
problems irrespective of patient population,
although infections specifically were more frequent
in the apomorphine population which though had
more frequent intervention (daily shift), were much
older and more infection-vulnerable!”. When it
comes to the infections, part of the skin microbiome
on the buttocks were different in the above
mentioned skin barrier study29, which suggest this as
a reason for infections. The insulin is the suspected
cause for both lipoatrophy and lipohypertrophy
and both reactions are subsequently also seen with
insulin injections'®, no direct comparative studies
have been found comparing frequencies of these
reactions with use of pen versus insulin pump.

The design of the devices is in many reviews and
studies thought to be the major cause of skin
problems including the adhesives, also highlighting
why especially skin injury and contact dermatitis
were literally not seen with insulin injections. For the
allergic contact dermatitis of course the important
allergens are the major causes of reactions, but
here not only allergens from the medical adhesive
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touching the skin but also allergens from glue in the
housing part of device are found responsible23. The
adhesive needs to be strong enough to ensure
proper adhesion so extra patches is not needed in
order to keep the device situated in the full wear-
time, and often more reactions are seen when a
device is changed to longer wear-time43, In a recent
and comprehensive literature review conducted by
Convatec Infusion Care, a leading global
manufacturer of infusion sets, several previously
unexplored factors related to the design and
materials of these infusion sets were examined and
shed significant light on how these factors can
impact both skin reactions and the subcutaneous
response#4,

Cross-sectional studies have revealed different
association factors to skin problems including atopic
disposition, longer duration of device use and low
number of skin sites being used!1.15.16.30, Regarding
age most studies show higher frequencies of skin
problems in children and adolescents compared to
adults, but the comparability between age groups,
indications for device use and inclusion in the studies
could cause bias making comparisons difficult even
with use of exact same questionnaire!s.'6, It could
be speculated that younger children would present
with more skin problems than older children due to
smaller skin surface to be used for the same devices
as in adults and maybe also higher demands for
adhesion, but no studies have confirmed any
differences in skin problems according to different
age groups within childhood and adolescence!>:30,

Prevention of skin problems

The most effective way to prevent skin problems
associated with diabetes devices is undoubtly to
develop and produce devices that are gentle to the
skin. This includes the use of less allergenic
molecules, use of adhesives in the lowest necessary
concentration. Furthermore, will a full declaration of
ingredients in the devices help avoiding
problematic compounds for those patients with a
proven allergy towards specific allergens.
Numerous studies particular in the field of contact
dermatitis, have reached this conclusion845,
Although this may entail higher production costs due
to the use of more skin-friendly adhesives, a cost
analysis has attempted to demonstrate that the
increased expenses related to skin problems justify
this investment4¢, However, the compelling business
case may not be enough for manufacturers to feel
a strong motivation to switch to skin-friendly
materials or designs for diabetes devices because
the rate of discontinuation due to skin issues remains
relatively low®. Nevertheless, there are alternative
preventive options that can be employed, as
outlined in both the medical adhesive consensus
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statement33 and the recent Guidelines for pediatric
diabetes#’. These strategies include maintaining skin
hydration, using proper removal technique, rotating
the device placement site, ensuring correct device
placement, and implementing prophylactic skin care
routines. A recent intervention study has
investigated a skin care program that involved
avoiding disinfection, ensuring proper device
removal and use of lipid lotion. This program
successfully prevented 2/3 of all skin wounds but
only few of the contact dermatitis, emphasizing the
role of allergens in the latter'2. In adults the
possibility of using an implantable glucose sensor is
possible, although with no current connection to
insulin pumps, but this has in literature been advised
as possible strategy48.

Treatment of skin problems

Once skin problems have manifested, there is a
strong correlation with the likelihood of further skin
issues, as most of these skin problems tend to persist
or are strongly associated with the occurrence of
future skin problems4%59, especially with continued
use of the device. Therefore, the treatment of skin
problems includes not only the acute treatment of
the exact reaction, but also secondary prevention
of new reactions. The first and most important
advice is to avoid use of the skin site with any skin
problem for insertion of the next couple of devices
in order to achieve proper healing4’, the only
exemption from this is that glucose sensors may be
inserted in areas of lipohypertrophy3!. Most skin
problems will heal consequently over time due to
natural healing process and do not need acute
treatment besides avoidance of the site. Though, for
some reactions of contact dermatitis use of topical
steroids can be necessary at least temporary for up
to four weeks?2233, The problem with use of
continuous or long-term topical steroids are the risk
of steroid-induced skin atrophy which consequently
impair the skin barrier and thereby result in a
vicious circle of more vulnerability towards new skin
problems32,  Alternatively  topical calcineurin
inhibitors can be used although they are less
effective in controlling the eczematous reactions. A
hydrocolloid patch have been proposed and tested
in a small explorative manner in order to treat
irritative contact dermatitis by hydrocolloid patch
with occlusion technique to avoid use of steroids53.

For the secondary prevention of new skin problems
the skin care program may be used'2. Alternatively,
barrier lotion, film or patches are needed under the
devices to avoid that the original device touches the
skin, which is also the strategy even with allergic
contact dermatitis4’, if the devices for which an
allergy has been proven cannot be avoided. In most
cases that is the case since there is cross reactivity
between acrylates and so far, all diabetes devices
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contain acrylates. Many studies also do show that
users already uses different patches or silicone film
between device and skin54-57. Overall, the advice
are “try-and-error” approaches with different
patches containing different medical adhesives or
chemicals based on acrylate, silicone, or
hydrocolloid, but no formal recommendations on
which are superior are available. Research has
explored the use of local corticosteroids designed
for nasal application, administered as a spray on
the skin prior to inserting a diabetes device, as a
secondary preventive approach, which involved 12
children and adolescents, with a successful response
observed in 10 out of the 12 individuals, and no
reported glycemic adverse events38. Taking the
skin-atrophic potential of steroids in mind52, it must
though be investigated which long-term
consequences of skin barrier are seen when used
under occlusion, but the willingness to try these type
of strategies highlights the need for better
treatment and secondary prevention of skin
problems.

Consequences of skin problems

Many consequences of skin problems exist, some
well-established and some more speculative. The
ultimate consequence of skin problems is the
discontinuation of device use limiting the person by
not achieving the great treatment potential and
flexibility by using the modern diabetes devices.
Discontinuation rates because of skin problems
differs in literature but are typically low compared
to the amount of skin problems3?. Quality of life are
found impaired with severe skin problems in both
children, adolescents and adults4950. Economic
consequences of skin problems include extra costs
due to pre-term change of devices for the health-
care-system or private economy depending on
healthcaresystem#6. The consequence of skin
problems on glycemic values like time in range or
hbalc is only studied for lipodystrophy3¢, where a
study do show association to higher hba1c with skin
problems'!, while other studies reject these
hypotheses!>16,

The occlusion of the skin area may also have
consequences, which have been shown in other
areas but not investigated in diabetes devices.
Several studies have demonstrated that prolonged
occlusion with gloves, even for just six hours a day,
can have detrimental effects on the skin barrier0.
In this context, "long-term" typically refers to a
duration of at least two weeks. Given this, it's
reasonable to speculate that the impact on the skin
barrier could be even more significant when it
comes to diabetes devices. However, our
understanding of the effects on the skin barrier
when occlusion intervals extend beyond 6 hours a
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day and instead span 3 to 14 days, as is the case
with diabetes devices, remains incomplete. To
potentially mitigate the adverse effects on the skin
barrier caused by prolonged occlusion, a simple
skincare regimen involving the use of moisturizers
could prove to be essential.

Future recommendations

The tilization of diabetes devices has been
steadily rising, encompassing both children,
adolescents, and adults with T1D. Furthermore,
there is an emerging trend suggesting potential
usage among a specific subset of individuals with
Type 2 Diabetes in the future. This increasing
adoption of diabetes devices has led to a
corresponding increase in the prevalence of skin
problems associated with their use. Most
manufacturers in the diabetes technology sector are
consistently moving towards extending the wear-
time of their devices. This progressive shift not only
serves to reduce the frequency of device changes
but has also been supported by studies
demonstrating a decrease in subcutaneous reactions
when devices are worn for longer periods®!.
However, it's worth noting that this increase in wear-
time may be contingent on a stronger adhesion or a
higher concentration of adhesive substances. This, in
turn, raises the concern of an increased risk of
allergic reactions unless more skin-friendly
adhesives are being used43. In essence, the selection
of a medical adhesive involves striking a delicate
balance between ensuring proper adhesion to
secure the device in place for optimal function of
both insulin infusion and glucose measures and
avoiding excessively strong adhesion that could
potentially lead to adverse skin reactions. To date,
our experience with these devices only spans a
relatively short timeframe of 10 to 15 years. This
limited historical perspective underscores the critical
importance of maintaining a steadfast focus on skin
problems in the years to come. In the case of
children and adolescents, the prevailing public
health recommendation is to avoid products that
may trigger allergies, the same apply for adults.
However, when it comes to diabetes devices,
adhering to this recommendation proves unfeasible
due to their integral role in managing diabetes. The
long-term dermatological and allergy-provoking
consequences of utilizing diabetes devices remain
largely unknown, emphasizing the need for ongoing
research and vigilance in monitoring these effects.

Many knowledge gaps exist for skin problems and
in future research it is recommended to study
specifically how the skin barrier and microbiome
milieu are influenced by the occlusion by patches as
well as different types of medical adhesives. More
information is needed to guide future design of
devices. Especially, contact dermatitis needs further
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investigation in means of both prevention, treatment
and handling in clinical practice, thirdly important
risk factors still need to be established to stratify
preventive treatment when diabetes devices are
initiated. Lastly there is an imperative need fto
understand the consequences of topical steroid-use
both for glucose excursions, measurement precision,
insulin absorption and skin-atrophy.

Still, almost all diabetes devices include the same
allergy-provoking substances based on acrylic
adhesive and colophony, which in clinical practice
leaves less potential for changing to other diabetes
devices after an allergic contact dermatitis have
been diagnosed. Therefore, it is intensely
encouraged that future trials of diabetes devices
with other more skin friendly medical adhesives
based on hydrocolloid or silicone will be included,
at least to be used in a subgroup of the
population33. When it comes to the insulin being
used in diabetes devices, studies are also needed
after approval of new insulin comparing the
tendency of resulting in both lipohypertrophy and
lipoatrophy, and this may also be a perspective of
the insulin designing process or using filters in
infusions set to prevent precipitation productsé2,

Lastly, the regulation of diabetes devices is included
in the EU Medical Device Regulation, where there
by now still are no legal requirement of declaration
of exact product composition of diabetes devices,
impairing the patch test process a lot since the exact
potential allergens from many diabetes devices is
not known, which therefore delays the diagnostic
procedure of allergic contact dermatitisés.
Legislation for full declaration of substances
included in diabetes devices are clearly warranted
and will help the future clinical practice.

Conclusions

In conclusion, the increasing use of diabetes devices
that require skin attachment and the high
prevalence of associated skin problems highlights
the need for the development of more skin friendly
products. This imperative applies for all, but
especially to subgroups with existing skin issues or
with a high risk of developing adhesive material
allergies. Further research is warranted to gain a
better understanding of the long-term consequences
and the potential benefits of using more skin-
friendly adhesives.
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