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Abstract

Background:
Despite advances in insulin pen design and functionality, the selection of pens available for children with 
diabetes is limited. This study assessed the usability, functionality and attitudes towards NovoPen Echo®, a 
new durable insulin pen designed for pediatric patients that combines a simple memory function with half-
increment dosing, versus NovoPen® Junior and HumaPen® Luxura™ HD in pediatric subjects, their parents, 
and health care professionals (HCPs).

Methods:
Pens were evaluated in random order during 1:1 interviews in the three target groups (pediatric subjects, 
parents, and HCPs) in Germany, France, and Canada. Study participants were asked to prepare each pen, 
perform injections into foam cushions, and provide feedback via a standardized questionnaire.

Results:
In total, 205 participants were included in the study. On a scale of 1–6 (1 = most favorable; 6 = least favorable 
regarding overall appearance, shape, colors, thickness and length), NovoPen Echo received the most favorable 
rating for design and overall appearance (mean ± standard deviation = 1.71 ± 0.79) compared with NovoPen Junior  
(2.02 ± 0.93) and HumaPen Luxura HD (2.36 ± 1.01). Furthermore, 89% of pediatric subjects and 94% of parents  
rated the memory function of NovoPen Echo as very easy/easy to use. When asked to rate the pens overall, 
80% of participants preferred NovoPen Echo to the other pens (p < 0.0001).

Conclusions:
The results demonstrate a high overall level of satisfaction with NovoPen Echo among pediatric subjects, parents, 
and HCPs. The novel design aspects of NovoPen Echo, namely t1468-he simple memory function, half‑increment 
units and, ease of use and design, may contribute towards promoting treatment adherence, which is essential in the 
pediatric setting.
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Introduction

Before insulin pens were introduced, insulin was 
administered by vials and syringes. However, for many 
patients with diabetes, the fear of injections, dosing 
inaccuracy, pain, anxiety, inconvenience, and social 
acceptability may have presented barriers to this method 
of administration.1–3 These drawbacks have contributed 
to the increased popularity of alternative insulin 
administration systems such as pen delivery devices.4

Benefits of pens include simplicity, improved adherence, 
freedom and flexibility.5 Pens therefore help to overcome 
some issues associated with vial/syringe methods of 
insulin delivery and to improve adherence to treatment 
regimens in type 1 and 2 diabetes.6,7 Additionally, some 
pens provide half-increment dosing, which is particularly 
important in young pediatric patients.8

Adherence issues in children and adolescents with diabetes 
are higher than in adult patients,5 and evidence shows 
that some children and young adults develop ketoacidosis 
due to poor adherence to insulin therapy.9 As long-term 
poor metabolic control increases the risk of diabetic 
complications and cardiovascular disease,10 it is necessary 
to improve self-care in children and adolescents with 
diabetes. The level and need for self‑care also differs with 
age; children with diabetes who were diagnosed at an 
older age have more success with self‑care.11 Any attempt 
to improve self-care in children and adolescents must, 
therefore, be addressed through age‑appropriate care and 
education. An easy‑to‑use insulin pen may, therefore,  
be of great importance in pediatric patients.

In a Diabetes Attitudes, Wishes and Needs (DAWN) 
Youth survey, 6 out of 10 children with diabetes did not 
manage their diabetes successfully at school, while children 
with good support at school had a better quality of life 
and were less burdened with diabetes.11 Children and 
adolescents, especially those lacking support at school, 
may therefore benefit from a simple‑to‑use pen, as it 
could help to improve their ability to manage diabetes.

Continuous subcutaneous insulin infusion (CSII)/insulin 
pump therapy also improves adherence; however, bolus 
insulin omission is common in adolescents.12 Furthermore, 
CSII is expensive and hence, less accessible to some 
patients.13 Additionally, insulin sensitivity changes with 
age and puberty; studies show that prepubertal children 
require smaller doses of insulin than older children— 

mainly due to the circadian secretory patterns of growth 
hormone14,15 that increase substantially in puberty. 
Sensitivity changes highlight the importance of accurate 
and convenient insulin delivery devices that can tailor 
dosing according to the needs of all pediatric age groups.

Especially in Europe, pens have widespread use as a 
delivery device for children with type 1 diabetes.3,16 
Moreover, there is a continued drive to improve pen 
technology and to enhance the device’s functionality and 
usability. However, despite recent advances in design 
and functionality, the selection of pens available for 
children is limited. To increase adherence and reduce  
the fear and/or risk of missing a dose or double dosing, 
Novo Nordisk A/S (Bagsværd, Denmark) has developed 
NovoPen Echo®, a durable pediatric-specific insulin pen 
that combines a user-friendly memory function with 
half-increment dosing.

We assessed usability, functionality and attitudes towards 
NovoPen Echo versus NovoPen® Junior (Novo Nordisk) 
and HumaPen® Luxura™ HD (Eli Lilly and Company, 
Indianapolis, IN) in pediatric subjects, their parents and 
health care professionals (HCPs).

Methods

Participants
Participants from six study sites in Germany, France 
and Canada were included. Pediatric subjects included 
children and adolescents (aged 7–18 years) with type 1  
diabetes who had been receiving insulin for ≤6 months 
and were self-injecting insulin (they may also have 
been using CSII). Subgroup data were also collected on 
children (aged 7–12 years) and adolescents (13–18 years).

Male or female parents of the pediatric subjects participated. 
One family, with twins who had diabetes, had more than 
one child in the study.  Health care professionals (working 
as diabetes nurse educators or physicians/pediatricians 
when the study was conducted) had ≤2 years’ experience 
[mean ± standard deviation (SD): 8.1 ± 5.6 years] in treating 
and consulting patients using pens.

Protocol-defined exclusion criteria for all participants 
included involvement in diabetes-related usability tests  
6 months before the study; mental or physical incapacity, 
unwillingness to take part in the study or language 
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barriers precluding adequate understanding or cooperation 
(for pediatric subjects or parents) and any disease or 
condition that might have interfered with the test.

Insulin Pens and Study Design
NovoPen Echo is a new insulin pen with a memory 
function and half-increment dosing; it will also be available 
in red or blue with a choice of “skins” (i.e., decorative/
protective covers typically used for mobile phones and MP3 
players). NovoPen Echo was compared with NovoPen 
Junior and HumaPen Luxura HD, both durable devices 
specifically designed for the pediatric market.

Logos and labels were removed from the pens, but 
because design features were being tested, this study was 
unblinded. Pictures of different skins showing available 
options for NovoPen Echo customization were provided. 
The three pens were evaluated in a computer‑generated 
random order during 1:1 interviews in three groups: 
pediatric subjects, their parents, and HCPs. Interviews 
lasted either 45 minutes (pediatric subjects and parents) 
or 90 minutes (HCPs). Pediatric subjects and their parents 
were interviewed simultaneously; however, only one 
person answered the questions. When asked to handle 
the pen’s injector as they normally would, if pediatric 
subjects picked up the pen, then they would answer the 
questions and vice versa.

Before performing the assigned tasks, HCPs were asked to 
state which pens they were familiar with or currently using. 
If they could not remember the names, they pointed 
to a picture of the pen from a pictured list provided:  
NovoPen® 3 (Novo Nordisk); NovoPen® 4 (Novo Nordisk); 
SoloSTAR® (sanofi-aventis U.S., Bridgewater, NJ); HumaPen 
Luxura HD; FlexPen® (Novo Nordisk); OptiPen® Pro 
(sanofi-aventis); NovoPen Junior; HumaPen Memoir™  
(Eli Lilly); BerliPen® (Berlin-Chemie, Berlin, Germany) 
and Autopen® Junior (Owen Mumford, Oxford, UK). 
Health care professionals could also answer “other” 
or “don’t know”. From the same pictured list, pediatric 
subjects or their parents were asked which pen they or 
their children were currently using.

Session Structure
The study was divided into two parts: a usability 
assessment and a preference assessment. Participants were 
asked to complete the following tasks: (1a) set up the pen, 
adjust, and inject a dose of insulin into a foam cushion; 
(1b) operate the memory function (a task was considered 
successfully completed when all subtasks were easily 
completed by participants); and (2) subjectively assess 
the pens. At the end of each session, each pen was 

ranked separately by the participants, using rating scales,  
including scales for young children. Feedback was provided 
via a standardized nonvalidated online questionnaire. 
Answers were recorded by the interviewer.

Data Analysis
A standard c2 test with Yates correction for continuity, 
using 2 × 2 contingencies, for independent samples was
used to test the equality of two proportions. A paired 
t-test was used to compare independent samples. 
The significance level was set at p < .05; instances where 
p > .05 have not been reported.

Results
Baseline Demographics
A total of 205 participants (79 children, 78 parents and  
48 HCPs) were included in the study. Baseline demo-
graphics of the pediatric subjects are shown in Table 1. 
Of the 10 pens included in the prestudy survey, HCPs 
were most familiar/experienced with NovoPen 4 (83%), 
NovoPen 3 (77%) and HumaPen Luxura HD (69%).  
Most pediatric subjects used NovoPen Junior (46%), 
SoloSTAR (19%) and HumaPen Luxura HD (13%).

Task 1a: Setting Up, Adjusting, and Injecting
Setting up, adjusting, and injecting with NovoPen Echo 
was problem-free for most participants. Overall, 84% of 

Table 1. 
Baseline Demographics of the Pediatric Subjects  
(n = 79)

Characteristics Subjects (%)

Age (years)a

7–12 44

13–18 56

Sex

Male 48

Female 52

Self-injecting insulinb (number of years)

<1 10

≥1 – <2 22

≥2 – <4 37

≥4 – <6 16

≥6 – <10 9

≥10 6

a Mean ± SD = 12.9 ± 2.8 years
b Mean ± SD = 4.0 ± 3.5 years
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participants successfully set up NovoPen Echo, compared 
with 88% for NovoPen Junior and 91% for HumaPen 
Luxura HD. This task was considered incomplete if 
participants did not pull out the dose button. The ease of 
dialing the dose was highly rated for all pens [using a scale 
of 1–6 (1 = “very easy to dial”; 6 = “very difficult to dial”)]. 
Overall, 77% of study participants rated NovoPen Echo 
as “easy”/”very easy” compared with 75% for NovoPen 
Junior and 87% (p = .007) for HumaPen Luxura HD.

It was easier for study participants to adjust and inject 
when using NovoPen Echo and HumaPen Luxura HD 
compared to NovoPen Junior [95%, 97% and 60% completion, 
respectively (p < .0001 versus NovoPen Echo)]. The pressure 
required to inject a dose into a foam cushion was 
considered ideal by ~70% of study participants using 
NovoPen Echo and HumaPen Luxura HD, compared 
with 58% (p = .005) using NovoPen Junior.

Subgroup data were collected on pediatric subjects 
[children (7–12 years) and adolescents (13–18 years)] 
(Table 2). Fewer adolescents dialed a dose successfully 
with NovoPen Echo compared with adolescents using 
NovoPen Junior and HumaPen Luxura HD; but the 
difference was only statistically significant when 
compared with HumaPen Luxura HD (p < .05 versus 

NovoPen Echo). Also, more children completed the 
dialing task successfully with NovoPen Echo and 
NovoPen Junior compared with children using HumaPen 
Luxura HD. More children found it “easy”/”very easy” 
to dial with NovoPen Junior compared with NovoPen 
Echo; but the difference was only statistically significant 
when compared with HumaPen Luxura HD (p = .009 
versus NovoPen Echo).

Task 1b: Memory Function 
Participants evaluated the memory function of NovoPen 
Echo. (NovoPen Junior and HumaPen Luxura HD do 
not have a memory function.) Overall, 89% of pediatric 
subjects and 94% of parents rated the user-friendliness 
as “very easy”/”easy” to use [using a scale of 1–6  
(1 = “very easy to use”; 6 = “very difficult to use”)]. In total, 
87% of pediatric subjects and 81% of parents successfully 
activated the memory function and read the amount and 
time of the last dose. The proportion of pediatric subjects, 
grouped by age, rating the user‑friendliness of the memory 
function and reading the time and amount of the last 
dose is shown in Table 3. When asked: “To what extent 
does the memory function meet your needs/your child’s/
your patient’s needs?”, most pediatric subjects, parents, 
and HCPs considered the memory function of NovoPen 
Echo as completely meeting their needs (Figure 1).

Table 2.
Rating of Completion of Subtasks and Ease of Use (Pediatric Subjects) 

Age 7–12 years (n = 35)
(%)

Age 13–18 years (n = 44) 
(%)

NovoPen  
Echo

NovoPen
Junior

HumaPen  
Luxura HD

NovoPen  
Echo

NovoPen
Junior

HumaPen  
Luxura HD

Completion of subtasks

Dialing dose 86 86 77 86 93 98a,h

Adjusting/injecting  
dose

91 54b,h 91 95 70c,h 98

Ease of use (tasks rates 1–2)d

Dialing dose 66 86 91e,h 75 68 86

Reading dose 86 91 89 84 73 86

Adjusting dose 83 43f,h 95 84 46g,h 95

a	 p < .05
b	 p = .0005
c	 p = .002
d	 1 = very easy; 6 = very difficult
e	 p = .009
f	 p = .0005
g	 p = .0002
h	 p values versus NovoPen Echo
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Task 2: Subjective Assessment of Pens and 
Participants’ Preference
Participants rated the size, weight, and design of all three 
pens; 70% of participants rated NovoPen Echo as ideal 
in size compared with 54% (p = .005) rating NovoPen 
Junior and 20% (p < .0001) rating HumaPen Luxura 
HD as ideal in size. Overall, 53% of participants rated 
the weight of NovoPen Echo as ideal compared with 
NovoPen Junior [42% (p = .02)] and HumaPen Luxura HD 
[36% (p = .0005)].

The pen designs were rated using a scale of 1–6 (1 = most 
favorable; 6 = least favorable for overall appearance, 
shape, colors, thickness, and length). NovoPen Echo was 
rated highest (1–2) for design and overall appearance 
(87%), compared with NovoPen Junior (77%, p  =  .03) 
and HumaPen Luxura HD (46%, p < .0001). Pediatric 
subject ratings are shown in Figure 2. The design of 
NovoPen Junior was also rated highly by the participants.  

Figure 2. Rating of design aspects of insulin pens. Pediatric subjects 
were asked to rate the pen in terms of design by giving their opinion 
on the following statements: “I like the overall appearance/shape/
colors/thickness/length of the pen.”

Notably, the color of NovoPen Echo was preferred over 
the other pens.

After using all three pens, 89% of participants favored 
NovoPen Echo (rated it as 1–2) for satisfaction using 
a scale of 1–6 (1 = most favorable; 6 = least favorable). 

“Getting used to the pen quickly”, quality, convenience, 
ease of use, security (feeling secure that they had 
completely injected the dose) and meeting requirements 
all contributed to the higher overall satisfaction compared 
with the other pens (Figure 3).

Table 3. 
Rating Ease of Use of the Memory Function of 
NovoPen Echo and Reading the Time and Amount 
of the Last Dose

Rating of memory 
function

Age

7–12 years
(n = 35)

(%)

13–18 years
(n = 44)

(%)

1 = very easy 71 73

2 9 23

3 17 4

4 3 0

5 0 0

6 = very difficult 0 0

Figure 1. Participants’ rating of the memory function of NovoPen 
Echo. Participants were asked: “To what extent does the memory 
function meet your needs/your child’s needs/your patient’s needs?” 
Scale: 1 = meets needs completely; 6 = does not meet needs.

Figure 3. Rating of pens after usage: subjective assessment of pens. 
Participants were asked how the following statements apply to 
the pen: “I am very satisfied with this insulin pen;” “I got used to 
this insulin pen quickly;” “This insulin pen is of high quality;”  
“This insulin pen is convenient for everyday use;” “This insulin pen is 
easy to use” and “This insulin pen meets my requirements.”
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Overall, 92% of participants rated the user-friendliness 
of NovoPen Echo as “very easy”/”easy” [using a scale of 
1–6 (1 = “very easy to use”; 6 = “very difficult to use”)]. 
Health care professionals rated NovoPen Echo as the 
easiest pen device to explain to pediatric subjects.

When asked to rate the pens overall, 80% of participants 
preferred NovoPen Echo to the other pens, while 7%  
(p < .0001) and 12% (p < .0001) preferred NovoPen Junior 
and HumaPen Luxura HD, respectively. NovoPen Echo  
was favored by most pediatric subjects, parents, and 
HCPs (Figure 4).

with younger children. Although dialing the dose with 
NovoPen Echo was rated significantly more difficult 
compared with HumaPen Luxura HD for children, more 
children completed the dialing task with NovoPen Echo 
compared with HumaPen Luxura HD. The proportion of 
children completing the dialing task with NovoPen Echo 
was equal to that of adolescents using NovoPen Echo;  
therefore all pediatric subjects were able to use NovoPen 
Echo successfully. Problems with understanding that 
the dose button needed to be pulled out before use 
were minor, and with the correct training from HCPs, 
subjects were able to learn the correct process quickly. 
NovoPen Echo was user-friendly—setting up, adjusting 
and injecting seemed to be intuitive, therefore decreasing 
the risk of error. Additionally, this pen was easier to 
operate compared with its predecessor Novo Pen Junior. 
As similar completion rates for the “dialing a dose” 
subtask were observed in children and adolescents 
using NovoPen Echo, it appeared that younger age does 
not necessarily hinder pediatric subjects from correctly 
dialing a dose.

The memory function met the needs of participants and 
achieved a high ease-of-use rating among pediatric 
subjects (89%), a characteristic that is crucial to improving 
acceptance and adherence. NovoPen Echo combines 
half‑increment dosing with a memory function, which 
can be used to retrieve information about the time and 
amount of the last dose, potentially reducing the fear of 
double dosing or missing a dose. The memory function 
may be particularly important in younger patients in 
whom insulin is administered by multiple caregivers 
at home, day care and school settings, and it may help 
reduce the risk of double injections. HumaPen Memoir 
is the only other pen available with a memory function; 
it records the last 16 doses. However, a pen designed for 
pediatric patients needs to be simple because children 
may not necessarily require information on multiple 
previous doses. Furthermore, the HumaPen Memoir 
device does not allow half-increment dosing, reducing its 
applicability in a pediatric setting.

Insulin pens with a memory function may provide added 
security for parents, who need reassurance that their 
child has received the correct insulin dose. They may 
also help parents allow other persons, i.e., school staff, 
personal day care and grandparents, to be responsible for 
their child’s care. Parents worry about their child having 
low blood glucose at school so they might administer 
insufficient insulin in the morning in an attempt to 
prevent hypoglycemia at school.17 Consequently, the 

Figure 4. Preference results for overall favorite insulin pen. p < .0001 
for NovoPen Echo compared with the other two pens.

Discussion
Available data on insulin pen use in children are sparse. 
Furthermore, a limited selection of pens is available for 
children. This study therefore explored the usability, 
functionality and preference for different insulin pens 
in pediatric subjects, their parents, and HCPs. NovoPen 
Echo was preferred over NovoPen Junior and HumaPen 
Luxura HD by 80% of participants, demonstrating a high 
overall satisfaction with NovoPen Echo in most parts of 
the usability study and questionnaire.

Setting up, adjusting, and injecting with NovoPen Echo 
was problem-free for most participants, indicating that 
this pen is a good alternative to the currently available 
pens. The overall completion rate for set-up was 84% with 
NovoPen Echo; some participants forgot to check if the 
air had been removed, although the pressure of the test 
situation may have contributed to this. In the subgroup 
analyses, we expected to find higher completion rates 
for certain tasks with adolescents (aged 13–18 years) 
compared with children (aged 7–12 years), as older children 
may find it easier to perform particular tasks compared 
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memory function of NovoPen Echo may benefit parents 
and caregivers; they would be able to check if and when 
their child took or was given a dose of insulin at school. 
Due to the lack of adequate support and care in certain 
schools,11,17 the memory function could provide parents 
and caregivers with a simple means of testing a child’s 
adherence to treatment.

Parents can also use the memory function as a form of 
age-appropriate education to teach their child about the 
importance of insulin injections, dosing and timing, and  
to remind their children to take insulin, thus reinforcing 
the importance of taking medication. Although tight blood 
glucose control may be difficult to achieve in children 
and young adults with diabetes, studies in adults show 
that pens that are easy and efficient to operate correctly 
with minimal discomfort increase acceptance of, and 
adherence to, treatment regimens.18 Adult patients using 
pens have also been shown to be more adherent than 
patients using vials and syringes.7

The need for precise dosing with half-increments may 
be the main driver for the choice of pen. The possibility 
for half-increment dosing is most likely to be of highest 
importance for bolus administration of rapid-acting insulin; 
however, highly insulin-sensitive young children may 
also benefit from half-increment dosing with respect to 
administration of basal insulin.8

Study participants preferred the color of NovoPen Echo to 
the other pens and also favored the option of customizing 
the pen using the range of skins provided. These attributes 
might aid adherence to treatment. Personalization of pens 
might remove some of the barriers to taking medication, 
making children less reluctant to use their insulin pens 
at school and perform injections in public. Furthermore, 
adolescents may not want their insulin pens to resemble  
a medical device; therefore, a choice of skins is likely to 
be beneficial. None of the other pens used in the study 
have customizable skin options. NovoPen Echo will be 
available in two different colors, which is advantageous 
for children using multiple kinds of insulin. It will 
allow them and parents/caregivers to distinguish or 
differentiate easily between the different kinds of insulin 
(e.g., basal and bolus) and thus prevent injection of 
the wrong insulin. To date, this kind of differentiation  
has been possible only when using different brands 
or models of pen. However, with NovoPen Echo, the 
ability to distinguish between different types of insulin 
while using the same kind of pen is facilitated by the 
availability of different colors and the ability to add skins.8 

The appealing design and possibility for customization 
may increase the willingness of children to perform 
injections in public and therefore improve adherence.

Although results from the study may not reflect daily 
practice, as interview sessions only lasted for 45 minutes, 
clear benefits of NovoPen Echo were still demonstrated. 
Future studies are required to evaluate the actual 
performance of NovoPen Echo and its features in a 
real‑life setting.

There are currently no pens with a memory function 
and half-increment unit dosing dedicated to the pediatric 
population. Therefore NovoPen Echo is particularly 
applicable to this patient group.

Conclusions
In conclusion, the novel features of NovoPen Echo, 
namely the simple memory function (which may provide 
additional benefits such as confidence and security); 
half‑increment units; ease of use (especially for small 
hands); and option to customize with fashionable skins, 
may contribute to the success of this pen in the pediatric 
setting in terms of usability, functionality and preference.
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