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Article points
1.  Diabetes technology research 

often excludes patients that 
have psychological or physical 
barriers to treatment adherence.

2. Early adopters’ perceptions 
of a new diabetes medication 
system identified that the 
system was associated with 
an alteration in participants’ 
perceptions of insulin therapy, 
an increase in perceived 
perceptions of personal 
control, and an increase in 
adherence to insulin regimen.
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Psychological and physical factors are barriers to insulin therapy adherence. Insulin 

delivery devices can help to overcome these barriers; however, research into their use often 

does not involve human participants, often being undertaken in a laboratory setting, and 

rarely includes those with impaired ability. Therefore, evidence of the benefits of particular 

insulin delivery design features for certain individuals within the diabetes population is 

lacking. The aim of this research, a cross-sectional questionnaire survey, was to identify 

early adopters’ perceptions of a new diabetes medication system. 
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Psychological and physical factors affect 
insulin therapy adherence. Psychological 
insulin resistance (PIR) is the psychological 

opposition towards insulin use (Nathan et al, 
2009). PIR represents complex beliefs about insulin 
therapy and can account for poor self efficacy 
regarding the skills required for therapy delivery, 
injection fears and a lack of accurate information 
(Polonsky et al, 2005; Brod et al, 2009). Key 
factors that contribute to PIR include the hassle 
of injecting oneself (Morris et al, 2005); fears that 
insulin will severely restrict one’s life (Bogatean 
and Hancu, 2004); and social embarrassment 
(Peyrot et al, 2010; Broadbent et al, 2011; Peyrot 
and Rubin, 2011). 

Physical factors affecting insulin adherence 
include cognitive decline, vision loss and impaired 
dexterity. Individuals with diabetes are twice as 
likely to develop dementia (Biessels et al, 2006; 
Strachan et al, 2011) and often forget to take 
their insulin (Training, Research and Education 
for Nurses on Diabetes UK [TREND-UK] and 
Institute of Diabetes for Older People [IDOP], 
2013). Seventy-five percent of those who have 
had diabetes for 10 years or more will develop 
retinopathy (Public Health England [PHE], 
2015), and they are twice as likely to need help 

managing medication (McCann et al, 2012). 
Additionally, approximately 40% of people with 
diabetes experience polyneuropathy (Vinik et al 
2003; Miralles-García et al, 2010), which causes 
a deterioration in manual skills and dexterity 
(Pfützner et al, 2011).

Insulin delivery devices can help to overcome 
both physical and psychological barriers to insulin 
therapy (Brod et al, 2009; Davies et al, 2013). 
However, although there is an increasing emphasis 
on harnessing the needs of users to guide device 
development and evaluation (National Patient 
Safety Agency [NPSA], 2010), outcome studies 
associated with insulin delivery devices often do 
not involve human participants (research is often 
undertaken in a laboratory setting) and studies 
rarely include those with disability (Rubin and 
Peyrot, 2004; Shelmet et al, 2004).

Evidence of the benefits of specific design 
features for certain individuals within the diabetes 
population is therefore lacking. It is particularly 
pertinent to evaluate insulin delivery devices in 
this population group as disability and health loss 
due to diabetes is increasing in the older population 
(Darbà et al, 2015). The aim of this study is to 
identify the perceptions of early adopters, people 
who start using a product or technology as soon as 
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it becomes available, of a new diabetes medication 
system.

The diabetes medication system
NeedleBay is developed by 
Diabetes Care Technology (DCT) Ltd and is a 
system for controlling and organising diabetes 
medication, which is available in the UK. It 
comprises a daily module (Figure 1) for dispensing 
and storing insulin needles. Insulin needles can be 
attached and removed safely from the insulin pen, 
and used needles can be emptied touch-free into a 
sharps bin. Modules are customised to hold two or 
more needles. A storage case enables needles to be 
prepared a week in advance. A clear plastic lid lets 
users see how many injections they have taken and 
this “proof of use” eliminates the risk of missing 
injections or double dosing.

Aim
To identify early adopters’ perceptions of a new 
diabetes medication system using a cross-sectional 
questionnaire survey.

Method
Questionnaire
The questionnaire comprised four sections. 
Section 1 collected demographic information (age, 
gender, diabetes type, manual dexterity, eyesight, 
and the frequency of insulin injections). Sections 
2 and 3 asked participants about their experiences 
before and during use of the new technology. 
The primary outcome measure was whether 
participants either missed taking their insulin 
injection or took a double dose before or during 
use of the new technology. Secondary outcome 
measures included how often they experienced 
needle stick injuries; if they reused their injection 
needle; if they had difficulties storing used needles 
and attaching or removing their insulin pen from 
the needle; and whether respondents felt in control 
of their medication. Participants were also asked 
whether using the system had helped prevent an 
incorrect insulin dose being taken, and whether 
they believed the new technology to be an essential 
part of their insulin regimen (tertiary outcome 
measures). Six-point unipolar Likert scales and 
fixed choice “yes/no” answers were used to score 
each outcome.

Section 4 asked participants to identify three 
main benefits of the system (tertiary outcome 
measures). Cognitive interviewing (Drennan, 
2003) was undertaken with six users to validate 
sections 2 and 3 of the questionnaire and ensure 
that questions dealt with system features that 
were relevant for users. The questionnaire was 
piloted on 12 users. Only minor revisions were 
necessary.

Participants
All users of the new technology were contacted by 
DCT Ltd and invited to participate in the research. 
With users’ permission, the contact details of those 
who expressed an interest, were passed to the 
research team. The median time from adoption 
of the new technology to conducting the survey 
was 6 months (minimum 6 months, maximum 
35 months).

Data collection
All users who expressed an interest to take part 
were contacted by a researcher who provided 
information about the study, answered any queries 

	  

Figure 1 – The Diabetes Medication System 

	  

	  

	  

	  

Figure 1. The diabetes medication system.
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they had, and confirmed their willingness to 
participate, prior to conducting the questionnaire 
survey over the telephone. Data were collected 
between May 2015 and July 2015. Cardiff 
University Research Ethics Committee approval 
was obtained for the study.

Data analysis 
The study was powered on the primary outcome 
defined by the question, “How often did you 
either miss taking an injection or mistakenly take 

a double dose, before and after using the new 
technology?” The primary outcome was binary, 
coded as “never” or “not never” and paired, as 
each respondent provided a before and during 
use response. Pilot work provided input for the 
power study. At a nominal 5% significance level 
(a two-sided conditional McNemar test for paired 
proportions, assuming a reference proportion of 
0.15 and a pairwise correlation of 0.2), a total 
sample size of 125 valid returns has 90% power to 
detect an effect size of at least 2.5 odds ratio units. 
There were 219 valid returns (i.e. 219 respondents 
replied to both sections 2 and 3). For full details 
of the statistical methodology see Box 1. Content 
analysis was used to analyse the free text comments 
in section 4.

Results
A total of 332 individuals were registered on the 
database, and 226 (68%) responded to the invitation 
to participate. The average age of participants was 
57 years, and 62% were male, 62% had type 2 
diabetes, and 38% had type 1 diabetes.

Outcome measures
Before the introduction of the new diabetes 
medication system, 31% of participants reported 
that they had never missed taking their insulin 
injection or had never mistakenly taken a double 
dose. Following the introduction of the system, 
81% of participants had not missed a dose or taken 
a double dose (odds ratio [OR], 7.5; 95% confidence 
interval [CI], 4.9–11.3; P<0.001). This suggests a 
strong association between the introduction of the 
device and the odds of adhering to the treatment 
schedule. A summary of the results from the 
questionnaire for primary and secondary outcomes 
are reported in Table 1. All demographic groups 
responded similarly to the introduction of the new 
technology with regards to adherence to treatment 
schedule.

Following the introduction of the new technology, 
176 participants (77.9%) reported that the system 
was essential to their insulin regimen. On a sliding 
scale of age, the younger the respondent, the higher 
the odds of believing that the new technology was 
essential: the OR for someone 5 years younger was 
1.28 (95% CI, 1.2–2.26) and the odds for someone 
10 years younger was 1.65 (95% CI, 1.2–2.26). 
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Primary and secondary 
outcomes measures

Before* 
(%)

During 
use*  
(%)

P value
Odds 
ratio

95% confidence 
intervals

I never miss taking my 
insulin injection or 
mistakenly take a double 
dose

31.0 80.8 <0.001 7.5 4.9 11.3

I never prick myself while 
attaching or removing the 
insulin pen from the needle

24.6 91.8 <0.001 8.7 6 12.6

I never reuse my insulin 
pen needle

56.8 90.5 <0.001 9 5.3 15.2

I never find it difficult to 
store used needles when 
out and about

37.9 96.3 <0.001 8.4 5.7 12.5

I never have difficulties 
attaching or removing my 
insulin pen from the pen 
needle

67.1 94.9 <0.001 5.9 3.5 10

I generally feel in control 
of my diabetes medication

81.7 99.1 <0.001 9 4.3 18.8

*% of participants before and during use of the diabetes medication system. 

Table 1. Experiences before and during use of the new diabetes medication 
system (primary and secondary outcome measures).

A McNemar hypothesis test for paired proportions was conducted on data 
collected in sections 2 and 3 and the effect measure expressed by odds ratios 
(logit method). Binary logistic regression was used to examine the relationship 
between: a) the introduction of the device and the odds of adhering to treatment 
schedule for each demographic group (age, gender, diabetes type, injection 
frequency, dexterity, poor eyesight); b) demographic group and the perceptions 
held by participants that proof of use helped prevent an incorrect insulin 
dose being taken and that the new technology was essential to their insulin 
medication regimen. For paired outcomes (before and after responses from 
the same respondent), a marginal binary logistic regression was used. Both the 
power study and the binary logistic regressions were conducted in SAS 9.4. 

Box 1. Statistical methodology.
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Someone with type 2 diabetes was nearly 3 times 
more likely to find the system essential than 
someone with type 1 diabetes (OR, 2.9; 95% CI, 
1.4–6.0; P=0.0056). People who reported their 
eyesight as poor were also nearly three times more 
likely to find the system essential than someone 
who did not report their eyesight as poor (OR, 2.9; 
95% CI, 1.1–7.9; P=0.0375). 

Following the use of the new technology, 71% 
of respondents reported that proof of use of the 
pen needle had prevented them taking a duplicate 
dose of insulin. People with type 2 diabetes were 
2.5 times more likely to report that the new 
technology had prevented them from taking an 
incorrect dose of insulin than some one with type 1 
diabetes (95% CI, 1.4–4.5; P=0.0026).

The main benefits of the system as reported by 
participants were the prevention of an incorrect 
insulin dose being taken (24%), safety (i.e. fewer 
needle stick injuries; 20%) and ease of travel and 
transport (16.4%) and use (14%). 

Discussion
Features of the diabetes medication system improved 
insulin treatment experience for a high number 
of users. There were fewer reported needle stick 
injuries, fewer difficulties attaching and removing 
the insulin pen from the needle, pen needles were 
reused less frequently and there were fewer needle 
storage problems. Reminder/proof of use, ease of 
use and convenience were reported benefits. 

Delivery devices are extremely important to 
patients’ perceptions of treatment utility and 
convenience (Niskanen et al, 2004). They can 
counter some of the factors that contribute to PIR 
(Korytkowski et al, 2003; Rubin and Peyrot, 2004), 
enhance convenience of insulin administration 
(Rubin and Peyrot, 2004), increase perceptions of 
personal control (Graff and McClanahan, 1998) 
and increase adherence (Peyrot et al, 2005). This 
diabetes medication system appears to have altered 
participants’ perceptions of insulin treatment, 
increased perceived perception of personal control, 
and in turn, increased adherence to the insulin 
regimen.

High numbers of participants reported their 
experience of insulin therapy to be improved 
following the use of the system. All demographic 
groups benefited similarly from the introduction 

of the device with regards to adhering to the 
treatment schedule. Although the majority of 
the sample perceived the new technology to be 
essential, this was particularly so amongst younger 
participants, those with type 2 diabetes and those 
with poor eyesight. Similarly, although proof of use 
was reported by most of the sample to prevent an 
incorrect insulin dose from being taken, this was 
reported by higher numbers of participants with 
type 2 diabetes. Therefore, it could be suggested 
that certain features of the system were perceived 
as particularly useful by different sub-groups of the 
study population (including those with impaired 
ability).

Further research of the effect of the new diabetes 
system on adherence to insulin regimen is required. 
Such research should intentionally recruit people 
commonly represented in the diabetes population, 
including those with disability. Demographic 
factors should be analysed in relation to patient-
reported outcome variables identified in this 
research. The system can then claim benefit for 
persons with specific impaired capability.

Implications for clinical practice
This new device provides a simple system whereby 
patients, healthcare professionals and carers, can 
monitor insulin administration, identify non-
adherence issues, and so take appropriate action to 
help achieve better glycaemic control. Furthermore, 
evidence of improved insulin adherence provided 
by this and other new technology, could help to 
ensure more accurate titration of insulin doses when 

Benefits % of participants

Reminder/proof of use prevented an incorrect insulin dose being taken 24.1%

Safety (i.e. fewer needle stick injuries) 19.6%

Easy to transport and travel 16.4%

Safe storage of needles 15.6%

Ease of use 13.7%

Convenience 5.6%

Control of insulin regimen 3.2%

Simplified insulin regimen 1.8%

Number of responses 100%

Table 2. Reported benefits of the diabetes medication system.
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needed, and better blood glucose control could 
assist in improving health outcomes.

Limitations 
The self-reported data relied on patient recall and 
information, such as missed insulin dose, is likely 
to be estimated. The authors did not know prior 
treatment strategy or the time participants had 
been on insulin, which may have affected the 
patient-reported outcomes. Also, over a third of 
participants had type 1 diabetes, which is higher 
than the 10% national picture.

Conclusion
The described new system was associated with an 
alteration in participants’ perceptions of insulin 
therapy, an increase in perceived perceptions of 
personal control and an increased insulin adherence. 
Given that four-fifths of NHS diabetes spending 
goes on treating the complications of diabetes 
(Diabetes UK, 2012), complications that could 
be reduced by insulin adherence, it is vital that 
insulin adherence is improved. Further effectiveness 
studies are required so that healthcare professionals 
can evaluate the use of the new technology for 
a full range of their patients. This is particularly 
important in the growing ageing population, in 
whom insulin dose is often intensified and more 
complex, and health loss increases. n
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