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Abstract
Aims: Hypoglycaemia remains a barrier to optimal diabetes management, with 
few tools for capturing real-time person-reported hypoglycaemia (PRH). This 
study evaluated the Hypo-METRICS app, originally developed for a multina-
tional 10-week prospective study of hypoglycaemia. It enables real-time reporting 
of hypoglycaemic episodes and their impact on daily functioning using Ecological 
Momentary Assessment (EMA), thereby overcoming limitations of retrospective 
self reports.
Methods: After completing the Hypo-METRICS study, 120 participants with 
type 1 diabetes mellitus (T1D) or type 2 diabetes mellitus (T2D) from Austria, 
Denmark, the Netherlands, and the United Kingdom were invited to complete 
a web-based questionnaire assessing app content, functionality, intervention ef-
fects, user engagement and the influence of the Covid-19 pandemic.
Results: Ninety-six participants (80%; 29 T1D, 67 T2D) completed the ques-
tionnaire (40% women; mean age 57.2 ± 16.1 years; 26% impaired hypogly-
caemia awareness; HbA1c 60 ± 13 mmol/mol (7.6 ± 1.1%); diabetes duration 
20.4 ± 11.3 years). App content and functionality were rated highly (>8/10 and 
>7/10, respectively). Some reported declining engagement, likely due to study 
length. COVID-19 had a minimal impact on app use.
Conclusions: The Hypo-METRICS app was well accepted, with strong ratings 
for usability and functionality. Given its unique strengths, the app has the po-
tential to become an essential instrument for researchers aiming to capture the 
real-world burden and impact of hypoglycaemia.
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1   |   INTRODUCTION

Despite advancements in continuous glucose monitoring 
(CGM) and automated insulin delivery (AID) systems, 
individuals with insulin-treated diabetes continue to 
experience hypoglycaemia, which can significantly 
disrupt daily life.1,2 While CGM and AID can significantly 
reduce time spent in hypoglycaemia,3–8 even more so 
when combined with psychoeducational interventions,9 
these systems do not capture the real-world burden 
of hypoglycaemia from the perspective of those living 
with diabetes. In particular, they cannot account for 
the subjective perception of symptoms or the extent to 
which episodes interfere with daily functioning. Mild to 
moderate, self managed episodes occur frequently and 
have negative effects on the quality of life as well as mood, 
sleep and energy levels,2,10 yet they remain relatively 
underexplored.

Available data are typically based on retrospective self 
reporting, which is susceptible to recall bias and tends to 
underestimate both the frequency and consequences of 
these episodes.11 A lot of data in this field come from ques-
tionnaire studies that may also have a recruitment bias 
towards those who feel most impacted by hyperglycae-
mia.12,13 This limitation underscores the need for a more 
dynamic, person-centred, real-time method of capturing 
hypoglycaemic episodes and their impacts.

To address this gap, the Hypo-METRICS app was de-
veloped as a real-time reporting tool using Ecological 
Momentary Assessment (EMA) methodology—the col-
lection of real-time data on individuals' experiences and 
behaviours in their natural everyday environments10,14—
designed for use in the multinational Hypo-METRICS 
study.15,16 This study aimed to investigate hypoglycae-
mia experience in people with diabetes using insulin, 
employing blinded CGM and activity monitors over a 
10-week period.

Quantitative outcomes using data from the Hypo-
METRICS app have been published showing that person-
reported hypoglycaemia (PRH) was associated with 
impairments across multiple functional domains, whereas 
asymptomatic, sensor-detected hypoglycaemia (SDH), not 
reported on the app, had little to no observable effect.10 
Notably, nearly two thirds of SDH episodes were not per-
ceived by participants, while a substantial proportion of 
PRH episodes occurred above standard CGM thresholds 
(>70 mg/dL).17

Considering the limitations of traditional assess-
ment methods and the added value demonstrated by 
real-time data in the Hypo-METRICS study, we aimed 
to formally evaluate the usability and acceptability of 
the Hypo-METRICS app itself. Specifically, we sought 
to assess how participants perceived the app in terms 
of understandability, relevance, content, functionality, 
user engagement and changes in diabetes self man-
agement. This quantitative evaluation was conducted 
alongside a mixed-methods interview study, which ex-
plored the content validity, acceptability and feasibility 
of the app.18

2   |   MATERIALS AND METHODS

Participants from four countries (Austria, Denmark, 
the Netherlands and the United Kingdom) who had 

K E Y W O R D S

app, CGM, continuous glucose monitoring, diabetes, diabetes management, hypoglycaemia, 
Hypo-METRICS

What's new?

What is already known?

•	 Hypoglycaemia remains a major barrier to 
optimal diabetes management.

•	 Real-time, person-reported assessment of 
hypoglycaemia is limited.

What this study has found?

•	 A mobile application using Ecological 
Momentary Assessment enables real-time, 
person-reported capture of hypoglycaemia.

•	 The application allows documentation of 
hypoglycaemic episodes and their impact on 
daily functioning.

What are the implications of the study?

•	 Real-time person-reported hypoglycaemia 
assessment may improve understanding of 
hypoglycaemia burden in everyday life.

•	 Such tools could support more person-centred 
diabetes management and future intervention 
development.
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completed the 10-week Hypo-METRICS study by June 
2023, were invited to complete a web-based questionnaire 
designed to explore their experiences with the app and 
gather feedback to inform potential future applications, 
particularly in research settings.

2.1  |  The Hypo-METRICS App

The app consists of two distinct components: one enabling 
participants to record hypoglycaemic episodes, and 
another capturing their effects on daily functioning—
including mood, cognition, sleep and energy—through 
structured daily check-ins. One key feature of the app is 
the Hypo-METRICS ‘motif’, a patented flower-shaped 
interface designed by the app hosting platform uMotif,19 
in which each of eight petals represents a common 
symptom of hypoglycaemia. By tapping the relevant 
petals, participants could quickly and intuitively report 
a symptom profile shortly after each hypoglycaemic 
episode. These self reported episodes are linked to blinded 
CGM data, allowing for an integrated perspective that 
combines objective glucose readings with participants' 
lived experiences.

2.2  |  Eligibility criteria and participants

Eligibility criteria for inclusion in this follow-up study 
required that participants had completed the Hypo-
METRICS study within the previous 2 months, had access 
to a computer or smartphone with internet connectivity, 
and were willing and able to participate in an online 
survey. Participants included individuals with both T1D 
and insulin-treated T2D from 18 to 80 years.

2.3  |  Consent and Ethical Approval

Participants who expressed interest in the question-
naire study received detailed information about its 
purpose and instructions for completing the online sur-
vey. Participation was voluntary, and individuals could 
withdraw at any time without providing a reason. The 
study received ethical approval from the relevant Ethics 
Committees at all participating hospitals and medical 
institutions within the European Union. In the United 
Kingdom, a favourable opinion was issued by the UK-
wide Integrated Research Approval System (IRAS) on 
behalf of all participating UK sites. The study was con-
ducted in accordance with the ethical principles of the 
Declaration of Helsinki and adhered to Good Clinical 
Practice (GCP) guidelines.

A flow chart illustrating participant flow throughout 
the study is presented in Figure 1.

2.4  |  Study design and questionnaire 
description

After providing written informed consent, participants 
received an email with a personalized link to the online 
questionnaire, which was administered via the web-
based platform Qualtrics (a web-based survey platform, 
headquartered in Provo, Utah, and Seattle, Washington, 
USA; https://​www.​qualt​rics.​com) and presented in the 
language of each participating country.

The questionnaire comprised of three sections. In 
section one, participants were asked to evaluate the orig-
inal questions of the Hypo-METRICS App (Table  S1). 
They were instructed to rate, on a scale of 1 to 10 (with 1 
meaning completely disagree and 10 meaning completely 
agree), the ease of understanding the questions and the 
perceived relevance of each item in relation to how diabe-
tes affected their daily lives.

In section two, participants were presented 19 state-
ments related to the Hypo-METRICS app, each of which 
could be assigned to one of the following categories: en-
gagement, content, functionality, perceived changes in 
diabetes self management or impact of the Covid-19 pan-
demic. For each statement, they indicated their level of 
agreement again on a scale from 1 to 10 (1 = completely 

F I G U R E  1   Study participation flow.

Individuals invited to the study

n=120

Participants with correct ID in the 

Questionnaires n=105

No consent or missing ID 

numbers in the 

questionnaire  (n=15)

Fully completed questionnaires

n=96

Data entry failed (questionnaire 

was left completely or mostly 

empty)

(n=9)
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disagree, 10 = completely agree), to evaluate the app across 
these dimensions.

In both parts, a rating above 5 (or at or below 5 for neg-
atively phrased items) was interpreted as indicating user 
satisfaction with the app, while a rating at or below 5 (or 
above 5 for negatively phrased items) was considered to 
reflect user dissatisfaction.

The final section comprised two numerical questions 
(concerning the number of questions in the check-ins) 
and two open-ended items which allowed participants 
to share general impressions and provide qualitative 
feedback on their experience with the app (‘Do you 
think any of the questions or answers in the check-ins 
should be re-phrased? If yes, please describe which and 
why’. ‘Do you think important questions relevant to 
your hypoglycaemia were missing in the check-ins? If 
yes, please describe’.).

App usage was also evaluated. It was calculated as the 
number of completed check-in sessions divided by the 
number of scheduled check-in sessions for each partici-
pant, expressed as a percentage. Scheduled check-ins in-
cluded three notifications per day (morning, afternoon 
and evening) over the 10-week study period (i.e. up to 210 
sessions). Days on which a participant withdrew from the 
study early or where the app was not installed were ex-
cluded from the denominator.

2.5  |  Statistical analysis

The analysis focused on descriptive statistics to summarize 
the collected data and provide an overview of participant 
demographics and key questionnaire responses. Given 
the scope of the study, advanced inferential statistics were 
not applied, as the aim was to provide a comprehensive 
description of the dataset rather than to test specific 
hypotheses.

3   |   RESULTS

Out of the 120 questionnaires distributed to people that 
fulfilled the eligibility criteria, responses from 96 partici-
pants were considered valid and included in the analysis. 
Fifteen responses were excluded due to missing ID num-
bers; an additional nine responses were excluded because 
they contained insufficient data (the questionnaire was 
left completely or almost entirely empty). This resulted in 
an effective response rate of 80%.

The included 96 participants had a mean age of 
57.2 ± 16.1 years. Thirty-eight (40%) were women, 29 
(30%) lived with diabetes type 1 (T1D) and 67 (70%) with 
diabetes type 2 (T2D). Twenty-five participants (26%) 

were affected by impaired awareness of hypoglycaemia 
(IAH); 44% were retired and the mean app usage was 
89.5% of the time ± 8.6%. For more details, see Table  1 
(demographics).

3.1  |  The Hypo-METRICS app and 
participants' ratings on relevance and 
understandability

Participants were asked to rate each item from the Hypo-
METRICS app's check-in section—completed three times 
per day—on understandability and perceived relevance to 
daily life with hypoglycaemia.

On the 1–10 scale assessing understandability, the 
items addressing sleep quality, general well-being/mood, 
fear of hypoglycaemia and hyperglycaemia, social in-
teraction and self reporting of hypoglycaemic episodes 
showed mean ratings of 7.5 or higher. The item ‘How 

T A B L E  1   Participants' demographic characteristics.

Variable Participants (N=96)

Age (years), mean (SD) 57.2 (±16.1)

Country

Austria 15

Denmark 6

The Netherlands 38

United Kingdom 37

Women gender, n (%) 38 (40%)

Diabetes type, n (%)

T1D (diabetes mellitus, type 1) 29 (30%)

T2D (diabetes mellitus, type 2) 67 (70%)

IAH (impaired awareness of hypoglycaemia/Gold score), n (%)

Yes 25 (26%)

Highest level of education, n (%)

Primary school 9 (9%)

Secondary High School 23 (24%)

College/Undergraduate 39 (40%)

Master/PhD/MBA 18 (19%)

Other 7 (7%)

Employment status, n (%)

Full-time education 6 (6%)

Full-time employment 24 (25%)

Part-time employment 12 (13%)

Unemployed, but actively looking 
for work

3 (3%)

Unemployed, not actively looking 
for work

9 (9%)

Retired 42 (44%)
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many hours did you miss from activities other than work 
today?’ had a mean understandability rating of 5.7 among 
retired and unemployed participants and 6.3 among em-
ployed participants. For perceived relevance, the items 
on self reported hypoglycaemia, fear of hypoglycaemia 
and sleep quality showed mean scores of 7.0, 6.8 and 
6.6, respectively. The items on fear of hyperglycaemia 
and general well-being/mood both had mean scores of 
6.1. Work- and productivity-related items showed lower 
mean scores, with the item on hours missed averaging 
4.0 among retired/unemployed participants and 5.0 
among employed participants.

Regarding perceived relevance, the item ‘self re-
port of hypoglycaemia’ had the highest mean score 
(7.0), followed by ‘fear of hypoglycaemia’ (6.8) and 
‘sleep quality’ (6.6). ‘Fear of hyperglycaemia’ and ‘gen-
eral well-being/mood’ both averaged 6.1. Work- and 
productivity-related questions had lower mean scores, 
with the question on hours missed averaging 4.0 among 
retired or unemployed participants and 5.0 among em-
ployed participants.

An overview of these results is shown in Figure  2, 
where orange bars represent ratings of ‘The question is 

easy to understand’ and red bars represent ‘The question 
is relevant to how hypoglycaemia affects me’. A more de-
tailed breakdown of individual item scores is available in 
the Table S1.

3.2  |  Ratings on engagement, content, 
functionality, change in diabetes self 
management and impact of the Covid-19 
pandemic

A summary of key findings is presented in Table 2.
Overall, participants reported high levels of usability 

and acceptability. Items related to functionality and con-
tent showed high mean ratings, especially those address-
ing ease of use and clarity of instructions. Motivation and 
engagement appeared to vary over time, as indicated by 
lower mean scores on items related to response fatigue 
or reduced interest. Participants did not report notable 
changes in diabetes self management, although some in-
dicated greater awareness of hypoglycaemic symptoms 
and more frequent monitoring of glucose levels. Reports 
of increased confidence in insulin dose adjustments were 

F I G U R E  2   Understandability and relevance of Hypo-METRICS app items.
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uncommon. Responses to two COVID-19-related items 
suggested that the pandemic had little influence on partic-
ipation or hypoglycaemia management.

The full set of item-level results, including all 19 state-
ments with corresponding means and standard devia-
tions, is available in the Table S2.

3.3  |  Participant feedback and 
suggestions for improvement

Qualitative feedback provided in free-text fields revealed 
several areas for potential improvement. Although these 
suggestions were not implemented within the current 
study, they provide guidance for future refinement. Issues 
mentioned by ≥10% of participants were considered 

common, while less frequent comments were noted if 
they indicated substantial burden or subgroup-specific 
challenges (Table 3).

4   |   DISCUSSION

The results of this evaluation indicate that the Hypo-
METRICS app was well received by participants, who 
reported high levels of usability, clarity and content 
relevance.

Regarding clarity, only one out of the 29 items re-
ceived notable criticism from participants. The question 
‘How many hours did you miss from activities other than 
work today for any reason?’, which was included to cap-
ture aspects of the macroeconomic impact of diabetes, 

T A B L E  2   Key usability and perceived changes in diabetes self management of the Hypo-METRICS app.

Dimensions Item/question Mean (SD) Interpretation

Functionality It was easy to use the check-ins 9.4 (2.2) High user-friendliness

Check-in reminders were helpful 8.1 (2.5) Effective user guidance through 
reminders

Content The instructions were easy to understand 8.7 (1.5) High clarity and structure

The time required was acceptable 8.7 (1.7) Easily integrated into daily routine

Engagement My responses became automated over time 6.1 (2.3) Slight decline in engagement over time

My motivation decreased as the study progressed 5.6 (3.4) Suggests some repetitiveness in use

Perceived changes 
in diabetes self 
management

I checked my glucose levels more often 6.9 (3.0) Increased reflection on glucose 
monitoring

I have a better understanding of how 
hypoglycaemia affects me

7.2 (3.0) Increased reflection on the personal 
impact of hypoglycaemia

Hypo-METRICS 
motif

The flower was easy to use 5.6 (3.4) Some technical difficulties in using the 
flower (fat-finger error)

T A B L E  3   Summary of participant feedback and suggestions for improvement (N = 96).

Themes Description
No. of 
Comments Suggestion for improvement

Preferred frequency of 
check-ins

Satisfaction with three daily check-ins 53 N/A.

Vagueness of questions about 
missed work or other activities

These questions were more difficult to 
understand, particularly for retired/
unemployed participants

19 Provide an explanation for why these 
questions are included

Repetition of questions Participants reported repetitive content, 
which led to boredom and careless 
responding

11 Vary the questions weekly

Time burden during frequent 
hypoglycaemic episodes

Frequent hypoglycaemia made completing 
check-ins burdensome, especially at 
night/in the morning. Therefore, not all 
episodes were reported

7 For multiple hypos in one night, 
only record the times of episodes and 
complete the questions only once, with 
optional notes if needed

Hypo-METRICS flower: 
engaging but occasionally 
difficult

The flower was generally seen as quick 
and engaging, but some users found it 
challenging to use (fat-finger error)

6 Enlarge petals to prevent accidental 
double-clicks, especially for users with 
thick fingers
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was perceived as unclear and confusing—particularly by 
participants not undergoing paid work (retired and unem-
ployed persons; see also results section). One participant 
noted:

‘What do you mean with “did you miss from 
other activities than work for any reason 
today?” If I missed my guitar lesson because 
I was looking after my grandchildren, what 
does my answer “1 hour” tell you?’

A more precise formulation of this question, along with 
a brief explanation of its purpose, might have improved 
the clarity of the item and participants' understanding.

Responses regarding the relevance of the questions as 
to the effect of hypoglycaemia in their daily lives showed 
that the more the question was directly linked to the hy-
poglycaemic episode or to fear of this episode, the more 
relevant it was considered to be. Questions about mood or 
work could also be attributed to causes other than hypo-
glycaemia and were therefore rated lower.

Participants were generally satisfied with both the con-
tent and functionality of the app, and the Hypo-METRICS 
motif, used for instant reporting of symptoms of hypogly-
caemia, was generally perceived as practical and visually 
engaging, but some participants noted usability issues. For 
individuals with thick and clumsy fingers, the main issue 
was technical: they found it difficult to tap a single petal 
without accidentally selecting two at once. In contrast, 
other participants more often noted that not all of their 
hypoglycaemia symptoms were represented by the avail-
able petals.

Maintaining consistent engagement over time seems 
to have presented a challenge for some, the reason being 
repetitive questions and automated answers, resulting in 
a decrease in motivation over the course of the study. This 
problem has also been described in similar studies.20,21 
Enhancement of motivation should be addressed for fu-
ture app use, possibly by targeted incentives or AI solu-
tions that could add a bit of variety to the questions.

The results suggested that engaging with the app over 
a 10-week period made people think more about the im-
pacts of their hypoglycaemic episodes and made them re-
member checking their glucose values more frequently; 
however, this did not amount to notable changes in diabe-
tes self management.

Further analyses are being conducted to assess poten-
tial changes in HbA1c, patient-reported outcomes and 
rates of hypoglycaemia over the 10-week study, with re-
sults to be published in a forthcoming paper.

Most of the existing research on the impact of hypo-
glycaemia on daily life has focused on severe episodes 
requiring third-party assistance.22 For example, a recent, 

large real-world survey conducted across North America 
found that despite widespread use of modern diabetes 
technology, 44% of participants experienced at least one 
severe hypoglycaemic episode over the course of a year. 
The majority (70%) were managed at home by family or 
friends, highlighting the on-going prevalence of hypogly-
caemia and the broad impact of severe episodes—not only 
on individuals but also on their immediate social envi-
ronment.23 Our study has focused more on milder forms 
of hypoglycaemia, which occur far more frequently, can 
nevertheless substantially impair daily functioning, and 
have so far received only very limited attention in the lit-
erature.2,10 One of the examples showing that even milder 
forms of PRH can disrupt daily life is Søholm et al.,10 who 
demonstrated that PRH episodes were followed by signif-
icant impairments in energy, mood, cognitive functioning 
and sleep, alongside heightened negative affect and fear.

Patients are in a unique position to contribute indis-
pensable information to healthcare quality, as they are 
the only individuals who experience the whole episode 
of care from start to finish. Consequently, the systematic 
assessment of patient experiences and outcomes through 
Patient-Reported Experience Measures and Patient-
Reported Outcomes Measures is essential in any quality 
improvement enterprise.24

Another important feature of our study is EMA, 
which is in line with a growing body of research high-
lighting the value of EMA in clinical studies of diabetes. 
Some of these report that for both persons with type 1 
and type 2 diabetes, using diabetes apps was positively 
associated with self care behaviour and might support 
changes in lifestyle and glucose monitoring.25,26 Other 
studies highlight the potential of EMA-based app de-
signs to capture meaningful, real-time patient experi-
ences that may remain undetected through conventional 
assessment methods. For example, one study27 found 
that EMA-derived diabetes distress was more closely as-
sociated with glycaemic outcomes than traditional ques-
tionnaires. Another recent study28 combined EMA with 
continuous glucose monitoring and ambulatory cogni-
tive testing to demonstrate that nocturnal hypoglycaemia 
was linked to impaired next-day cognitive performance. 
These findings, along with our own results, underscore 
the value of EMA in capturing real-world data on symp-
toms, behaviours and glucose dynamics with high tem-
poral resolution and reduced recall bias.

4.1  |  Limitations

Our study is not without limitations. Participants were 
selected from the Hypo-METRICS study and needed to 
be capable of using a smartphone and completing an 
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online questionnaire. These criteria may have intro-
duced a certain degree of selection bias. As the questions 
in this analysis were specifically developed to evaluate 
selected aspects of the Hypo-METRICS app, they have 
not been validated against standardized app evaluation 
tools, which may limit the validity and generalizability 
of our findings. Another limitation relates to the satisfac-
tion threshold: Because no validated or widely accepted 
cut-off exists for defining (dis)satisfaction on this specific 
scale, we used a straightforward midpoint-based thresh-
old (5 out of 10) to distinguish between lower and higher 
satisfaction levels.

4.2  |  Core strength of the Hypo-METRICS 
app and future opportunities

The Hypo-METRICS app is unique in that it aims to report 
hypoglycaemic episodes and symptoms by the participant, 
notably, in real time, thereby reducing one of the big prob-
lems of questionnaires filled out long after the episode of 
hypoglycaemia has occurred—namely, recall bias, which 
tends to lead to an underestimation of the number of ex-
perienced episodes. Our findings align with other evalu-
ations of the Hypo-METRICS app, focused on qualitative 
reporting18 and completion rates across user demograph-
ics.29 User satisfaction is crucial, as a positive reception of 
the app by participants would make it possible to serve as 
a supplementary tool to CGM and glucose meters in dia-
betes research in order to reveal those cases where sensor-
detected episodes of hypoglycaemia do not align with 
patient-reported symptoms. These cases are not rare: As 
Divilly et al.17 demonstrated, more than 60% of all hypo-
glycaemic episodes measured in Hypo-METRICS by con-
tinuous glucose monitoring (CGM) were asymptomatic, 
and over 40% of the episodes reported by participants oc-
curred at glucose levels above 70 mg/dL, thus not being 
captured by CGM sensors. Also, Søholm et al. reported on 
the importance of person-reported hypoglycaemia (PRH), 
as he showed that it significantly impacted various aspects 
of daily functioning, whereas sensor-detected hypoglycae-
mia (SDH) alone had minimal or no discernible impact.10

5   |   CONCLUSION

The study findings demonstrate that the Hypo-METRICS 
app was well received by participants, who found it user-
friendly and easy to integrate into their daily routines. 
Built on the principles of EMA, the app enables real-time 
documentation of hypoglycaemic episodes and reduces 
recall bias inherent in traditional assessment methods. 

Given these unique strengths, the app has the potential 
to become an essential instrument for researchers 
aiming to capture the real-world burden and impact of 
hypoglycaemia.
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