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ABSTRACT
Background: We investigated how a personalized care-planning software and linked mobile-app may 
aid people to self-manage their type 2 diabetes (T2D) more effectively.
Research Design and Methods: People with T2D and glycated hemoglobin (HbA1c) greater than 58  
mmol/mol (7.5%) were randomized to either an intervention group receiving a personalized care plan, 
or the control group receiving usual care. Quality of life (QoL) was measured for both groups using 
validated questionnaires and one-on-one interviews with a subset of 12 participants from each group.
Results: QoL for the active treatment group increased, by their EQ −5D-5 L score increasing on average 
by 0.046, whereas it decreased for the control group on average by 0.009. The EQ Visual Analogue Score 
(VAS) of the intervention group also increased by 8.2%, whereas the control group had a reduction in 
EQ VAS score of 2.8% (p = 0.008 for difference).
Conclusion: In this prospective RCT, the findings point to how the provision of personalized care plans can 
result in an improvement in individuals’ self-rated QoL. This may lead to longer term health benefits.
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1. Introduction

Over the last 20 years, the importance of incorporating a person’s 
perspective into care and policy decisions has become increas-
ingly apparent to both clinicians and policymakers [1,2]. As 
a consequence, many trials now collect information on individuals’ 
perceived health states or their perceived health-related quality of 
life (HRQoL). These patient reported outcome measures (PROMs) 
include ‘any report coming directly from individuals, without inter-
pretation by physicians or others, about how they function or feel 
in relation to a health condition and its therapy’ [3]. PROMs are an 
important addition to previous methods of measuring clinical 
outcomes, as these may not capture the full experience or benefits 
of a specific intervention. Therefore, PROMs are increasingly used 
as primary and secondary endpoints in RCTs such as this one [1,2].

Quality of life (QoL) is an essential goal for which all individuals 
strive toward, regardless of their personal circumstances [4]. QoL is 
influenced by a combination of various factors, such as material 
living conditions, social interactions as well as health. HRQoL is an 
established concept in health care that takes different health- 
related aspects of QoL into account [5]. HRQoL can be influenced 
by different factors, one of which is suffering from a chronic 
disorder, such as T2D. People with T2D are at risk of severe 
complications due to having high blood glucose levels. Most 
people with T2D have at least one complication, and cardiovas-
cular complications are the leading cause of morbidity and mor-
tality in these individuals [6]. Maintaining independence, enabling 

self-management, and adapting one’s lifestyle are crucial to coun-
teract the negative effects of a chronic disorder [5]. For example, 
individuals with T2D have to carefully monitor their blood glucose 
levels and must avoid certain foods whilst following a strict diet.

For individuals with long-term conditions (LTC), those who 
can participate in social activities despite their chronic disorder 
report an improvement in their overall health status [7]. By 
offering digital interventions, such as mobile apps, individuals 
can be supported in living with and improving their LTC, facil-
itating social interaction and thus improving their HRQoL [8]. 
Examples of such interventions include apps to help people 
change their behavior toward a healthier lifestyle [5].

In this study, we investigated how a personalized care- 
planning software and linked mobile app may aid people to 
manage their diabetes more effectively [9]. The purpose of this 
evaluation was to determine the way that the intervention might 
influence an individual’s experience of having T2D in relation to 
their QoL and self-management. Our evaluation included 
responses to interviews conducted with five participants in the 
active treatment group.

2. Methods

2.1. Randomised control trial (RCT) participants

This prospective RCT compared baseline and 6-month clinical 
data from 197 people with T2D across 3ee surgeries in the South 
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of the UK plus 10 surgeries in Eastern Cheshire (UK). In these data 
set, the participant age range was 22–85 years and the average 
age was 63.2 years. Out of a total of 197 participants, 116 (58.9%) 
were male, 65 (33.0%) were female and 16 (8.1%) did not report 
their gender. The QoL analysis was conducted for a subset of this 
sample, 12 participants from each group, using validated ques-
tionnaires and one-on-one interviews. This subset was represen-
tative of the sample as a whole.

2.2. Recruitment and randomization

Inclusion Criteria
Participants who:

● are capable of reading the Patient information Sheet 
(PIS) and giving informed consent themselves

● are over the age of 18
● are living with Type 2 Diabetes Mellitus
● have a smartphone and are able to use three apps that 

are not categorized as Utilities (i.e. clock, calculator, 
phone, etc.)

● have an HbA1c of over 58 mmol/mol

Exclusion Criteria
Participants who:

● are pregnant
● are unable to read or speak English owing to the fact 

that the content of the app is only available in English at 
this time

● are in another research study that clashes with the bur-
dens of this study or where the tasks of any other study 
combined with this study are deemed too burdensome for 
the individual, as determined by the lead investigator at 
each GP practice and the Chief Investigator of this study.

Consecutive patients identified as potentially suitable for the 
study were recruited either in a face-to-face consultation or 
a telephone consultation in primary care. If interested, they 
were given or sent by post or e-mail the details of the study, 
with informed consent taken if they were happy to participate.

Once the participant consented to be part of the study, 
they were randomized using Sealed Envelope software 
(London, UK), to either the control or active treatment group.

2.3. Intervention

People with T2D with glycated hemoglobin (HbA1c) greater 
than 58 mmol/mol (7.5%) were randomized to either the 
active intervention group (usual care + app) or control 
group (usual care). The intervention group received a co- 
created personalized care plan which addressed individuals’ 
objectives and concerns, and involved daily lifestyle 
prompts, self-management tools and a range of educational 
content and local services. Randomization did not influence 
other decisions about diabetes management. QoL and indi-
viduals’ activation were determined quantitatively and 
qualitatively.

2.4. Quality of life analysis

QoL was self-rated by participants using the online survey “Healum 
Diabetes Study Survey’’ which included the NICE-validated EQ-5D- 
5 L questionnaire [10]. Participants were sent a link by text message 
from their GP to complete this survey at two time points, once at 
the beginning of their time on the trial (before their care plan 
appointment for the intervention group), and again after 6 months 
on the trial. The responses were extracted and matched together 
for each individual to allow a comparison of their QoL before and 
after their 6 months in the trial.

The survey involved: 

1. EQ-5D-5 L questionnaire [10] which is a widely used 
generic measure of health status consisting of two parts, 
the EQ-5D-5 L descriptive system and accompanying EQ 
visual analogue scale (EQ VAS). 

The descriptive system comprises five dimensions: mobility, self- 
care, usual activities, pain/discomfort and anxiety/depression, with 
each dimension having five levels: no problems, light problems, 
moderate problems, severe problems, and extreme problems. 
A summary index with a maximum score of 1 can be derived 
from these five dimensions by conversion with a table of scores. 
The maximum score of 1 indicates the best health state. The EQ 
VAS records the individual’s self-rated health on a vertical visual 
analogue scale, where the top endpoint is labeled ‘The best health 
you can imagine’ and the bottom endpoint is ‘The worst health 
you can imagine.’ 

2. Questions relating to individuals’ engagement with their 
health. These open-ended questions were designed to assess 
the knowledge, skills and confidence of individuals to manage 
their health. 

The responses to the engagement questions were grouped 
into responses: ‘Yes;’ ‘Somewhat Yes;’ ‘Neutral;’ ‘Somewhat No’ 
and ‘No,’ whereby an answer of ‘Yes’ indicated higher engage-
ment in their health.

2.5. Statistical methods

The outcome measure in this RCT was the changes in EQ-5D-5 L 
scores and EQ VAS scores from the beginning of the trial to 6  
months later for participants. Analysis was restricted to those 
participants with two responses to the survey and those we 
could identify as either part of the active treatment group or the 
control group. We calculated the mean change in EQ-5D-5 L score 
and EQ VAS score during the trial relative to the baseline score for 
each individual. As the responses to the engagement questions 
were grouped into ‘yes,’ ‘no,’ etc. there was no average analysis on 
these responses.

2.6. Ethics approval

This study gained approval from the West Midlands REC18 
June 2020 (IRAS ID 272,569). The study was performed in 
accordance with the Declaration of Helsinki 1964 and its 
later amendments. The delivery of the research was carried 
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out exclusively by . . . . . . All participants gave informed con-
sent in relation to participation in the study and were aware 
that their anonymized data would be analyzed and included in 
peer review publications.

3. Results

3.1. Descriptives

We were able to match the pre-trial and post-trial surveys for 12 
individuals in the control group, and another 12 in the active 
treatment group. This subset group of 24 individuals was repre-
sentative of the larger study group in terms of age, gender, and 
baseline HbA1c. The mean average number of days in between 
completion of the first and second survey for the control group 
was 233 days (±se 22.5 days), whereas for the active treatment 
group was 191 days (±se 31.2 days). The range in number of days 
from completion of the first survey to the second for the control 
group was between 126 days and 250 days, whereas for the active 
treatment group was 152 days to 230 days.

The mean starting HbA1c for members of the control group 
who fitted the inclusion criteria was 68.9 mmol/mol (±se 1.7 mmol/ 
mol) and that of the active treatment group was 70.6 mmol/mol 
(±se 1.6 mmol/mol). For the treatment group, the end HbA1c result 
decreased to a mean average of 64.1 mmol/mol (±se 1.4 mmol/ 
mol), with the control group end HbA1c increasing to an average 
of 69.1 mmol/mol (±se 1.8 mmol/mol) (p for difference in HbA1c 
change = 0.009). There was no statistically significant difference in 
BMI change between the groups.

3.2. Changes in total EQ-5D-5 L score

Individuals in the active treatment group who completed the 
questionnaire twice, at month 0 and month 6 of the trial, 
demonstrated an improvement in their self-measured QoL 
score by their EQ-5D-5 L rating increasing on average by 

0.046 (Figure 1(a)). For those in the control group, the QoL 
decreased, shown by their EQ-5D-5 L rating decreasing on 
average by 0.009 (Figure 1(a)).

3.3. Changes in EQ VAS score

Patients in the active treatment group who completed the 
questionnaire twice, at month 0 and month 6 of the trial, 
demonstrated an improvement in their self-measured stan-
dard of their health on that day shown by their VAS score 
increasing on average by 8.2% (Figure 1(b)). For those patients 
in the control group, their VAS score changed on average by 
−2.8% indicating a reduction in patients’ self-measured stan-
dard of their health (Figure 1(b)).

3.4. Changes in engagement question responses

These questions (listed in Table 1) were answered by 12 partici-
pants in the active treatment group and 12 in the control group. 
A comparison between pre- and post-trial responses to questions 
related to individual’s engagement with their health, indicated 
that members of the active treatment group reported higher 
engagement. For the part of the survey regarding an individual’s 
engagement in their health, an answer of ‘yes’ represents good 
engagement. For the control group’s pre-trial survey responses, 
64.4% of responses were ‘yes’ and in the post-trial survey, 60.6% 
were ‘yes,’ whereas for the active treatment group, 60.6% of pre- 
trial responses were ‘yes,’ which increased to 76.5% post-trial 
(Figure 2(a,b)).

The question with the largest difference in comparing the 
pre-trial and pre-trial survey responses for the active treatment 
group was ‘I have been able to manage lifestyle changes, like 
exercise and diet.’ For this question, 16.7% of the active treat-
ment group’s pre-trial responses were ‘yes,’ compared to 
58.3% of the post-trial responses, demonstrating an extra 

Figure 1. (a) Differences in EQ-5D-5 L scores for control and treatment group between the pre-trial and post-trial surveys completed. An increase in EQ-5D-5 L score 
represents a higher self-rated quality of life for the individual. (b) Average percentage change in EQ5D5L VAS scores for control and treatment groups from the pre- 
trial and post-trial surveys completed. An increase in EQ5D5L VAS score represents a higher self-rated quality of life for the individual.
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Figure 1. (Continued).

Table 1. The questions relating to engagement in the survey completed by participants in the control and active  
treatment groups.

Survey Question

I know how to prevent problems with my health.
Taking an active role in my own personal care is the most important thing that affects my health.
I am confident that I can help to reduce problems with my diabetes and overall health.
I am confident that I can tell whether I need to go to a clinician or whether I can take care of issues myself.
I am confident I can tell a healthcare professional about my concerns, even when they do not ask.
I understand my health problems and what causes them.
I know what support and interventions are available for my health concerns.
I have been able to manage lifestyle changes, like exercise and diet.
I am confident I can figure out solutions when new problems arise with my health.
I am confident I can maintain lifestyle changes, like diet and exercise, even when under stress.

Figure 2. (a) Activation responses to the activation questionnaires from the active treatment group in the pre-trial survey and post-trial surveys. An increase in the 
number of ‘yes’ responses indicates better health engagement for the individual. (b) Activation responses to the activation questionnaires from the control group in 
the pre-trial survey and post-trial surveys. An increase in the number of ‘yes’ responses indicates better health engagement for the individual.
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41.6% of responses being ‘yes’ after individuals received the 
intervention. For the control group, 50% of pre-trial responses 
were ‘yes,’ compared to 66.7% post-trial, showing a smaller 
increase than the active treatment group. Another question 
with a large difference in responses from pre-trial to post-trial 
was ‘I know what support and interventions are available for 
my health concerns.’ For the active treatment group 50% of 
pre-trial responses were ‘yes,’ and post-trial 83.3% were ‘yes.’ 
For the control group, 66.67% of responses were ‘yes’ for this 
question pre-trial, compared to 58.3% post-trial.

3.5. Interview feedback

As of 1 January 2023, 5 individuals who had completed 6  
months in the study, had been interviewed to find out how 
they use the app, what benefits they have derived from use, 
what they find useful and how the app may be improved. 
A survey of responses made on consistent responses among 
the group of five individuals are as follows: 5/5 responders 
said that the app was simple to set up; 3/5 said the app was 
easy to use; 4/5 said that the tracking function was useful; 4/5 
said the app was motivational and 4/5 said they would con-
tinue to use the app if given the opportunity.

Through the feedback interviews, it became apparent that 
the app helps to increase individuals’ motivation to change 
their habits and self-manage their condition. This is supported 
by the following statements from app users, ‘The main pro-
blem for me before was that I wasn’t taking active steps to 
manage my diabetes. I think the app is a very useful tool – it 
has the right things on there to help and motivate you. Quite 
often all you need is a reminder – for example I forget that 
I shouldn’t be eating cake. The app reminds me to do certain 
things and keep on top of my management.’ Another app user 
stated ‘Having the app has made me feel more motivated. 
Before, whenever I went to the GP it was all about the drugs 
I must take and that was it. I was never really told about the 

things I could do myself to help my diabetes management..’ 
A third app user said ‘I did find it quite useful as a sort of 
nag, a little bit of conscience sitting on your shoulder saying you 
really need to get your weight down – so in that sense that 
constant reminder was quite useful.’

4. Discussion

4.1. Findings

In this prospective primary care based study in the UK, we 
investigated how a personalized care-planning software and 
linked mobile app may aid people to manage their diabetes 
more effectively [9]. Here we address the secondary outcome 
of the RCT: does the Healum app improve the individuals’ 
engagement levels measured by their capability, opportunity, 
and/or motivation to change their behavior. We report on the 
experience of people with T2D over a 3 to 6-month period of 
using the app, as well as the experience for a comparison 
group not using the app but receiving usual care.

We previously reported an analysis of app access, where 
30% of users used the app at least 10 times in the first month 
of app access, dropping to 20% in the second month [11]. We 
also reported how regular and continued user access to the app 
over time was associated with a greater reduction in HbA1c 
than occasional access [9]. For example, those individuals who 
used the app just once during the trial had an average propor-
tionate HbA1c change of −1.5%, compared to −8.5% for those 
who used it at least two times during the trial [9]. There is 
a myriad of different diabetes management support apps avail-
able for download free or for a small cost, but hardly any of 
them have been validated in an RCT as we have done here.

These results indicate an improvement in PROMs (EQ-5D- 
5 L and EQ VAS) over the course of the trial, when compar-
ing the active treatment group to the control group. 
Specifically, there was an improvement within the 

Figure 2. (Continued).
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intervention group in the areas of Mobility and Anxiety/ 
Depression. The active treatment group also showed an 
improvement specifically in the areas of ‘managing lifestyle 
changes, like exercise and diet,’ as well as ‘knowing what 
support and interventions are available.’ These survey 
responses suggest that having a synchronized care plan 
and app lead to individuals understanding their health pro-
blems better, as well as how to prevent them, while know-
ing what interventions are available to support them, and 
most importantly, feel more confident in reducing problems 
with their diabetes. The qualitative feedback from the app 
user interviews conducted supports the notion that indivi-
duals were more actively involved in managing their health 
through having a care plan and having access to the app. 
Therefore, indicating a self-management app could be 
a reliable addition to usual care for individuals with T2D.

Increasing digitalization of health care brings opportunities 
to enable much greater access to evidence-based interven-
tions for individuals [12,13]. With the evolution of diabetes 
technology, those living with T2D now have access to a wide 
range of tools with which to reduce fluctuations in their blood 
glucose level and achieve good glycemic control. The use of 
personalized care planning has been previously effective at 
improving the experience of care amongst people with T2D 
and other LTCs [12,13]. Diabetes technology can also have 
a beneficial impact on psychosocial health by reducing the 
burden of diabetes, with the longer term potential to reduce 
rates of chronic complications, decrease the cost of diabetes 
care, and improve the QoL for individuals [14].

In recent years, the use of mobile health applications (apps) 
has gained significant attention as a promising tool to support 
individual’s self-management. RCTs evaluating the efficacy of 
self-management apps often rely on PROMs to assess the 
impact of these interventions. PROMs provide valuable 
insights into the individual’s perspective, allowing researchers 
to capture subjective experiences, symptoms, and QoL 
measures.

These outcome measures based on individuals’ feedback 
are indispensable as we increasingly move toward person- 
centered care. People with diabetes are often under significant 
psychological distress because of strict adherence to medica-
tions, changes in their daily activities, patterns such as diet 
and exercise, and fear of long-term macrovascular and micro-
vascular complications, which have the potential to under-
mine their QoL [15]. Therefore, with T2D placing a large 
burden on QoL, it is important to take into consideration the 
impact of interventions on not only health outcomes but also 
on QoL of individuals.

EQ-5D-5 L and EQ VAS are generic measures that can be 
applied across various health conditions and populations. 
They provide a standardized approach to evaluate HRQoL, 
facilitating comparisons between different groups of people 
and interventions. Both measures are relatively simple and 
quick to administer, making them feasible for use in clinical 
research settings, including RCTs. EQ-5D-5 L and EQ VAS have 
been utilized in numerous disorder-specific studies to assess 
the impact of interventions on individuals’ HRQoL. EQ-5D-5 L 
and EQ VAS are frequently used in health technology assess-
ments to inform decision-making related to the allocation of 

healthcare resources. These measures provide valuable data 
on the economic and health outcomes associated with differ-
ent interventions. Quantitative data generally support the use 
of EQ-5D-5 L surveys but does note some potential limitations 
in individuals with T2D [16].

Findings similar to ours can be seen in the context of 
a recently published study in Germany which investigated 
the desirability of a digital health intervention based on per-
sonalized nutritional advice for a group of individuals with 
T2D, as well as the potential efficacy of such an intervention 
on glycemic control, self-reported well-being, and motivation 
to maintain diabetes self-management [17]. Overall, an 
improvement in PROMs was seen, including a substantial 
improvement in energy levels, a reduction in worrying about 
increased blood glucose, improvement in feelings of satiety, 
and a reduction in difficulty in concentration over the course 
of the study period [17,18]. Although this study did not use 
EQ5D5L or EQ VAS as ways to evaluate PROMs, it supports the 
findings of our study in the potential of a digital health 
product to deliver effective personalized care.

4.2. Strengths and limitations

A strength of this research conducted is the fact that it was an 
RCT conducted in a real-world setting, where practice nurses 
delivered the intervention in an everyday practice setting, 
which is rare for digital health studies in T2D.

We accept that a major limitation is the small number of 
people completing the online surveys vs. the total number of 
participants. This was a consequence of a number of factors, not 
least the fact that no direct face-to-face contact between the 
investigation team and participants was possible because the 
study was performed at the time of the COVID-19 Pandemic. 
Another limitation is the survey itself, as while EQ-5D-5 L and EQ 
VAS provide a standardized assessment, they may have limited 
sensitivity in detecting subtle changes or specific aspects of 
HRQOL. Supplementing them with condition-specific measures 
may offer a more comprehensive evaluation.

A potential weakness is the control group. It could be 
argued that in order realistically to demonstrate the strength 
of their digital application, the control group would have to be 
offered an alternative application with some form of engage-
ment, for example, documenting their weekly weight and 
glucose.

More research with a larger number of people would be 
beneficial further to understand the impact of this and 
similar interventions on individuals’ QoL, as well as more 
studies with longer follow-up in order to assess long-term 
results.

5. Conclusion

In this prospective RCT, the findings point to how the provi-
sion of personalized plans of care co-created in real time by 
patient and healthcare professionals together, plus support, 
and education linked to a mobile app, can result in an 
improvement in an individual’s self-rated QoL and engage-
ment. This has the potential to lead to health benefits in the 
longer term.
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