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Abstract

Background With the advent of the smart phone era, managing blood glucose at home through apps will become
more common for older individuals with diabetes. Adult children play important roles in glucose management of
older parents. Few studies have explored how adult children really feel about engaging in the glucose management
of their older parents with type 2 diabetes mellitus (T2DM) through mobile apps. This study provides insights into the
role perceptions and experiences of adult children of older parents with T2DM participating in glucose management
through mobile apps.

Methods In this qualitative study, 16 adult children of older parents with T2DM, who had used mobile apps to
manage blood glucose for 6 months, were recruited through purposive sampling. Semi-structured, in-depth, face-
to-face interviews to explore their role perceptions and experiences in remotely managing their older parents’blood
glucose were conducted. The Consolidated Criteria for Reporting Qualitative Research (COREQ) were followed to
ensure rigor in the study. The data collected were analyzed by applying Colaizzi's seven-step qualitative analysis
method.

Results Six themes and eight sub-themes were identified in this study. Adult children’s perceived roles in glucose
management of older parents with T2DM through mobile apps could be categorized into four themes: health
decision-maker, remote supervisor, health educator and emotional supporter. The experiences of participation could
be categorized into two themes: facilitators to participation and barriers to participation.

Conclusion Some barriers existed for adult children of older parents with T2DM participating in glucose
management through mobile apps; however, the findings of this study were generally positive. It was beneficial and
feasible for adult children to co-manage the blood glucose of older parents. Co-managing blood glucose levels in
older parents with T2DM can enhance both adherence rates and confidence in managing blood glucose effectively.
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Background

According to the latest data from the International Dia-
betes Federation, the global prevalence of T2DM in
adults was 537 million people in 2021, and a projected
783 million people will be living with diabetes by 2045
[1]. Surveys from 2015 to 2017 showed that the preva-
lence of diabetes in China was above 20% in older adults
aged 60 years and over [2]. According to data from Chi-
na’s National Bureau of Statistics, 190 million people
aged 65 years and over were living with diabetes in China
by the end of 2020, accounting for 13.5% of the total pop-
ulation [3]. Population aging has become a major issue,
challenging the sustainability of healthcare and social
care services.

Mobile apps are effective tools for managing blood glu-
cose, diet, activity and wounds [4-7]. Older adults as a
target group may benefit from using apps [8]. Neverthe-
less, older adults face many barriers in using technology
for healthcare decision-making, including issues with
familiarity, willingness to ask for help, trust of the tech-
nology, privacy and design challenges [9]. Older adults
may need support and assistance from their family mem-
bers when they use mobile apps, and family support is
mostly from their spouses and children [10]. Studies are
lacking on how adult children really feel about engaging
in the glucose management of their older parents with
T2DM through mobile apps. Therefore, this study aimed
to explore the role perceptions and experiences of adult
children involved in remote glucose management of older
parents with T2DM.

Methods

Study design

This qualitative study used a phenomenological approach
involving a series of personal, semi-structured inter-
views. This study was conducted based on the COREQ
[11]. It was conducted from May 2022 to February 2023
at the Department of Endocrinology and Metabolism of a
tertiary care hospital in Guangzhou, China.

Recruitment and participants

To capture diverse insights relevant to our research
theme, purposive sampling was employed. The inclu-
sion criteria were as follows: @ participants with a father/
mother aged>65 years diagnosed with type 2 diabe-
tes [12]; @ participants aged>18 years and <65 years; @
followed the app of Sinomedisite Glucose Manager via
WeChat and checked father’s/mother’s blood glucose
data at least once a week for 26 months; @ no reading and
communication disorders. Exclusion criteria included

individuals with cognitive impairment, psychiatric dis-
orders (such as depression, anxiety disorders, schizo-
phrenia, and bipolar disorders), hearing impairments, or
those who were unable to independently communicate
verbally in Mandarin. Sample size was based on data sat-
uration. Each participant was provided with a glucometer
and complimentary access to the management app. Ethi-
cal approval for this study was obtained from the ethical
committees of Nanfang Hospital of Southern Medical
University (NFSC-2022-002) and written informed con-
sent was provided by all participants.

App description
The app of Sinomedisite Glucose Manager has the fol-
lowing features:

1. Automatic uploading of blood glucose data: The
blood glucose data can be automatically uploaded
through the wireless network.

2. Data recording: Parents can record their diet,
exercise, etc. in the APP.

3. Data analysis: The APP can intelligently generate
blood glucose curves, the average fasting blood
glucose, the average postprandial blood glucose,
the adherence rate for blood glucose control, the
incidence of hyperglycemia and hypoglycemia.

4. Knowledge and video section: The APP is e-Health
literacy friendly and can provide information on
diabetes through text or video formats.

5. Communication: Parents can send messages to
administrator for assistance through the APP.

6. Co-managing blood glucose: Adult children can
receive real-time updates of their parents’ blood
glucose levels and reminder of abnormal readings
through the APP.

Focus group guide

The final focus group guide (Table 1) used in this study
was developed based on the COREQ, literature, discus-
sions within the research team, expert consultations and
pre-interviews. To minimize bias, a trained researcher
conducted the semi-structured interviews. At the conclu-
sion of each session, interviewees were prompted to add
any further comments.

Data analysis

The data were analyzed using Colaizzi’s seven-step quali-
tative analysis method. The transcription and analy-
sis processes were conducted concurrently by 2 trained
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Table 1 Focus group guide
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1.What is your understanding of adult children co-managing older parents’'blood glucose?

2.What is your role in using the app to co-manage your parent’s blood glucose?

3. Can you talk about your experiences of co-managing blood glucose through the mobile app?

4.What do you think are the factors that affect you to take part in glucose management of your parent through the mobile app?

5.What are the difficulties in using the app? How did you cope with them?

6. What are your comments and suggestions for participating in glucose management via app?

Table 2 Demographic characteristics of interviewees

Table 3 Study themes and sub-themes

Variable Frequency (%) Themes Sub-themes
Interviewees' characteristics (n=16) Role Health
Gender perceptions decision-maker
Men 7(43.8) Remote supervisor
Women 9(56.2) Health educator
Occupational status Emotional
Employed 15(93.8) supporter
Unemployed 1(6.2) Expgri(enc‘es of Facillitfators to Convenience
Education participation participation App user-friendly
Junior diploma or below 4(250) Digital empowerment
Above Junior diploma 12(75.0) Family-based health promotion
Living with patients Barri.ers tg Privacy and security concerns
NO 12(75.0) participation Adaptation and learning
YES 4(25.0) Lack of knowledge about
Know blood glucose control goals glucose management
NO 6(37.5) Colncems oven the cost of test
YES 10(62.5) strips
Family monthly income (CNY ?)
<10,000 5(313) Sixteen face-to-face, semi-structured interviews were
>10,000 11(687) conducted in a separate examination room in the depart-

2CNY is Chinese Yuan

reviewers. The audio recordings were transcribed into
text within 24 h following the interviews, and any ambi-
guities or uncertainties were clarified or verified by
consulting the interviewees. Nvivol2 supported the
organization of codes and themes during data analy-
sis. The textual data transcribed from each interview
were imported into the Nvivol2 project. After meticu-
lously reviewing the original materials, two independent
reviewers extracted key phrases and sentences, coding
them individually. Discrepancies were discussed and
resolved until a 90% consensus was achieved. Persistent
disagreements were adjudicated by an expert in qualita-
tive research, based on the inputs from the two review-
ers. The final nodes and themes were agreed upon by the
research team to reduce bias and verified by re-engaging
with the interviewees. After data analysis, representative
quotes for each theme and sub-theme are selected and
presented in Supplementary file 1.

Results

Demographic data

After interviewing 14 patients, no new themes emerged
in the last two interviews, indicating that data saturation
had been reached. Hence, we stopped the interviews.

ment, each lasting approximately 15-40 min, which were
audio-recorded with participants consent. Demographic
characteristics of interviewees are shown in Table 2.

Themes
Among adult children’s role perceptions, the following
four themes were identified: (1) health decision-maker;
(2) remote supervisor; (3) health educator; and (4) emo-
tional supporter. Among adult children’s experiences of
participation, the following two themes were identified:
(1) Facilitators to participation; and (2) Barriers to partic-
ipation. The details of these themes are shown in Table 3.
Role perceptions of adult children co-managing blood
glucose for older parents with T2DM using a mobile app

1. Health decision-maker Older parents with T2DM often
experience a higher prevalence of cognitive dysfunc-
tion, which may impair their ability to make timely and
appropriate health decisions. Adult children can keep
track of their parents’ blood glucose through the mobile
app. Information sharing can help adult children provide
timely and appropriate decision-making for older parents
with T2DM.

N7: “As soon as I received the message that his blood sugar
was 3.2 mmol/L, I called him to drink sugar water and
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test his blood sugar again 15 minutes later. I reduced his
bedtime insulin by 4 units after consulting with the doctor.
After that, he rarely suffered from hypoglycemia.

N15: “The mobile app revealed that the adherence rate for
blood sugar control was only 50%. The reason for blood
sugar levels not meeting the standard may be related to
excessive rice consumption. Therefore, I suggested she
measure postprandial blood sugar, which was 16 mmol/L.
Following the dietitian’s advice, I recommended she limit
her rice intake to 75 g per meal. As she was unsure how to
measure the rice, I bought an electronic scale and taught
her how to use it to control her staple food intake. Conse-
quently, her adherence rate improved from 50-60%.

2. Remote supervisor Some interviewees said that they
were far away from their parents. By viewing their par-
ents’ blood glucose data through the mobile app, they
could track blood glucose data and remind their parents
to address abnormal blood glucose levels by taking medi-
cation and adjusting their diet when experiencing irregu-
lar readings.

N7: “Although my father doesn’t live with me, I can keep
an eye on his blood sugar through the mobile app. When
his blood sugar is lower than 5.6 mmol/L, I remind him to
eat 3 pieces of soda crackers or drink a glass of milk”

N9: “As my father is old and has a bad memory, he would
miss his medication. I checked to see if his blood sugar
was up to standard via the mobile app and reminded him
daily not to miss his medication”

3. Health educators Adult children can give timely guid-
ance to their parents when they see abnormal blood glu-
cose data via the mobile app, breaking the constraints of
time and space, and helping their parents adopt behav-
iors conducive to optimizing blood glucose.

N2: “T can check his blood sugar data anytime and any-
where through the app. One day he ate plain congee
resulting in high blood sugar. Then I told him not to drink
plain congee. If he wants it, he should add beans, wheat,
and lean meat to plain congee”

N4: “I received a message which showed that she suffered
from hypoglycemia. It turned out that exercising on an
empty stomach caused her hypoglycemia. I stressed the
precautions to be taken in exercising. After that, she never
exercises on an empty stomach.”

4. Emotional supporter older individuals with diabetes are
prone to psychological problems such as depression, anx-
iety and fear because of the long duration of the disease,
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complications, hypoglycemia and other unexpected situ-
ations. Adult children can provide emotional support to
parents in time, alleviating their negative emotions and
increasing their confidence in glucose control.

NI: “I saw his blood sugar fluctuating wildly via the
mobile app and called him to ask why. He said he had
poor sleep and wondered if he was suffering from depres-
sion. I comforted him that everything would be fine. After
two weeks of adjustments, his mood was improved.”

N6: “My mother had anxiety and was terrified of hypo-
glycemia. I told her to take it easy and monitor her blood
sugar regularly so that I could keep track of her blood
sugar. I taught her ways to cope with hypoglycemia. She’s
not so scared anymore and confident in her blood sugar
control”

The experiences of participation in the glucose manage-
ment for older parents with T2DM using a mobile app

1. Facilitators to participation There are facilitators to
participation, such as convenience, app user-friendly, dig-
ital empowerment and family-based health promotion.

1.1 Convenience Adult children can access blood glucose
data online, eliminating the need to look through manual
records.

N7: “Although my father doesn’t live with me, I can keep
an eye on his blood sugar anytime and anywhere through
the mobile app”

NB8: “I used to have to keep track of his blood sugar through
his paper records. But now I can check his blood sugar
through the app. It's very convenient.

1.2 App user-friendly The blood glucose data are pre-
sented in a visual curve, which makes management more
intuitive and accurate. The app can display the adher-
ence rate for blood glucose control and the incidence of
hyperglycemia and hypoglycemia in a variety of graphical
outputs.

N1I1:“The blood sugar data are presented in a visual curve,
which makes management more intuitive and accurate.
So I find it very, very useful”

N12: “Information collected can be presented in a variety
of graphical outputs. It’s so easy and intuitive now that
I no longer worry her about misremembering or missing
records.”

empowerment Digital

1.3 Digital blood glucose
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management enables adult children to use the mobile app
to improve the ability and efficiency of their older parents
with T2DM to manage blood glucose levels, instead of
relying solely on healthcare professionals.

N6: “From the time I told her blood sugar control goals
and taught her how to check her adherence rate via the
mobile app, she paid more attention to her blood sugar
and monitored blood sugar regularly”

N14: “I learned that exercising after meal can lower post-
prandial blood sugar through the app. Based on her exer-
cise and blood sugar, I worked with her on an exercise
programme which increased her adherence rate for blood
sugar control to 70%.

1.4 Family-based health promotion Engagement of adult
children in managing the blood glucose levels of their
older parents with T2DM enhances familial support. This
includes aiding in dietary choices and financing treat-
ment, thereby improving glucose control and promoting
health.

N8: “He has diabetic nephropathy. In order to control his
protein intake and blood sugar, I help him prepare break-
fast, lunch and dinner. The mobile app showed that his
adherence rate has increased from 50-80%.

N13: “I and my sister kept track of her blood sugar via the
app and bought her medication monthly. After a period of
medication, her blood sugar was under control”

2. Barriers to participation There are barriers to partici-
pation, such as privacy and security concerns, adaptation
and learning, lack of knowledge about glucose manage-
ment, and concerns oven the cost of test strips.

2.1 Privacy and security concerns A few interviewees
stated that they had concerns about entering personal
information into a mobile app owing to the fear of secu-
rity breaches.

NS5: “While we can help the elderly manage their blood
sugar through mobile apps, I am worried that my mother’s
information will be leaked”

N7: “Nowadays there are a lot of scammers. The elderly
are easily deceived. I am afraid that the personal informa-
tion which is entered into the app will be utilized by an
illegal actor after it is leaked”

2.2 Adaptation and learning It takes time to learn and get
used to the new application.
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N8: “I wasn’t used to use the app at first”

N11: “After 2 weeks of adaptation and consulting with
doctors and nurses, 1 am now proficient in using the
mobile app”

2.3 Lack of knowledge about glucose management Lack of
knowledge may affect adult children to take part in glu-
cose management of older parents.

N3:“1 didn’t know his blood sugar control goals. There’s no
point in focusing on his blood sugar via app”

N11: “One day his blood sugar was 3.8 mmol/L. I was
afraid that he would have hypoglycemic symptoms and
told him not to take his pre-breakfast insulin injection. As
a result, his blood sugar was 18 mmol/L in the 2 h after
the meal. When an emergency occurs, 1 still don’t know
what to do”

2.4 Concerns oven the cost of test strips Several adult chil-
dren expressed concerns regarding the high cost of test
strips, which were perceived as unaffordable. This finan-
cial burden could deter both older parents and their chil-
dren from purchasing these essential supplies, resulting
in less frequent blood glucose monitoring by the older
parents. Consequently, this infrequent monitoring could
adversely affect the reliability of the glucose data accessed
via apps by adult children, diminishing their motiva-
tion and efficacy in jointly managing their older parents’
condition.

N4: “The test strips are too expensive. I have already
bought her test strips twice, which were not reimbursable”

N9:“Do you provide complimentary test strips? He hesi-
tates to incur expenses, thus rarely monitors his blood
sugar. Consequently, I can access only limited data
regarding his blood sugar levels”

N16: “The test strips are so expensive that I can’t afford
them”

Discussion
The current qualitative study provided insight into the
role perceptions and experiences of adult children of
older parents with T2DM in participating in glucose
management through a mobile app. Six themes and eight
sub-themes were identified in this study.
Family-involvement intervention is helpful in diabe-
tes management [13]. Higher levels of social support are
often associated with increased disease knowledge, bet-
ter medication adherence, better self-efficacy and glucose
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control [13-17]. As important family members of older
parents with T2DM, adult children assume an important
role in geriatric diabetes care. The results of this study
showed that most of adult children were able to pro-
vide health decision-making, remote supervision, health
education, and emotional support to older parents with
T2DM by participating in glucose management through
a mobile app.

Significant and positive associations have been found
between diabetes and anxiety disorders [18]. Diabetes
and depression are frequently comorbid in older adults
[19]. Older adults with diabetes have unique psychologi-
cal and medical challenges that impact self-care and glu-
cose control [20]. Most adult children in this study were
able to provide emotional and psychological support for
their older parents, which alleviate their negative emo-
tions and increase their confidence in glucose control.

Mobile apps can improve self-management behavior
of patients in terms of dietary control, physical exercise,
blood glucose monitoring, medication adherence, and
screening of complications [17, 21-23]. Studies have
shown that mobile apps help individuals with diabetes to
control their blood glucose effectively [24—29]. However,
older adults face many barriers in using technology for
healthcare decision-making, including issues with famil-
iarity, privacy, and design challenges [9]. Therefore, there
is a need for adult children to use these mobile apps to
assist their older parents in glucose management.

Many studies have reported that issues of privacy
and security are a major concern [9, 30], and our study
echoed this. These problems are further exacerbated
when traditional paper records are transferred to an elec-
tronic medium. We have found many important chal-
lenges in implementing a secure healthcare monitoring
system using medical sensors [31]. A systematic review
and meta-analysis indicated that older adults are sus-
ceptible to fraud [32]. In this study, some interviewees
expressed the concerns about the privacy and security of
the mobile app, fearing potential information leak about
their parents. In order to protect the security and privacy
of older adults, we have enhanced testing and mainte-
nance for the APP and assured that the information will
be kept confidential.

Technical barriers can result in decreasing intention
to use the app [33]. This study showed that several adult
children had difficulties in applying mobile apps and
needed time to adapt. Healthcare professionals should
instruct adult children of older parents in the use of
mobile apps and appraise them if necessary to make sure
that they have mastered use of the apps. Barriers to app
use include participant’s technological literacy and lack
of knowledge and awareness of apps as healthcare tools
[34]. So we need to improve the knowledge and aware-
ness of apps as effective tools to control blood glucose.
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Several interviewees in this study reported that app
motivated them to learn about diabetes and improved
the ability and efficiency of the older parents to control
their blood glucose instead of relying solely on healthcare
providers.

This study showed that a small proportion of adult
children lacked knowledge about glucose management.
Family members involved in a patient’s diabetes manage-
ment may impede the patient’s self-care and compromise
glucose control unless the family members are taught
to avoid obstructive behaviors [35]. Non-supportive
behaviors include nagging, arguing, getting in the way
of patient’s self-care, food temptation, visible irritation,
and refusing to share the burden of living with diabetes
[36—38]. Non-supportive behaviors among family mem-
bers are thought to be associated with patients being
less adherent to their diabetes medication regimen, and
being less adherent is associated with worse glucose con-
trol [39]. Family members with knowledge of diabetes
can provide supportive behaviors and participate in glu-
cose management of older adults with diabetes. Studies
have shown that people with diabetes have significantly
higher levels of health literacy and diabetes knowledge
when they care for themselves with additional caretaker
assistance [14]. Health knowledge can have an impact
on the self-management abilities by bolstering individu-
als’ confidence to modify health behaviors, and has posi-
tive implications for health outcomes among older adults
residing in social housing [40]. The knowledge of patients
and their key supporters should be regularly assessed in
future practice. In the development and implementa-
tion of telehealth programs, the level of health literacy
of caretakers should be fully considered. Furthermore,
training programs should be developed for key support-
ers to improve their knowledge of diabetes.

Adult children’s attention to the blood glucose levels of
their parents through mobile apps relies on the patient
performing blood glucose monitoring. If older parents
with diabetes do not monitor their blood glucose, adult
children will not be able to participate in glucose manage-
ment. Some interviewees in this study indicated that the
test strips were so expensive that they could not afford
them. This is consistent with a previous study, in which
the cost of self-monitoring of blood glucose (SMBG) was
the main reason why participants did not practice SMBG
regularly [41]. This financial burden could deter both
older parents and their children from purchasing these
essential supplies, resulting in less frequent blood glucose
monitoring by the older parents. The state could reim-
burse a percentage of the cost of test strips for older indi-
viduals with diabetes when developing health insurance
policies. Healthcare professionals should set a personal-
ized frequency of SMBG for older people with diabetes.
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Strengths and limitations

The current study had several noteworthy strengths.
First, the current study reported according to the
COREQ. Second, in order to increase the reliability of the
study, any differences in design, methodology, data analy-
sis and results were discussed by the research team until
agreement was reached. Third, all data were analyzed
by the study team. Interviewees were audio-recorded to
ensure the authenticity of the findings and, during the
course of the study, the researchers retained the focus
group guide, recorded data, original transcriptions, and
study results.

Nevertheless, there were limitations to the current
study. Interviewees were recruited from a tertiary care
hospital. Thus, the sample was not representative of all
adult children’s perceptions of co-managing the blood
glucose of their older parents with T2DM through a
mobile app. Therefore, the findings and conclusions
should be interpreted with caution in terms of universal-
ity. Future research is needed to (1) evaluate the usabil-
ity of mobile app in older adults with diabetes and (2)
assess the effectiveness of adult children’s involvement in
glucose management of older parents with diabetes via
mobile app through randomized controlled trials, trials
with larger sample sizes, trials with effective recruitment
strategies and sampling methods, and trials in different
settings such as primary care.

Conclusion

Although there were barriers to participation in glu-
cose management of older parents with T2DM through
a mobile app, the findings of this study were generally
positive. It was beneficial and feasible for adult children
to co-manage the blood glucose of their older parents.
Co-managing blood glucose levels in older parents with
T2DM can enhance both adherence rates and confidence
in managing blood glucose effectively.

The results of the current study can provide the basis
for the development of telemedicine and telehealth in
geriatric care, and promote the in-depth application of
internet, mobile apps, and other information technolo-
gies in elderly services.
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