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Self-care foot assessment and
e-Health services for diabetic foot
ulcer patients: a mobile phone app
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Foot complications from diabetes mellitus are one of main causes of lower
limb amputation, however, public awareness of diabetic foot care is low. A
mobile app “Happy Feet” was developed,s targeting patients with diabetic
foot ulcers (DFU). Patients foot awareness substantially increased after three
and six months of using the application. Mean total scores between baseline
and three months were significantly increased (baseline versus three
months, 22.80 versus 25.54; p<0.01), and between three and six months in
“examining between the toes” and “breaking in new shoes slowly” (p<0.01).
Policymakers and medical professionals benefit from the mobile app by
providing accurate and precise information from this group of patients.
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one of the main causes of lower limb

amputation, with enormous medical,
functional, and emotional consequences
(Goodridge et al, 2005; Lincoln et al, 2008; Chen
etal, 2011; Yao et al, 2012). Diabetes-related
lower extremity conditions like peripheral
neuropathy, peripheral vascular disease and
infection, further increase the risk of amputation
(Boulton, 1996; Sharoni et al, 2017). Peripheral
neuropathy causes sensation loss in the feet,
thus patients with sensory neuropathy may fail
to perceive foot problems and they will be more
susceptible to foot deformities and ulceration.
People with diabetes mellitus are 10-15
times more likely to receive lower extremity
amputation than non-diabetic individuals (Van
Houtum, 1997). Furthermore, lower extremity
amputation is associated with high morbidity
and mortality (Abdullah and Abdullah, 2010; Li
et al, 2014; Muhammad-Lutfi et al, 2014; Ahmad
Sharoni et al, 2017), 40.7% of patients became
institutionalised after having an amputation
(Lavery et al, 2003; Murray et al, 2005; Singh et
al, 2005; Wong, 2005). The suboptimal outcome
poses a heavy health and socioeconomic
burden on the healthcare resources and society.

To tackle this the by World Health

Organization (WHO) announ2ced its Global
Diabetes Compact (2020a), which will bring
together in one package all WHO materials for

F oot complications from diabetes are

the prevention and management of diabetes.
Before the COVID-19 pandemic 420 million
people suffered from diabetes (World Health
Organization, 2020b) and the number is
expected to rise to 700 million by year 2045.

Demand for long-term health care is growing
rapidly and one of the most serious challenges
facing the healthcare systems is how to
empower and engage the public in chronic
disease management.

Statistics showed that the incidence
of diabetic foot ulcers (DFU) and rate of
amputation was on an increasing trend over the
past decade (Bekele and Chelkeba, 2020). In an
article reviewing 35 published papers between
January 1966 and October 2005 describing
the trends and differences in prevalence of
people with type 2 diabetes, the percentage
of undiagnosed diabetes of local population
was 52.6% (95% confidence interval: 49.8%
to 55.5%; Wong and Wang, 2006). Patients’
awareness to try and stop the rising trend
in prevalence of diabetes is of the utmost
importance, otherwise, a tremendous increase
in burden caused by diabetes will be seen
(Wong and Wang, 2006). With the increasing
number of people with diabetes and prolonged
life expectancy, it was estimated that by 2025,
12.8% of the local population, representing
more than 1 million people will suffer from
the disease (Lewis, 1995). Reviewing the cases
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admitted to our orthopaedic wards from
January 2018 to March 2018, a total 55 patients
were admitted due to DFUs and chronic wound
management. The mean age of patients was
70.4 years old (range: 39-97), and 63% of these
patients have diabetes-associated conditions. In
this group, 23% required surgical debridement
and over 46% ended up with an amputation.
According to the statistics listed in a review, the
proportion of “younger” patients, aged under
60, receiving amputation is greatly increased,
from 17% to 42% (Muhammad-Lutfi et al, 2014).
Impacts of diabetes-associated conditions for
both economic and social implications are, as
demonstrated, significant. A well-designed
and evidenced-based foot care programme is
essential to increase public awareness.

The public awareness of diabetic foot care
is low (Dixit et al, 2011; Muhammad-Lutfi et al
2014). At present practice in wound care offers
routine wound care support from designated
community health centres and self-dressing
at home, with regular clinic follow-ups, which
are months apart. Introducing the mobile
phone application (mobile app) targeting DFU
patients, they can report any issue with their
feet/wounds by taking pictures or sending
a message to an orthopaedic surgeon who
specialises in the foot and ankle. This kind of
patient feedback mechanism provides timely
professional care without further delay.

E-health has a proven role in the self-
management of chronic diseases and has a
positive effect on self-efficacy, continuous
behavioural and clinical outcomes among
patients with chronic diseases (Murray et
al, 2005; Kerr et al, 2005; Wang et al, 2014).
The popularity of using smartphone in older
generations transforms the e-health experience
to tip-to-healthcare through a mobile phone
application (Lin et al. 2020). Self-surveillance
and direct feedback on DFU management
would be useful to patients with diabetes.

Aim

The objectives of this study are 1) to introduce
the mobile phone application specific for
patients with DUFs 2) to assess the change in
health-related quality of life (HRQOL) outcomes
of the participants before and after using the
mobile app using Diabetes Foot Self-Care
Behaviour Scale (DFSCB).

Materials and methods

A mobile app “Happy Feet” was developed that
included functions suitable for patients with a
DFU foot ulcer including:
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1) Self-care educational materials in video
format, 2) Information on diabetic foot care by
electronic version of a pamphlet and information
on future educational talks, 3) Self-administered
HRQOL questionnaire.

The target sampling population was the
patients visiting the weekly diabetes clinicin
a tertiary hospital, although everyone could
download the mobile app onto their mobile
phones. Subject inclusion criteria were male or
female subjects over the age of 18, individuals with
diabetic foot and mobile phone users; and the
exclusion criteria were non-consenting patients
who had not provided the written informed
consent, and pregnancy or breast-feeding.

Ethics approval was obtained from the
Joint Chinese University of Hong Kong-New
Territories East Cluster Clinical Research Ethics
Committee (Approval No: 2017.657). The
study protocol followed the Declaration of
Helsinki and ICH-GCP. Informed consent and
an educational pamphlet were explained and
signed before patient recruitment. The mobile
app was launched in November 2016 and
started recruiting patient at the clinic at the
same time. An educational talk in an old age
home was held after six months to raise the
community awareness of the use of the mobile
app. The mobile app is still running through
now, although the data collection was stopped
in March 2019 for reporting purposes.

Inside the mobile app - “Happy feet”
The mobile app contained medical information
related to DFUs. The information was taken
from the National Diabetes Education Program
(NDEP) “Feet Can Last a Lifetime" proposed by
the National Institutes of Health (NIH) and the
Centres for Disease Control and Prevention
(National Diabetes Education Program, 2000).
Briefly, the medical information contained
the following:
M Self-care knowledge and behaviour
M Education of diabetes management
M Prevention of foot ulcers
M Foot caring tips and guide for good footwear
M Self-care video for a Healthy diet.

The user interface was simple and suitable for
middle to older aged patients. The mobile app
targeted at both patients and their carers.

Educational pamphlet and talk

Every patient with diabetes suffering from a foot
ulcer received a pamphlet when they visited the
clinic. The pamphlet titled “Foot care for diabetic
patients” contained the following information:
causes of diabetic foot, diabetic foot care, and
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choosing suitable socks. Links to download the
mobile app was also included.

A health education talk was held, aiming at
promoting community primary health care
using the mobile app. The health talk targeted
diabetic foot sufferers, their family members,
their carers, as well as health professionals
including doctors and nurses.

The Diabetes Foot Self-Care

Behaviour Scale (DFSBS)

DFSBS evaluated the participants’ foot self-
care behaviour through seven questions. Part
1 consisted of four questions that were on a
7-point Likert scale, asking for the number of
days, in the last seven days, they carried out
different kinds of foot care. In part 2 three
questions, on a 5-point Likert scale, asked about
the frequency patients or carers carried out
foot care.

The answers of the four questions were
modified following patients’ suggestions. The
answers in Part 1 changed to the same choices
in part 2 with the following changes: “Never”in
part 2 corresponded to “0 day” in part 2, likewise
“Seldom” corresponded to every “1-2 days’,
“Sometimes” corresponded to every “3-4 days”,
“Frequent” to every “5-6 days” and “Always” to “7
days”i.e everyday.

Data collection

Data, from subjects with confirmed diabetes
either recruited at the diabetes clinic or at the
educational talk was collected. They completed
DFSBS the first time on the day of study
recruitment, and after three and six months
through telephone interviews.

Data analysis

The number and percentage of patients
answering the seven questions at the three
time points (baseline, post-3 months and
post-6 months) was tabulated. Chi-square
tests were carried out to look for any statistical
difference among the three time points. Mean
and standard deviation of scores of individual
questions and total scores were also calculated
and compared among the 3 time points using
One-way ANOVA. A line chart graphically
representing the changes in mean scores was
plotted. Data analysis were carried out using
IBM SPSS 26.0 (Armonk, New York). A two-sided
p<0.05 was considered statistically significant.

Results
A total of 301 questionnaires received from
151 patients suffering from diabetes who

entered the study at baseline. There were 79
patients who completed the questionnaire after
three months, and 71 patients completed the
questionnaire after six months. The mean age of
patients was 67.8 (range: 51 to 82).

The attitudes of patients with diabetes to
foot care changed over time. The percentage
of patients who never examined the bottom of
their feet or toes, dried the toes after washing,
applied lotion, checked the inside of the shoes,
and broke in new shoes slowly to avoid skin
damage significantly decreased from baseline
and three months, to six months, indicating
better foot care behaviour over time (Table 1).
Patients significantly increased the time spent
on foot care, performing tasks on 5-6 days
of the week after 3 months. After six months
the patient spent time performing these tasks
on 3-6 days of the week. The frequency that
patients or the caregivers examined the bottom
of their feet had changed from either none
(25.8%), 3-4 days of the week (21.2%) or all
7 days of the week (21.9%). All comparisons
showed statistically significant (p<0.01).

Significant differences in frequency of care
after three months and six months were also
observed (Table 2). Mean total scores of
individual questions and total scores were
significantly increased between baseline and
three months in all questions, except “wash
between my toes” and “dry after washing"”. After
six months, mean scores were increased in
“examining between the toes” and “breaking
in new shoes slowly”. Mean scores in “washing
between toes” and “dry between toes after
washing” were decreased at six months.

No significant difference was found when
comparing between three months and six
months. Mean total scores in three months
were significantly higher than baseline (p<0.01)
(Figure 1).

The total scores of DFSBS increased from
22.80 at baseline to 25.54 at post-3 months and
dropped to 23.63 at post-6 months.

Discussion

All study subjects confirmed the diagnosis
of diabetes mellitus type 1 or 2. This study
aimed to determine the variability of self-
care diabetes foot assessment patterns using
the “Happy Feet” mobile app. The concept of
e-health through the mobile app promoted
self-checking of their DFU. The results from
DFSBS showed significant improvements in
self-care behaviour assessment of individual
foot through baseline, post-3 month and
post-6 month. Statistical differences were
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three months and six months

Table 1. Numbers and percentages of individual questions (Q1 to Q7) at baseline,

Q5. If my skinis dry, | (m

caregiver) apply moisturising lotion to my feet

Baseline 3 months 6 months p-value
(n=151) (n=79) (n=71)

Q1.1 (my caregiver) examine the bottoms of my feet

Never (0 day) 39(25.8%) 3(3.8%) 1(1.4%) <0.01

Seldom (1-2 days) 21(13.9%) 3(3.8%) 11 (15.5%)

Sometimes (3-4 days) 32(21.2%) 22 (27.8%) 30 (42.3%)

Frequent (5-6 days) 26 (17.2%) 42 (53.2%) 25 (35.2%)

Always (7 days) 33 (21.9%) 9(11.4%) 4 (5.6%)

Q2. | (my caregiver) examine between the toes of my feet

Never (0 day) 32(21.2) 3(3.8) 0 <0.01

Seldom (1-2 days) 19(12.6) 6(7.6) 8(11.3)

Sometimes (3-4 days) 38(25.2) 23(29.1) 19 (26.8)

Frequent (5-6 days) 21(13.9) 17 (21.5) 35(49.3)

Always (7 days) 41(27.2) 30(38.0) 9(12.7)

Q3.1 (my caregiver) wash between my toes

Never (0 day) 4(2.6) 1(1.3) 0 <0.01

Seldom (1-2 days) 8(5.3) 8(10.1) 12(16.9)

Sometimes (3-4 days) 23(15.2) 25(31.6) 20(28.2)

Frequent (5-6 days) 31(20.5) 25(31.6) 24 (33.8)

Always (7 days) 85 (56.3) 20 (25.3) 15(21.1)

Q4.1 (my caregiver) dry between my toes after washing

Never (0 day) 15(9.9) 0 0 <0.01

Seldom (1-2 days) 8(5.3) 9(11.4) 5(7.0)

Sometimes (3-4 days) 21(13.9) 22(27.8) 28(39.4)

Frequent (5-6 days) 18(11.9) 33(41.8) 25(35.2)

Always (7 days) 89 (58.6) 15(19.0) 13(18.3)

Never (0 day) 35(23.2) 2(2.5) 3(4.2) <0.01
Seldom (1-2 days) 18(11.9) 5(6.3) 19 (26.8)

Sometimes (3-4 days) 49 (32.5) 27 (34.2) 16 (22.5)

Frequent (5-6 days) 23(15.2) 30(38.0) 25(35.2)

Always (7 days) 26(17.2) 15(19.0) 8(11.3)

Q6. Before | put on my shoes, | (my caregiver) check the inside of the shoes

Never (0 day) 48(31.8) 2(2.5) 1(1.4) <0.01
Seldom (1-2 days) 16 (10.6) 9(11.4) 18 (25.4)

Sometimes (3-4 days) 26(17.2) 19(24.1) 29 (40.8)

Frequent (5-6 days) 21(13.9) 40 (50.6) 19 (26.8)

Always (7 days) 40 (26.5) 9(11.4) 4(5.6)

Never (0 day) 49 (32.5) 2(2.5) 2(2.8) <0.01
Seldom (1-2 days) 30(19.9) 7(8.9) 16 (22.5)

Sometimes (3-4 days) 28 (18.5) 32 (40.5) 26 (36.6)

Frequent (5-6 days) 20(13.2) 27 (34.2) 23(32.4)

Always (7 days) 24(15.9) 11(13.9) 4(5.6)
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Table 2. Mean and standard deviation of individual questions and total scores in Diabetes Foot

Self-Care Behaviour Scale at baseline (n=151), three months (n=79) and six months (n=71)

Baseline 3 months 6 months P value
Q1.1 (my caregiver) examine the bottoms of 2.95+1.49° 3.65+0.88° 3.28+0.85 <0.01
my feet
Q2.1 (my caregiver) examine between the toes of | 3.13+£1.48%" | 3.82+1.14° 3.63£0.85° | <0.01
my feet
Q3.1 (my caregiver) wash between my toes 4.23+1.06** | 3.70+£1.01° 3.59+1.01° | <0.01
Q4.1 (my caregiver) dry between my toes after 4,05+1.36° 3.68+0.91 3.65+0.86° | =0.02
washing
Q5. If my skin is dry, | (my caregiver) apply 2.91+1.38° 3.65+0.95° 3.23+1.10 <0.01
moisturizing lotion to my feet
Q6. Before | put on my shoes, | (my caregiver) 2.93+1.61° 3.57+0.93° 3.10+0.90 <0.01
check the inside of the shoes
Q7.1break in new shoes slowly 2.60+£1.46* | 3.48+0.93 3.15£0.94° | <0.01
Total score 22.80+5.78* | 25.54+4.76° 23.63+3.88 | <0.01
(8,35) (13,35) (13,32)

All items on the scale were rated on a 5-point Likert-type scale, The higher scores represented better foot self-care behaviour. * represents the
comparison pair showing statistical significance after post-hoc Bonferroni multiple comparison correction ® represents another comparison
pair showing statistical significance after post-hoc Bonferroni multiple comparison correction

found in all questions suggesting the mobile
app offered substantial supports on their
self-care behaviour. Our results were similar to
previous studies.

The total scores of DFSBS increased from
baseline to post-3 months and the dropped a
little post-6 months. Our findings are similar to
earlier studies, in which the total scores ranged
from 20.82 to 25.37 (Wong and Wang, 2006). At
baseline, the highest total score was found in
Q3 (I wash between my toes), which was also
comparable with previous studies (Abdullah
and Abdullah, 2010, Muhammad-Lutfi et al,
2014). Toe washing habit ranked top could be
a seasonal issue. The educational talk, aiming
at promoting the use of mobile app, was held
in April, in the study region spring is hot and
humid and people tends to bath more often.
Moreover, some participants having persistent
ulcer on their feet were advised by doctors and
nurses to clean and wipe their inner toes daily.

Apart from cleaning the inner toes more
frequent, participants were more likely to aware
of their bottoms of their feet, between the
toes, drying between the toes, moisturising the
feet, checking the shoes inside and wearing in
new shoes slowly. Raising the effectiveness of
self-care in patients with DFUs and their carers
using a mobile app was proven useful and
sustainable. The mobile app comes with self-
management knowledge provided by medical
specialists, which was also proven useful. The in-
app questionnaire survey continuously provides
the easiest way for patients or carers to reflect

Figure 1. DFSBS total scores at baseline,
three months and six months

26 "
25
o 24
S
w23
22 %
p<0.05 baseline versus 3 months
21
Baseline 3 months 6 months

their motivations, in terms of frequency, and
monitors the HRQOL of the patients closely.
Another important finding from this study
is that the e-health delivered by a mobile app
is proven feasible and possible. Policymakers
can obtain up-to-date information on patients
with DFUs through the mobile-based evidence-
based platform, allowing allocation of exact
resources and funding to aid this patient
population. In terms of the medical sector,
doctors and nurses provide timely support
to the patients. That would possibly reduce
the chance of the symptoms getting worse or
delayed wound management subsequent to
amputation. Hospital resources can be re-
visited and reallocated. The in-app educational
materials provide the most accurate source
of information on DFU care. This is important
to provide evidence-based information to the
patients to avoid conspiracy through social
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media or web search engines. Much information
is inaccurate and non-scientific, which may lead
to delayed DFU treatment.

The mobile app has the unique features that
standout from similar apps, and it is designed
for both patients and caregivers. Patients and
caregivers can access the evidence-based
orthopaedic related information from a
team of orthopaedic specialists. Nowadays,
related information can be easily accessible
through the internet and mobile devices,
but the information are not always accurate.
Information provided in printed matter,
electronic version, and video materials prepared
by sponsors or certain health-care companies
are sometimes incorrect and biased. Our
mobile app includes a self-administered HRQOL
questionnaire (DFSBS) that can let orthopaedic
specialists evaluate how well the patients or
caregivers take care of the diabetic foot. This is
to maintain their quality of life by reducing the
amputation rate due to negligence, delay or
mismanagement of their wound. Introducing
the electronic version of DFSBS allows patients
to provide instant feedback to the orthopaedic
specialists and the orthopaedic specialists can
promptly investigate further any concerns
avoiding delayed responses. The ultimate goal is
to act as an alternative channel for patients with
diabetes to interact with medical personnel in a
pro-active manner.

The mobile app targets for patients of all
ages and caregivers. Their education level and
social status of patients, caregiver, and general
public can be largely diverse, therefore, we aim
at accessing the useful materials in several tabs
and swipes. We also evaluate the readibility of
the materials to make sure the contents in the
materials are understandable for lay users.

Data protection and security are always
our concerns. Data is encrypted by
standard encryption algorithm (AES, DES).

A secured connection is used to protect the
communication between the application and
the server. All data is stored in our local server.
All data stored on the server were encrypted. All
users are requested to login before reviewing.

The rolling out of this mobile app means
much to the people with diabetes living in
community settings. The roll out also aims to
reduce the cost on public hospital resources by
lowering the incident of surgical management
of DFUs and encouraging patients’
independence in disease management. We
recommend institutes adopting this mobile
app work together and share their experience
and data in order to provide better wound

Wounds Asia 2021 | Vol 4 Issue 3 | ©Wounds Asia 2021 | www.woundsasia.com

management in patients with diabetes through
different levels of collaborations.

Limitations

Limitations were inevitably found in this
study. This study employed convenience
sampling method which means the sample
population may not be representative of the
entire diabetic population. Similar to other
studies, the diabetes foot self-care behaviour
scale is predominantly relied on self-reported
memory of past behaviours, which subject to
recall and reporting biases. A majority of our
study participants were treated by inpatient
or outpatient care in tertiary hospitals. This
healthcare umbrella may be different from the
general population which may make the data
not entirely generalisable to other populations.

Conclusions

Through a mobile phone application, the
self-care behaviour (aware of their bottoms of
feet, between the toes, drying between the
toes, applying moisturising the feet, checking
the shoes inside and wearing in shoes slowly)
of diabetes mellitus patients suffering from
foot ulcers substantially increased after

three months using the application. It was

still increased after six months compared

with the day of recruitment/starting to use

the application. The mobile app contains
educational materials that provide evidence-
based information different from unreliable
sources, such as social media or search engines.
Both policymakers and medical professionals
will benefit from the mobile app providing
accurate and correct information to this group
of patients. WAS
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