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ARTICLE INFO ABSTRACT
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Aim: Patch pumps, i.e. insulin pumps without tubing, are an attractive alternative to conventional insulin pumps
for people with type 1 diabetes and type 2 diabetes on insulin therapy. In this review, potential patient-relevant
advantages and disadvantages of patch pumps are summarized and respective studies on patient-reported out-
comes (PROs) are assessed.

Methods: Relevant studies were identified through a systematic PubMed search. Reference lists in respective
articles and Google Scholar were also checked for additional references. Articles in English published before June
30, 2021, were included; no other criteria on publication dates were set.

Results: A total of 12 studies were included. The results of this analysis provide evidence that patch pumps
improve quality of life, reduce diabetes-related distress, increase patient satisfaction, and are preferred by pa-
tients compared to conventional insulin pumps and multiple daily injection therapy (MDI). However, several
methodological limitations of the studies identified constrain the significance of this analysis.

Conclusions: Despite the limited number of studies evaluating the benefits of patch pumps on PROs, there is
increasing evidence that people with diabetes prefer patch pumps. Although there are numerous PROs for patch
pumps, it is surprising that this aspect has been relatively understudied. More systematic evaluation studies of
the benefits of patch pumps on PROs are needed.

1. Introduction

While conventional insulin pumps have been available to patients
since the 1970 s, patch pumps (PPs) have only been a therapeutic option
for the last 15 years. [1,2]. Initiated by the father of a boy with type 1
diabetes (T1D), the development of a tubeless, easy-to-use insulin pump
led to the creation of the Omnipod system (Insulet Corporation Acton,
MA, USA), which was launched in 2005 as the first commercially
available patch pump in the USA [3]. The initial focus in PP develop-
ment was primarily on reducing an important source of error and barrier

to insulin pump therapy (CSII) for people with T1D: Instead of con-
necting the pump to the body via an insulin infusion set and tubing,
tubeless PPs contain the insulin reservoir and the infusion cannula
within the device and adhere directly to the skin. Usually, insulin de-
livery in a PP is controlled and programmed with a remote hand-held
device; however, some devices allow at least some functionality via
the PP itself as well. Current developments try to expand the use of PPs
to people with type 2 diabetes (T2D) [2-7]. Although only a few PPs are
available on the market today, numerous companies have announced
the development of new PPs or published positive results from the

Abbreviations: AID, Automated insulin delivery; BIT, Barriers to Insulin Treatment Questionnaire; CSII, Continuous subcutaneous insulin infusion (insulin pump
therapy); DTSQ, Diabetes Treatment Satisfaction Questionnaire; DSQOLS, Diabetes-Specific Quality-of-Life Scale; IIS, Insulin infusion set; ITAS, Insulin Treatment
Appraisal Scale; MDI, Multiple daily injection therapy; ns, not significant; PP, Patch pump; PRO, Patient-reported outcome; PwD, People with diabetes; T1D, Type 1

diabetes; T2D, Type 2 diabetes.
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clinical development phase. It is, therefore, to be expected that addi-
tional PPs for insulin therapy for people with diabetes (PwD) will
emerge in the upcoming years.

1.1. Categories of patch pumps

Apart from the common feature of tubeless insulin delivery, the
various PPs that are available or in development have major differences
[1,3,8]: They can either deliver just basal insulin, bolus insulin, or both
basal and bolus insulin. The target group is people with T1D and/or T2D
or both. Accordingly, the focus of the development of PPs is either on the
simplicity of the devices with a very easy operation or of PPs without
tubing with the multiple options of modern insulin pumps for individual
insulin dosing (e.g., variable basal rates, bolus options, bolus calculator).
Generally, the different PPs can be divided into three categories ac-
cording to restricted functionality and ease of use, additional features of
the PP, and the interoperability with other devices, especially regarding
the possibility of being part of systems for automated insulin delivery
(AID). These differences are also particularly important for the inter-
pretation of clinical studies of PPs with respect to patient preferences,
satisfaction with the PP, and other patient-reported outcomes (PROs).

- PPs with reduced features: The simple forms of PPs are intended for
insulin therapy for people with T2D and mainly aim to be easy to handle,
easy to carry, small, and disposable. Recent developments aim to replace
insulin pen therapy with PPs that use relatively simple insulin dosing
regimens. There are also options to deliver only the basal or bolus insulin
via a PP to simplify the insulin therapy. An example of a simple PP is the
V-GO (Zealand Pharma; Zealand, Denmark) which delivers a fixed
amount of basal insulin over 24 h and has a bolus button that permits up
to 36 units of prandial insulin to be delivered in 2-unit increments per
day. The V-GO is replaced daily. The Simplicity (CeQur; Luzern,
Switzerland) PP holds up to 200 units of bolus insulin that are admin-
istered in 2-unit increments while the CeQur’s PaQ (later PaQ Total) has
a reservoir of 330 units for 3 days use and also allows different basal
rates.

- Fully equipped PPs: These pumps can deliver as standard at least
variable basal rate(s) and individually controllable amounts of bolus
insulin. In most cases, advanced pump features are also available, such
as different bolus options, information about insulin on board, a bolus
calculator, or the integration of data from a system for continuous
glucose monitoring (CGM). Fully equipped PPs are mainly intended to
be used by people with T1D or T2D with MDI. A widely used PP is the
Omnipod (Insulet Corporation Acton, MA, USA), with the Omnipod in-
sulin management system which consists of the pod and the personal
diabetes manager (PDM), a controller that is wirelessly connected to the
PP by Bluetooth. The Accu-Chek Solo micropump (Roche Diabetes Care;
Mannheim, Germany) is composed of a 90-day reusable pump, a
disposable 200-unit insulin reservoir, a disposable pump holder
including the cannula, and a remote control. Also, the A6 TouchCare
System PP (A6) (Medtrum Technologies, Shanghai, China) has a reus-
able pump base and a disposable insulin reservoir including the cannula,
in addition to a remote control. The development of the PP Panda (SFC
Fluidics Fayetteville, USA.) was supported by the 2017 “Open-Protocol
Automated Insulin Delivery Systems Initiative” of the Juvenile Diabetes
Research Foundation (JDRF) which aimed to establish an “open-proto-
col” AID ecosystem. The Sigi PP (AMF Medical; Ecublens, Switzerland)
works with readily available prefilled insulin cartridges and is controlled
directly from a personal smartphone. Every user receives two long-
lasting rechargeable PPs to be used interchangeably, avoiding batte-
ries, and reducing waste. The Equil PP (MicroTech Medical; Hangzhou
Zhejiang China) has a wireless portable diabetes assistant (PDA). With
the GlucoRx Equil (GlucoRx, Guildford, UK) the user can bolus directly
from the PP or via a PDA-Bluetooth controller. Medisafe WIT is a
removable PP (Terumo; Shibuya, Japan) that, like most other PPs, al-
lows the basal rate and bolus to be adjusted via remote control. The
JewelPUMP (debiotech; Lausanne, Switzerland) also has a separate
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controller to deliver bolus insulin doses and a reservoir with 450 units of
insulin.

- PPs suitable for AID systems: The development of algorithms to
optimize glucose control for PwD using AID systems means that several
functions can be “outsourced” to a controlling algorithm and do not
need to be present in an insulin pump [9,10]. Since in most open AID
systems the user can choose from several insulin pumps, PPs score point
due to their small size, inconspicuousness when worn, and ease of use.
The prerequisite for this is the PP’s interoperability, which is its fulfill-
ment of the FDA requirements for the interaction with the CGM system
and the algorithm. An example is the Omnipod 5 system [11]. Via the
controlling algorithm, the PP can communicate directly with a Dexcom
CGM system and also with a handheld device with the Omnipod 5 App
implemented. With this device, the user can start and stop the auto-
mated mode, deliver boluses, change settings, and view glucose data and
glucose profiles. SFC Fluidics designed its PP Panda to be interoperable
with an open protocol that allows a wireless, secure connection to other
devices such as the CGM systems or AID algorithms. They announced a
partnership with the French company Diabeloop (Diabeloop; Grenoble,
France) to develop an AID system together.

1.2. Advantages and disadvantages of PP from the patient’s point of view

Despite the significant differences between the various PPs, all have
important common benefits for PwD compared to conventional insulin
pumps. One main advantage is that PPs are tubeless and do not need an
insulin infusion set (IIS). This eliminates potential risks and disadvan-
tages that can exist with the use of conventional pumps where improper
priming, occlusions, and cannula and tubing kinks or dislocation by
pulling can interrupt insulin delivery [12-15]. Problems with IISs are
common. Pickup et al. reported that in a survey of insulin pump users,
64.1% had experienced a kinked tube, with 12% experiencing it very
frequently. Blockage of the IIS was noted by 54.3% of the insulin pump
users at some time, with 9.8% of the total number of users recording
frequent blockage of the cannula. Occasional leakage at the connection
between the IIS and the pump was observed by 16.3% of users some-
times. Infusion site problems such as skin changes (e.g., lipohyper-
trophy) were reported by 26.1% of users and site infection by 17.4% of
users at some time [16]. Due to the length of the IIS, there is a risk of
tangling, catching, or pulling the tube when moving. Moreover, the IIS
can be uncomfortable in some situations, such as during sports, romping
with children, animals, or while having sex. Overall, the comfort of PPs
and the elimination of potential sources of failure of the IIS (which
carries the risk of life-threatening ketoacidosis if the tube becomes
occluded or kinked), may lead to a decrease in diabetes-related worries.

One of the main reasons for barriers to CSII is the visibility of insulin
pumps, which is of importance to most if not all PwD. In a survey of
1,503 adults from the T1D Exchange registry (70% CSII), 47% of the
pump users reported barriers related to the hassle of wearing devices,
35% did not like having diabetes devices on their bodies, and 26% were
disturbed by how diabetes devices look on the body. These barriers were
more pronounced among women and younger people using CSII. Among
the reasons for discontinuing CSII, disliking wearing diabetes devices
(46%) and finding them uncomfortable/painful (44%) were the most
common, followed by the cost of the accessories (21%) and not trusting
the device (21%) [17]. Concerns about body image due to the size of the
pump, the visibility of the pump through clothing, and the conspicuous
wearing of the pump were particularly prevalent among female teen-
agers and women [17-19]. Body image concerns also emerged as a
major barrier in a review of biopsychosocial factors associated with
sustained pump use [20]. PPs are also a useful alternative for PwD who
have practical problems keeping a pump on their body, which can be an
advantage for already older children, while for infants the pod could be
too large. This may also apply to people who exercise very frequently or
engage in very physically demanding activities that involve heavy
sweating. Because of the lighter weight, PPs may be more comfortable to
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Table 1
Advantages and disadvantages of PPs from the PwD’s point of view.
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Advantages Disadvantages

Tubeless, no need for an
1S (1,12,13,52)

Reduction of problems with the IIS (e.g., occlusions, tubing
kinks, risk of getting tangled with the tube) (1,12,14,50,52)

Needle is not visible (1,3,4,17)

More freedom of movement (17,46,50,52)

PP can be attached to many parts of the body (17,18,19,21)

Discreete carrying options (1,3,17)

Automatic insertion of the needle (offered only by certain PPs) can
make application less painful (1,53)

Smaller and lighter than conventional pumps (17,21)

Ease of use, simple handling (17,21,22, 46)

Simple education and training (1,3, 21)

Technical features are often specifically tailored to the needs of special
patient groups (e.g. type 2 diabetes) (5,7,21,22)

Lower costs for certain PPs compared to conventional pumps (1,3,5,21)

More convenient than conventional pumps when showering,
swimming, and sweating or during exercise or sex (1,3,17,18)

Accuracy of insulin delivery of some PPs is often lower than that of conventional pumps, in particular at low
basal rates (27,28,29)

Infusion site is not visible and cannot be regularly inspected; thus an infection might not be recognized
immediately (29,30)

Waste of insulin if PPs are replaced and remaining insulin is disposed of (1,32,33)

Sometimes poor ecological balance due to waste from plastic material, batteries (32,33,34,35)

Higher cost compared to MDI (3,4,9,21)

wear under these conditions and stick better to the skin. In user surveys
regarding insulin pumps [21] or AID systems [22], it was repeatedly
requested that the devices should be as small as possible and discreet to
wear. Small size, lightweight, and ease with which PPs can be worn on
different parts of the body are therefore considered a highly important
aspect in PROs for PPs (see below). Finding a suitable bag and place to
carry the conventional insulin pump is also reported as an obstacle.

Most PPs are waterproof and are thus particularly comfortable for
everyday use with diabetes. They are more convenient than conven-
tional pumps when showering, swimming, or during exercise or sex.
These obstacles and hassles in everyday life are important reasons for
diabetes distress, which is a major challenge for many PwD [23,24].

Ease of use in the handling of a PP can lower the hurdles for initiating
CSII and can also minimize treatment errors. Particularly with simple
PPs for people with type 2 diabetes, the possibility of errors during
handling is reduced and the effort needed for training and education is
lower. This can lead to a positive attitude towards diabetes-specific
technologies, a higher level of self-efficacy in managing CSII, and a
positive impact on treatment outcomes [25,26].

However, there are also potential disadvantages of PPs that of course
also shape the experiences and attitudes of PwD. The accuracy of insulin
pumps with which insulin is delivered into the subcutaneous tissue de-
pends on the technology used in the different pump models. Given the
small size of PPs, dosing accuracy is a technical challenge. This is
particularly true for the dosing accuracy of small amounts of insulin or
low basal rates. Especially with low insulin quantities, some PPs appear
to have a poorer accuracy than conventional pumps [27-30], although
this may only be relevant for people with very low insulin requirements.
However, in the largest comparative study to date of the insulin delivery
accuracy among different insulin pumps [31], no meaningful differences
were found in mean bolus doses and basal rate among the 10 different
models tested.

The easy replacement of PPs is another advantage of these devices,
however, because the insertion site is covered by the PP, it cannot be
regularly inspected. As a consequence, changes such as inflammation at
the insertion site might not be immediately recognized.

Ecological considerations and the generation of considerable
amounts of waste play an increasingly important role in PwD’s choice of
devices [32-34]. As a result, disposable PPs are increasingly being
viewed as critical, leading most manufacturers to differentiate between
recyclable and disposable components. In addition to the packaging,
waste is generated from the individual components, which is particu-
larly high for sterile products. The recyclability of the individual com-
ponents is also important. Pfiitzner et al. demonstrated that the
environmental burden of infusion sets with conventional insulin pumps
is much lower than the load induced by PPs like the Omnipod [35]. From

an ecological, as well as from an economic point of view, it is also critical
if insulin remaining in the cartridge must be disposed of with the PP
because of the shorter time of use of the complete pods.

Here Table 1: Advantages and disadvantages of PPs from the PwD’s
point of view

1.3. Patient-reported outcomes

Since PPs have several patient-relevant advantages, this analysis
aims to determine whether these advantages are also supported by PROs
from studies involving PPs. Benefits have been successfully demon-
strated for conventional pumps for various PROs such as overall and
diabetes-specific quality of life, reduced diabetes distress, increased
patient satisfaction, and increased self-efficacy [36-41]. The objective of
this analysis is to provide an overview of the existing literature
regarding PROs related to the use of PPs.

2. Methods

This review is based on a literature search of the PubMed database
using. This review is based on a systematic literature search of the
PubMed database using. Articles in English were included if published
before June 30, 2021; no other criteria for publication dates were set.
Additionally, references of relevant articles and Google Scholar were
checked for further references. The literature search did not include
studies on patch pumps that were not applied to diabetes and articles
that did not collect quantitative data on PROs. The systematic literature
search and selection of relevant articles was performed by two inde-
pendent researchers, using the following search strategy and a joint
clearing process regarding exclusion criteria:

1. Patch pump OR insulin patch pump OR insulin micro-pump OR
tubeless insulin pump OR tubeless patch pump; n = 1112

2. AND diabetes OR diabetes mellitus OR Type 1 diabetes OR Type 2
diabetes; n = 88

3. OR quality of life OR patient satisfaction OR treatment satisfaction
OR patient preferences OR treatment preferences OR diabetes
distress OR human factors; n = 32

4. Not relevant (Exclusion Criteria: no full text; technical review, where
PRO is mentioned; no operationalization of PRO; no instrument to
measure PRO was applied; duplicates); n = 12

Of the original 32 relevant articles, a total of 12 were relevant for this
review; however, two articles refer to the same investigation [42,43].
For more information on the studies, see the Appendix Table 2.
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Table 2

Study characteristics, design and results of studies on PPs and PROs.
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Reference

Study Characteristics and Study Design

Outcomes (PRO)

Limitations

Bergenstal et al.
[44]

Bohannon
et al.,2011[45]

Carlson et al.,2021
[52]

Mader et al.,2014,
Hermanns
etal.,2015[42,43]

Mader et al.,2018
[48]

Layne et al., 2016
[50]

Layne et al., 2019
[51]

Lebenthal et al.,
2012[46]

Peyrot et al., 2018
[49]

Polonsky et al.,
2016 [47]

Randomized controlled trial, 48 weeks, with
crossover at week 44; Adults T2D; N = 139 PP, N =
139 pen;

Device: PAQ MEAL; CeQur, Marlborough, MA,
formerly Calibra Medical, Wayne, PA)

Randomized controlled study (RCT); multicenter, 6-
week cross-over study; N = 26 T1D, N = 12 T2D
Use of Insulin bolus-patch vs. use of current device
(55% pen and 45% syringe)

Device: Finesse (Calibra Medical Inc., USA)

Retrospective observational study (N = 3,592) of
adults with T2D before and 90 days after initiating PP
Device: Omnipod, Omnipod DASH-Insulin
Management Systems (Insulet Corporation, USA)

Single-center, single-arm study, lasting three 2-week
periods: baseline (MDI), transition from MDI to PaQ,
and PaQ therapy

N = 19 MDI-treated individuals with T2D with
HbAlc < 9% (75 mmol/mol)

Device: PaQ (CeQur, Switzerland)

Prospective, non-controlled study, comprising three
periods: a baseline (MDI), a transition from MDI to
PaQ, and a PaQ treatment period (12 weeks)

N = 28 MDI-treated individuals with T2D with
HbAlc > 7% and < 11 %

Device: PaQ (CeQur, Switzerland)

Multicenter, retrospective study (N = 461 medical
practices), T1D previously receiving treatment with
either MDI (78.1%) or CSII (21.9%) with a tubed
insulin pump switched to the Omnipod system

N = 873 T1D; 23.4% pediatric; 12.6% adolescent;
64.0% adult; age 29 years; 58% female; diabetes
duration 11.1 years; Hbalc 8,4%

Device: Omnipod (Insulet Corporation, USA)
Online survey of the T1D Exchange Glu online
community.

N = 147; T1D > 1 year; Omnipod use > 0,5 - <2,0
years; prior therapy: MDI 72%; CSII 28% Duration:
Omnipod 1-2 years

Device: Omnipod (Insulet Corporation, USA)

Randomized, two-arm, 12-week cross-over study:
Omnipod vs. conventional (infusion set) insulin
pumps

N = 29 T1D (CSII therapy)

Device: Omnipod (Insulet Corporation, USA)

Prospective, non-controlled study, comprising two
periods: Current mealtime insulin-delivery system
(syringe, pen, or pump), and then assessed simulated
(no active medication) patch use over a 3-day period
N = 101; T1D 71% - T2D 29%; Treatment: N = 49
syringe; N = 22 pen; N = 28 CSII

Device: Finesse (Calibra, Medical Inc., USA)
Retrospective online survey from the Insulet registry
N = 1269; age > 18 years, T1D > 1 year, using
Omnipod for 6-24 months

Perceived changes in patient relevant quality of life
since Omnipod initiation.

Device: Omnipod (Insulet Corporation, USA)

- Treatment satisfaction: Insulin Delivery System
Rating Questionnaire

- Quality of life: Diabetes Specific Quality of Life
Scale (from baseline to week 24).

- Subject-experience surveys (from baseline to at
week 24 (11 items) and week 44 (4 items))

- Patient preference: (self-developed questionnaire:
7 items)

- Device Satisfaction:

Insulin Delivery System Rating Questionnaire
(IDSRQ)

- Quality of Life: Diabetes Specific QOL Scale
(DSQOLS)

- Patient-Preference: (Self-developed Questionnaire:
1 Item)

- Patient preference: Reason for initiating Omnipod
(retrospective, self-developed items)

- Patient satisfaction with PaQ: Device use
Questionnaire (Self-developed Questionnaire: 2
Items)

- Barriers to Insulin Treatment (BIT)

- Insulin Treatment Appraisal (ITAS)

- Problem Areas in Diabetes (PAID)

- Diabetes Treatment Satisfaction Questionnaire
(DTSQ)

- Barriers to Insulin Treatment (BIT)

- Patient preference: Reason for initiating Omnipod
(retrospective, self-developed items)

- Treatment preferences (self-developed
questionnaires)

- Factors impacting treatment choice (self-developed
questionnaires)

- Diabetes Treatment Satisfaction Questionnaire
(DTSQ)

- General user satisfaction (with current insulin
pump system)

- Patient preference (self-developed questionnaire) -
Omnipod System User Evaluation Questionnaire
(self-developed 25-item questionnaire, satisfaction
with the Omnipod System)

- Insulin Delivery System Rating Questionnaire
(IDSRQ): Domains - convenience, interference of
treatment with daily activities, diabetes-related
worries, psychological well-being (positive and
negative)

- Treatment system satisfaction

- Patient preference (compare, switch)

- WHO Well-being Index (WHO-5/change version)
- Diabetes Distress Scale for Type 1 Diabetes (T1-
DDS/change version)

- Diabetes Technology Impact Measure (DTIM/
change version)

- PRO not primary outcome
- Inconsistent, more non-significant than
significant results

- PROs not primary outcome
- Small sample size

- No control group

- Selective sample

- Only PRO-Data of n = 2,028 patients were
collected

- Unclear time of measurement: The reasons
for switching to PP where measured both at
baseline or follow-up (3 month)

- No control group

- Small sample size

- Inconsistent results

- No control group
- Small sample size
- Inconsistent results (compared to (42,43)

- No control group

- Selective sample

- No specification of the measuring
instrument, the quality of the measurement
- No information about the response rate of
PROs

- No control group

- Selective sample

- No specification of the measuring
instrument, quality of the measurement

- No information about the response rate of
PRO

- No control group

- Small sample size

- Selective reporting bias (DTSQ, General
user satisfaction are not reported)

- No specification of the measuring
instrument, the quality of the measurement

- No control group

- No real experience with PP, use of the
patch was simulated

- Very short observation period (3 days)

—No control group

- Selective sample

- Cross-sectional data

- Most of the critical QOL scales were
modified

for this study

- Without a formal pre-post testing design
and further instrument validation, the true
impact of Omnipod use on QOL cannot be
determined

(continued on next page)
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Table 2 (continued)
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Reference Study Characteristics and Study Design

Outcomes (PRO)

Limitations

Zisser, Jovanovich, Non-controlled observation study

- Omnipod compared with one’s current pump) Self-

- No control group

2006 [53] N = 20 user of a conventional insulin pump, developed questionnaire, 1 most favorable — 5 least - Observational report (short
switching to Omnipod for 30 days favorable communication)
T1D, age 43 years, 15 females, diabetes duration 43  Patient preference (comparing the Omnipod with - Selective sample
years the current pump) (self-developed questionnaire, 1 - No specification of the measuring
Device: Omnipod (Insulet Corporation, USA) most favorable — 5 least favorable) instrument, the quality of the measurement
3. Results conventional pump) [49]. Overall, there were superior results when

3.1. Quality of life

A total of three papers examined aspects of quality of life. In a ran-
domized controlled trial with a six-week cross-over design, Bohannon
et al. used the “Diabetes Specific Quality of Life Scale” (DSQOLS) for the
measurement of quality of life [44]. In their study, an insulin bolus patch
pump was compared with conventional therapy using an insulin pen or
syringe. A significant difference in favor of the PP was found in six of
seven dimensions, no significant difference was observed for treatment
goals (p = 0.972). Using the same questionnaire, Bergenstal et al. found
a significant result in 2 of 7 dimensions of the DSQOLS in a randomized
controlled trial with PPs and pen users [45]. In a retrospective study of
1269 PP-users, Polonsky et al. examined perceived changes in quality of
life with the “WHO-Five Well-Being Index” (WHO-5) since initiation of
PP. A total of 58% of respondents said that their wellbeing improved
after switching to the PP [46].

3.2. Diabetes distress

In the same study [46], 69.9% of respondents reported a reduction in
their diabetes-related burden as measured by the “Diabetes Distress
Scale” (DDS). The “Diabetes Technology Impact Measure” (DTIM)
measure, which was also used, provides evidence of a reduction of
diabetes-related stress, as 72.5% of respondents indicated that their
perceived control over diabetes improved, and 50.6% reported feeling
safer regarding hypoglycemia. However, in a study with a simple PP
(PaQ), Hermanns et al. [43] found no effect with the “Problem Area of
Diabetes” (PAID) questionnaire, which also measures diabetes-related
stress.

3.3. Barriers to insulin treatment

Regarding barriers to insulin therapy, Hermanns et al. [43] and
Mader et al. [47] reported mixed results, which might be due to the
small samples used. While the fears of insulin therapy due to the PP were
reduced in the “Barriers to Insulin Treatment* (BIT) questionnaire (p <
0.01) , this was not the case in the “Insulin Treatment Appraisal Scale”
(ITAS) (p = 0.14) [43]. However, in the subsequent study by Mader
et al., the results of the BIT did not show a statistically significant dif-
ference [47].

3.4. Treatment satisfaction

Using the “Diabetes Treatment Satisfaction Questionnaire” (DTSQ),
Mader et al. demonstrated a significant effect (p < 0.005) in the study
already mentioned [42]. In contrast, Lebenthal et al. could not detect
any effect in a randomized study of a PP versus a conventional insulin
pump also measured with the DTSQ [48]. There was also no difference
in overall satisfaction with the device between the PP and the conven-
tional pump. Bohannon et al. used the “Insulin Delivery System Rating
Questionnaire” (IDSRQ) and found a significant effect in five of six
subscales [44]. A similar conclusion was reached by Peyroth et al., who
compared a bolus PP with previous therapy (syringe, pen, or

comparing the PP to syringe or pen therapy but no major differences
when compared to previous conventional pump therapy. Using a self-
developed questionnaire, Mader et al. concluded that users of the PaQ
pump are very satisfied and like it [42]. Bergenstal et al. reported a
significant effect of PPs in terms of overall satisfaction (p < 0.01), but
only one significant advantage for PP in the ITAS, namely satisfaction
with ease-of-use (p < 0.001), while the other dimensions did not differ
significantly [45].

3.5. Patient preference

In the study by Layer et al., users of PPs primarily stated not wanting
to be tethered to a tube (86.4% of the previous CSII treatment group)
and wanting to get better glycemic control (24.1% of the previous CSII
treatment group) [50]. The authors were able to replicate this in an
evaluation of the T1D Exchange Glu Online community. The most
important reported benefits of choosing a PP were lifestyle improve-
ments (85%), better glucose control (73%), lower HbAlc (60%), and the
ability to exercise more (50%) [51]. In a similar retrospective study of
people with T2D, the main reasons for switching the therapy to PP were
better glycemic control (25%), not wanting to be tethered to tubing
(24%), no inconvenient injections (16%), and greater flexibility in
eating and exercise compared to MDI (12%) [52]. In the study of
Bohannon et al., 76% would prefer the bolus PP after the trial [44], and
Peyroth et al. reached similar conclusions in comparison with syringe
and pen therapy [49]. PP vs. syringe was significantly in favor of PP
(78% vs. 22%) (p < 0.001); PP vs. pen was significantly in favor of PP
(76% vs. 24%) (p < 0.001). However, in comparison with the conven-
tional pump therapy (PP vs. pump (52% vs. 48%) no significant differ-
ence was observed. After the end of the study of Bergenstal et al., more
participants wanted to switch from pen to PP, but there was no prefer-
ence for PP in any of the other 6 items of the questionnaire [45]. In a
randomized cross-over trial between a PP and a conventional pump,
43% of young adults who participated in the study would have chosen
the PP [48] and also in the study by Zisser and Jovanovic, after 30 days
of experience with a PP, 90% of the users of a conventional pump would
have chosen to switch to the PP long-term [53].

4. Discussion

PPs are becoming increasingly popular with PwD and a variety of
new models can be expected to come to the market in the near future,
addressing a wide range of patient needs. The selection of PPs is highly
dependent on the goal of therapy, ranging from a simple replacement of
MDI therapy to use in AID systems. In particular, for children with T1D,
the small size, low weight, reduced risk of interrupted insulin delivery
due to no tubing, ease of use, and, above all, the minimization of the risk
of problems due to the IIS, which is a source of concern especially in
children, are significant. Young people particularly appreciate the small
size of the PP and the ability to wear it discreetly on different parts of the
body. For individuals with T2D, simple PPs, e.g., with a fixed basal rate
or standard fixed boluses, can reduce the effort of therapy and poten-
tially minimize the diabetes-related burden. Other specific indications
for PP can be people with high insulin needs or insulin resistance.
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However, insulin delivery by family members or caregivers with a PP
may also be conceivable in the elderly. The comfort of wearing PPs, the
absence of IIS, and the interoperability with other devices are further
arguments in favor of their use in AID systems.

In view of these many potential benefits of PP for patients, who ul-
timately decide on the form of therapy and the device, it is surprising
that there have been relatively few studies investigating PROs with the
different PPs to date.

In the systematic literature search, only 12 respective publications
could be identified, referring to 11 studies with mostly weak methodo-
logical quality: Overall, the analysis refers to only three randomized
controlled trials, which are more robust against bias. However, PROs
were not the primary end point in two of the three RCT-studies [44,45],
and in one study it remains unclear from the publication because three
end points are mentioned but no power analysis was performed to es-
timate the required sample size for a significant effect [48]. An estimate
of the significance level of PROs is important because they are known to
often have lower effect sizes than glycemic outcomes [54]. It is also
important for the methodological quality of the studies to indicate, in
accordance with the Cochrane recommendations [55], how the respec-
tive studies deal with the risk of bias (e.g. selection, performance,
detection, attrition bias) in the results, which could over- or underesti-
mate the intervention effect. The present studies do not address poten-
tial biases or report strategies for dealing with confounding factors. All
other studies [42,43,46,47,49-51,53] have a very limited validity
because they do not test the effect of PP against a control group.
Therefore, no statement at all can be made about other confounding
factors. Moreover, in most studies the sample size is far too small to
detect differences in PROs. Self-constructed, non-validated question-
naires were also commonly used. Especially for the investigation of the
most frequently studied question of patient preferences, well-established
and methodologically better methods such as the Analytic Hierarchy
Process, the discrete choice experiment, or conjoint analysis are avail-
able [56].

However, taking into account these serious methodological short-
comings, the analysis of the 12 studies provides some evidence that the
use of PPs improves quality of life and treatment satisfaction, and that
PwD typically prefer PPs compared to MDI and conventional pumps. For
the future, it is important to conduct methodologically better designed
studies to obtain scientifically more sound data with respect to PROs
when using PPs. This includes randomized studies with a control group
design and PROs as primary endpoint, as well as the use of representa-
tive samples from different patient groups and studies with multiple
measurement time points to investigate the stability of PROs [57].

Funding

All authors received support for writing this article from an unre-
stricted grant by Roche Diabetes Care, Mannheim, Germany.

Declaration of Competing Interest
In this article the respective conflicts of interest are given.

References

[1] Heinemann L, Waldenmaier D, Kulzer B, Ziegler R, Ginsberg B, Freckmann G. Patch
pumps: Are they all the same? J Diabetes Sci Technol 2019;13(1):34-40.

[2] Berget C, Messer LH, Forlenza GP. A clinical overview of insulin pump therapy for
the management of diabetes: Past, present, and future of intensive therapy.
Diabetes Spectrum 2019;32(3):194-204.

[3] Ginsberg BH. Patch pumps for insulin. J Diabetes Sci Technol 2019;13(1):27-33.

[4] Thompson B, Cook CB. Insulin pumping patches: Emerging insulin delivery

systems. J Diabetes Sci Technol 2019;13(1):8-10.

Grant, A. K., & Golden, L. (2019). Technological advancements in the management

of type 2 diabetes. Current Diabetes Reports, 2019; 9(12),1-5.

Pickup JC. Insulin pump therapy for type 2 diabetes mellitus. Nature Reviews

Endocrinology 2014;10(11):647-9.

[5

)

[6

—

[71

[8]
[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Diabetes Research and Clinical Practice 187 (2022) 109858

Layne JE, Parkin CG, Zisser H. Efficacy of a tubeless patch pump in patients with
type 2 diabetes previously treated with multiple daily injections. J Diabetes Sci
Technol 2017;11(1):178-9.

Anhalt H, Bohannon NJ. Insulin patch pumps: Their development and future in
closed-loop systems. Diabetes Technol Ther 2010;2(S1).

Castle JR, DeVries JH, Kovatchev B. Future of automated insulin delivery systems.
Diabetes Technol Ther 2017;9(S3).

Payne FW, Ledden B, Lamps G. Capabilities of next-generation patch pump:
improved precision, instant occlusion detection, and dual-hormone therapy.

J Diabetes Sci Technol 2019;13(1):49-54.

Sherr JL, Buckingham BA, Forlenza GP, Galderisi A, Ekhlaspour L, Wadwa RP,

et al. Safety and performance of the Omnipod hybrid closed-loop system in adults,
adolescents, and children with type 1 diabetes over 5 days under free-living
conditions. Diabetes Technol Ther 2020;22(3):174-84.

Heinemann L, Krinelke L. Insulin infusion set: The Achilles heel of continuous
subcutaneous insulin infusion. J Diabetes Sci Technol 2012;6(4):954-64.

Klonoff DC, Freckmann G, Heinemann L. Insulin pump occlusions: for patients who
have been around the (infusion) block. J Diabetes Sci and Technol 2017;11(3):
451-4.

Davies MJ, Gagliardino JJ, Gray LJ, Khunti K, Mohan V, Hughes R. Real-world
factors affecting adherence to insulin therapy in patients with type 1 or type 2
diabetes mellitus: a systematic review. Diabet Med 2013;30(5):512-24.

Bratke H, Margeirsdottir HD, Assmus J, Njglstad PR, Skrivarhaug T. Does Current
Diabetes Technology Improve Metabolic Control? A cross-sectional study on the
use of insulin pumps and continuous glucose monitoring devices in a nationwide
pediatric population. Diabetes Therapy 2021:1-13.

Pickup JC, Yemane N, Brackenridge A, Pender S. Nonmetabolic complications of
continuous subcutaneous insulin infusion: a patient survey. Diabetes Technol Ther
2014;16:145-9.

Tanenbaum ML, Hanes SJ, Miller KM, Naranjo D, Bensen R, Hood KK. Diabetes
device use in adults with type 1 diabetes: barriers to uptake and potential
intervention targets. Diabetes Care 2017;40(2):181-7.

Ritholz MD, Smaldone A, Lee J, Castillo A, Wolpert H, Weinger K. Perceptions of
psychosocial factors and the insulin pump. Diabetes Care 2007;30(3):549-54.
Alsaleh FM, Smith FJ, Thompson R, Al-Saleh MA, Taylor KM. Insulin pump
therapy: impact on the lives of children/ young people with diabetes mellitus and
their parents. Int J Clin Pharm 2014;36(5):1023-30.

Franklin V. Influences on technology use and efficacy in type 1 diabetes. J Diabetes
Sci Technol 2016;10(3):647-55.

Harper A, Aflatoony L. Always On: Unpacking the challenges of living with insulin
pumps, to design novel solutions. In: Proceedings of the Fifteenth International
Conference on Tangible, Embedded, and Embodied Interaction, 2021;1-13.
Forlenza GP, Messer LH, Berget C, Wadwa RP, Driscoll KA. Biopsychosocial factors
associated with satisfaction and sustained use of artificial pancreas technology and
its components: a call to the technology field. Curr Diab Rep 2018;18:114.
Barnard KD, Pinsker JE, Oliver N, Astle A, Dassau E, Kerr D. Future artificial
pancreas technology for type 1 diabetes: what do users want? Diabetes Technol
Ther 2015;17:311-5.

Skinner TC, Joensen L, Parkin T. Twenty-five years of diabetes distress research.
Diabet Med 2020;37(3):393-400.

Naranjo D, Tanenbaum ML, Iturralde E, Hood KK. Diabetes Technology: Uptake,
outcomes, barriers, and the intersection with distress. J Diabetes Sci Technol 2016;
10(4):852-8.

Liberman A, Buckingham B, Barnard KD, Venkat MV, Close K, Heinemann L et al.
In Home Closed Loop Study Group. Diabetes technology and the human factor.
Diabetes Technology & Therapeutics, 2016;18(S1),S-101.

Borot S, Franc S, Cristante J, Penfornis A, Benhamou PY, Guerci B. Accuracy of a
new patch pump based on a microelectromechanical system (MEMS) compared to
other commercially available insulin pumps: results of the first in vitro and in vivo
studies. J Diabetes Sci Technol 2014;8(6):1133-41.

Jahn LG, Capurro JJ, Levy BL. Comparative dose accuracy of durable and patch
insulin infusion pumps. J Diabetes Sci Technol 2013;7(4):1011-20.

Laubner K, Singler E, Straetener J, Siegmund T, Path G, Seufert J. Comparative
dose accuracy of durable and patch insulin pumps under laboratory conditions.
Diabetes Technol Ther 2019;21(7):371-8.

Ziegler R, Waldenmaier D, Kamecke U, Mende J, Haug C, Freckmann G. Accuracy
assessment of bolus and basal rate delivery of different insulin pump systems used
in insulin pump therapy of children and adolescents. Pediatric diabetes 2020;21
(4):649-56.

Freckmann G, Kamecke U, Waldenmaier D, Haug C, Ziegler R. Accuracy of Bolus
and Basal Rate Delivery of Different Insulin Pump Systems. Diabetes Technol Ther
2019;21(4):201-8.

Heinemann L, Krisiunas L. Diabetes technology and waste: A complex problem
piling up! J Diabetes Sci Technol 2019;13(5):815-6.

Klonoff DC, Heinemann L, Cook CB, Thompson BM, Kerr D, Han J, et al. The
Diabetes Technology Society Green Diabetes Initiative. J Diabetes Sci Technol
2020;14(3):507-12.

Winkelkotter J, Reitz T. Analysis of the waste volume and COs-equivalent caused
by the use of selected patch pumps. J Diabetes Sci Technol 2020;
1932296821991523.

Pfiitzner A, Musholt PB, Malmgren-Hansen B, Nilsson NH, Forst T. Analysis of the
environmental impact of insulin infusion sets based on loss of resources with waste.
J Diabetes Sci Technol 2020;5(4):843-7.

Rubin RR, Peyrot M, Star,. 3 Study Group. Health-related quality of life and
treatment satisfaction in the sensor-augmented pump therapy for A1C reduction 3
(STAR 3) trial. Diabetes Technol Ther 2012;14:143-51.



B. Kulzer et al.

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Cherubini V, Gesuita R, Bonfanti R, et al. VIPKIDS Study Group. Health related
quality of life and treatment preferences in adolescents with type 1 diabetes. The
VIPKIDS study. Acta Diabetol 2014;51:43-51.

Rubin RR, Peyrot M, Chen X, Frias JP. Patient-reported outcomes from a 16- week
open-label, multicenter study of insulin pump therapy in patients with type 2
diabetes mellitus. Diabetes Technol Ther 2010;12:901-6.

Marmolin ES, Brpdsgaard J, Gjessing HJ, Schousboe K, Grodum E, Jgrgensen, U.
et al. Better treatment of outpatients with type 1 diabetes after introduction of
continuous subcutaneous insulin infusion. Dan Med J, 2012;59:A4445.

Lukdcs A, Kiss-Toth E, Varga B, Sods A, Takac P, Barkai L. Benefits of continuous
subcutaneous insulin infusion on quality of life. Int J Technol Assess Health Care
2013;29:48-52.

Skogsberg L, Fors H, Hanas R, Chaplin JE, Lindman E, Skogsberg J, et al. Treatment
satisfaction but no difference in metabolic control when using continuous
subcutaneous insulin infusion vs. multiple daily injections in children at onset of
type 1 diabetes mellitus. Pediatr Diabetes 2008;9(5):472-9.

Mader JK, Lilly LC, Aberer F, Korsatko S, Strock E, Mazze RS, et al. A feasibility
study of a 3-day basal-bolus insulin delivery device in individuals with type 2
diabetes. Diabetes Care 2014;37(5):1476-9.

Hermanns N, Lilly LC, Mader JK, Aberer F, Ribitsch A, Kojzar H, et al. Novel simple
insulin delivery device reduces barriers to insulin therapy in type 2 diabetes:
results from a pilot study. J Diabetes Sci Technol 2015;9(3):581-7.

Bergenstal RM, Peyrot M, Dreon DM, Aroda VR, Bailey TS, Brazg RL, et al.
Implementation of basal-bolus therapy in type 2 diabetes: a randomized controlled
trial comparing bolus insulin delivery using an insulin patch with an insulin pen.
Diabetes Technol Ther 2019;21(5):273-85.

Bohannon N, Bergenstal R, Cuddihy R, Kruger D, List S, Massaro E, et al.
Comparison of a novel insulin bolus-patch with pen/syringe injection to deliver
mealtime insulin for efficacy, preference, and quality of life in adults with diabetes:
a randomized, crossover, multicenter study. Diabetes Technol Ther 2011;13(10):
1031-7.

Lebenthal Y, Lazar L, Benzaquen H, Shalitin S, Phillip M. Patient perceptions of
using the OmniPod system compared with conventional insulin pumps in young
adults with type 1 diabetes. Diabetes Technol Ther 2012;14(5):411-7.

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Diabetes Research and Clinical Practice 187 (2022) 109858

Polonsky WH, Hessler D, Layne JE, Zisser H. Impact of the Omnipod® insulin
management system on quality of life: a survey of current users. Diabetes Technol
Ther 2016;18(10):664-70.

Mader JK, Lilly LC, Aberer F, Poettler T, Johns D, Trautmann M, et al. Improved
glycaemic control and treatment satisfaction with a simple wearable 3-day insulin
delivery device among people with type 2 diabetes. Diabetes Med 2018;35(10):
1448-56.

Peyrot M, Dreon D, Zraick V, Cross B, Tan MH. Patient perceptions and preferences
for a mealtime insulin delivery patch. Diabetes Therapy 2018;9(1):297-307.
Layne JE, Parkin CG, Zisser H. Efficacy of the Omnipod insulin management system
on glycemic control in patients with type 1 diabetes previously treated with
multiple daily injections or continuous subcutaneous insulin infusion. J Diabetes
Sci Technol 2019;10(5):1130-5.

Layne JE, Lauren E, Huyett M, Ly TT. Glycemic control and factors impacting
treatment choice in tubeless insulin pump users: a survey of the T1D Exchange Glu
online community. J Diabetes Sci Technol 2019;13(6):1180-1.

Carlson AL, Huyett LM, Jantz J, Chang A, Vienneau T, Ly TT. Improved glycemic
control in 3,592 adults with type 2 diabetes mellitus initiating a tubeless insulin
management system. Diabetes Res Clin Pract 2021;174:108735.

Zisser H, Jovanovich L. OmniPod Insulin Management System: patient perceptions,
preference, and glycemic control. Diabetes Care 2006;29(9).

Ehrmann D, Heinemann L, Freckmann G, Waldenmaier D, Faber-Heinemann G,
Hermanns N. The Effects and Effect Sizes of Real-Time Continuous Glucose
Monitoring on Patient-Reported Outcomes: A Secondary Analysis of the HypoDE
Study. Diabetes Technol Ther 2019;21(2):86-93.

Higgins JPT, Altman DG, Sterne JAC. Chapter 8: Assessing risk of bias in included
studies. In: Higgins JPT, Churchill R, Chandler J, Cumpston MS (editors), Cochrane
Handbook for Systematic Reviews of Interventions version 5.2.0 (updated June
2017), Cochrane, 2017.

Guidi J, Brakemeier EL, Bockting CLH, Cosci F, Cuijpers P, Jarrett RB, et al.
Methodological recommendations for trials of psychological interventions.
Psychother Psychosom 2018;87:276-84.

Carrozzino D, Patierno C, Guidi J, Berrocal Montiel C, Cao J, Charlson ME, et al.
Clinimetric criteria for patient-reported outcome measures. Psychother Psychosom
2021;90:222-32.





