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Abstract

Purpose — The study aimed to evaluate the effectiveness of the Healthy e-Elderly People Intervention (HEPI)
mobile application in reducing the physical health effects caused by smartphone usage.
Design/methodology/approach — This randomized controlled trial involved elderly volunteers residing in
different regions of Thailand and using smartphones. The samples included 33 participants in each control and
intervention group. The intervention group received the HEPI application with reminder messages, while the
control group received the HEPI application without reminder messages. Assessments were conducted at
baseline, follow-up 1 (four weeks after the last reminder messages) and follow-up 2 (12 weeks after the last
reminder messages). Data analyses (i.e descriptive statistics, independent sample #-tests and repeated-
measures analysis of variance) were used to obtain the overall mean change difference between the intervention
and control groups at different time points (per-protocol analysis). The priorities of physical health risk were
assessed using Health Risk Matrix.

Findings — The HEPI mobile application significantly improved knowledge, attitudes and practice scores in
both the HEPI with and without reminder messages. The mean physical health risk score in both control and
intervention groups was radically decreased from baseline to follow-up 1; lower physical health scores
suggested lower health risk.

Originality/value — Increased duration of smartphone usage by elderly individuals in Thailand may result in
arisk of developing several serious health conditions. The HEPI application with reminder messages could be
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used as a tool to benefit smartphone users and would further benefit from a booster after four weeks of
intervention.

Keywords Health effects, Smartphone, Elderly, Mobile health, Mobile apps, Thailand
Paper type Research paper

Introduction

A smartphone is a type of mobile phone that offers more general computing capabilities,
supporting a wide range of other services, such as message, Internet access, e-mail and
gaming [1]. The number of smartphone users in Thailand has increased from 8.0% of the
Thai population in 2012 to 50.5% in 2016 [2]. However, the use of smartphones exerts
negative effects on physical health, such as headache, dizziness [3], eye pain, musculoskeletal
pain, neck pain, shoulder pain and wrist pain [4].

Elderly individuals in Thailand also use smartphones in their daily life. As shown in
previous data, the number of elderly mobile phone users was 5,816,966. Of those, 639,911
individuals (6.4 %) reported using smartphones [5]. The average period of smartphone usage
among Thai elderly smartphone users was 3.1 + 2.1 years. The average + standard deviation
time spent on devices was 2.8 + 1.9 h/day [6]. Previous studies have shown that the most
popular application used was reported to be for social networking. Most elderly users had
experienced dim eyes, eye pain, shoulder or neck pain, sore muscles and wrist pain [6, 7].

One of the factors associated with the effects on physical health among elderly
smartphone users was its use for social networking [6], which required the users to hold their
arms out in front of them to read. Furthermore, thumb postures while text messaging may
lead to pain in the neck and shoulders [8]. Moreover, the too-small size of screens and poor
body postures while using smartphones resulted in back pain and neck pain [4, 9]. Continuous
usage of mobile communication devices is associated with effects on physical health, such as
eye pain [6] that may be caused by faster evaporation of the tear film [10]. However, currently,
there are no specific intervention programs aimed at reducing the effects of smartphone
usage on the physical health of elderly individuals. Therefore, an intervention program for
elderly smartphone users should be considered.

The use of smartphones offers certain advantages, such as mobile health (mHealth). The
World Health Organization (WHO) defined mHealth as “medical and public health practice
supported by mobile devices, such as mobile phones, patient monitoring devices, personal digital
assistants, and other wireless devices”. The value of mHealth is the production of healthcare
practices that become accessible to the community by mobile communication technologies [11].
Furthermore, mHealth becomes a catalyst for observing opportunities in health and promoting
healthy behavior for the prevention or reduction of adverse health effects [12].

The Healthy e-Elderly People Assessment (HEPA) application was introduced to perform
health risk assessments among smartphone users. The HEPA consists of a 5-part
questionnaire including demographic characteristics, usage of smartphones, frequency
and magnitude of health effects lasting three months during and after using smartphones
based on the participant’s perception and judgment, knowledge, attitudes and practices
regarding health effects of smartphone use and quality of life [7]. The Healthy e-Elderly
People Intervention (HEPI) application was based on the Health Belief Model (HBM) that was
developed to examine why people failed to accept protective health measures. It is the most
widely active theory of health behavior (Figure 1). The four primary variables consisted of the
original HBM which were susceptibility, severity, benefit and barrier. Moreover, from the four
primary variables previously mentioned, cue to action determinant was added to the HBM
model to represent an activation for health behavior when proper beliefs are supposed. In
1988, self-efficacy was added to the HBM [13]. HEPI was developed to reduce the physical
health risk.
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This study aimed to evaluate the effectiveness of the HEPI mobile application in terms of
enhancing knowledge and improving attitudes among smartphone users regarding the
health effects related to this activity as well as to promote appropriate practices of
smartphone usage. Finally, the focal point was to evaluate the effectiveness of the HEPI
mobile application on the physical health effects among elderly smartphone users.

Materials and methods

This was a randomized controlled trial (single-blinded) involving Thai elderly smartphone
users using the mobile application in the same interfaces and smartphone usage as an
individual user. The intervention group was provided with the HEPI application and reminder
messages, while the control group was provided with the HEPI application without reminder
messages. The study area was Thailand. The population was elderly people in Thailand. There
were 33 participants in the intervention group, and 33 participants in the control group. This
volunteer population included males and females aged 60-80 years, who had experienced
moderate or severe physical health effects from smartphone usage, according to an evaluation
performed by the Healthy e-Elderly People Assessment (HEPA) mobile application. The
physical health risk level came from the frequency and magnitude of health effects lasting three
months during and after using smartphones or tablets based on the participant’s perception [7].
The sampling technique in this study phase was based on volunteer users of the HEPA
application. All volunteers came from all regions of Thailand. Because of the time limitation to
this study, after five months of HEPA activity, the recruiting process was stopped. The number
of participants recruited was 66 people. The next step involved the randomized allocation of 33
participants into the intervention group and 33 participants into the control group (Figure 2).
The study included only users who had an android smartphone and used it for >6 months.
Individuals who planned to change smartphones were excluded.

Intervention
The HEPI application was produced within the Thai context and appeared as a free download
in the Google Play store for android phones. The intervention group was provided with the
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Figure 1.
Health belief model
framework
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Figure 2.
Flow diagram of
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HEPI application and reminder messages, while the control group was provided with the
HEPI application without reminder messages. The main page showed four main buttons (i.e.
a checklist menu, a notification menu, a “suggestions for practice” menu and a settings menu),
in addition to a reminder message function for the intervention group. The checklist menu
consisted of seven questions per week, with a running period of four weeks and a total of 28
questions. The checklist was a set of questions requiring “yes” “no” answers such as “Did you
turn off your device at least 1-2 h before sleep last week?”. The questions were used to assess
the behaviors of elderly users during the previous week and confirm whether they had
implemented the practices suggested by the reminder message. The question checklist was
related to reminder messages and suggestions for practices. The notification menu showed all
the reminder messages that they had received up to that point in time. The “suggestions for
practice” menu included information regarding the appropriate use of mobile communication
devices to reduce its adverse effects on physical health. This was separated into four groups
of symptoms: eye system, nervous system, musculoskeletal system and other systems.
Subsequently, each system displayed a suggestion for each symptom via a suggestion line
with an image that was related to the suggestion. The setting menu described the details of
the project, the researcher and the contact information of the research assistants. Reminder
messages appeared every day in the morning and evening which were the time that had the
highest number of smartphone users. The reminder message was identical to the suggestions
appearing in the practice menu.

Instruments

The HEPA application is used as a health risk assessment of users. It measured the frequency
and magnitude of health effects that occur while using a smartphone or tablet, or after using it
for the previous three months. There were 15 effects on physical health (ie. eye pain,
conjunctivitis/dim eyes, red eyes, eye irritation, eye dryness, watery eyes, headache,



dizziness/nausea, heart palpitations, fatigue/exhaustion, wrist pain, trigger finger, numb
finger/hand, shoulder or neck pain/sore muscles, low back pain, sleepless/restless sleep
patterns, defecation and urogenital disorders and accidents), 10 effects on mental health and
nine effects on social health that were assessed. Knowledge questions about smartphone
usage can cause headache, dizziness, red eyes, eye irritation, dry eyes, exhaustion, eye
irritation, dry eyes or tear flow, trigger or numb fingers, shoulder or neck pain or sore muscle
or low back pain, sleeplessness and bacteria on smartphones. Attitude questions were
opinions about smartphone usage and its health effects and opinions about smartphone
usage for preventive health effects. Questions relating to practice were asked about their
continuing or frequent use of smartphones and practices of smartphone usage while walking
on the street, transporting on board, driving and while engaged in activities with the family.

Ethical issue. The experimental protocol was approved by the Ethics Review Committee
for Research Involving Human Research Subjects, Health Sciences Group, Chulalongkorn
University (COA No. 058/2017; Date of approval: 28 March 2017).

Data collection and analysis

Research assistants were trained by the researcher, and the researcher gave information to
participants at the participant’s house or Provincial Public Health Office that participants
were living in. Research assistants and researchers installed the HEPI application on the
mobile communication device of participants. A questionnaire in the HEPA mobile
application had been used for the baseline survey. The assessment that was conducted at
baseline and follow-up 1 was collected four weeks after the last reminder messages from the
HEPI application and follow-up two was collected 12 weeks after the last reminder messages
from the HEPI application. For knowledge regarding the health effects of the communication
device and application usage, a correct answer for the knowledge score was given 1 score and
0 scores for wrong answers. The knowledge scores between 8 and 10 were high levels, 6 and 7
were moderate levels, 0 and 5 were low levels. Attitude and practice scores were classified into
three levels by using minimum and maximum interval as follows: a score between 13.34 and
20.00 was a good level, 6.67 and 13.34 was a moderate level, and 0 and 6.67 was a poor
level score.

The SPSS program version 16 was used to analyze the data. The independent sample #-test
and Mann—Whitney U test were used to detect differences in continuous variables between
the intervention and the control groups at baseline. Repeated measures analysis of variance
(ANOVA) was used to detect the overall mean change difference between the groups at
different time points (per-protocol analysis).

Results

The average age in the intervention and control groups was 65.03 + 4.77 and 63.79 + 4.34
years, respectively (Table 1). The comparison between participants in intervention and
control groups at baseline among dependent variables found that a significant factor was a
total attitude (Table 2).

Following the implementation of the intervention program for four weeks (follow-up 1),
the knowledge scores in both the intervention and control groups were increased. At follow-
up 1, the knowledge score in the intervention group (7.90) was higher than that reported in the
control group (6.81). After 12 weeks of intervention (follow-up 2), the knowledge scores in
both the intervention (5.13) and control (5.56) groups decreased; however, the knowledge
scores were higher than those observed at baseline.

The attitude scores of the effects of device usage exhibited a statistically significant
difference between the intervention and control groups at baseline. The attitude scores in the
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JHR intervention group were slightly increased from baseline to follow-up 1 (14.35) and slightly
356 decreased at follow-up 2 (13.65). In contrast, the attitude score was significantly increased
’ between baseline and follow-up 2 in the control group. Furthermore, the attitude scores were
significantly increased from follow-up 1 (11.22) to follow-up 2 (13.44). Moreover, the attitude
in the intervention group was significantly improved versus that recorded in the control
group at follow-up 1.
558 The practice score in the intervention group was markedly increased from baseline to
follow-up 1(17.03) and decreased at follow-up 2 (14.90). Nevertheless, the practice score in the
control group was slightly increased from baseline to follow-up 1 (13.44) and at follow-up 2
(13.97). The practice score in the intervention group was higher than the practice score
reported in the control group at follow-up 1.

The physical health risk score in the intervention group was markedly decreased from
baseline to follow-up 1 (5.55) and increased at follow-up 2 (8.35). Similarly, in the control
group, the physical health effect risk score was markedly decreased from baseline to follow-
up 1 (7.56) and increased at follow-up 2 (8.88).

Repeated measures ANOV A with adjusted variables (photo application usage and device
usage at the workplace) showed the statistically significant difference observed between the
intervention and control groups in knowledge regarding the usage of mobile communication
devices and applications and the score of the effects of usage at follow-up 1. Besides, there
was a statistically significant difference between the intervention and control groups in
knowledge at follow-up 2 (Figure 3).

Comparison of the attitude score at different measurement periods did not reveal a
statistically significant difference between baseline, follow-up 1 and follow-up 2 in the
intervention group. In contrast, there was a statistically significant difference in these scores
between baseline and follow-up 2 in the control group (p < 0.001). Also, there was a

Intervention group Control group
(n = 33) (n = 33)

Characteristics Mean SD Mean SD p-value

Age (years) 65.03 477 63.79 4.34 0.273
Table 1. n % n %
Comparison of the 7.0 14 424 16 485 0621
sociodemOBraphic  yarried and living together 27 818 23 69.7 0.180
characteristics .
between the Bachelor degre{a or higher 16 485 11 333 0.277
intervention and Have chronic diseases 18 545 13 394 0.218
control groups at Note(s): *Significant at p < 0.05, used Chi-square test
baseline Abbreviation: SD, standard deviation

Mean (Standard deviation)
Intervention Control

Table 2. Scores 7 (33) 7 (33) p-value
Mean scores of Knowledge 361 (262 3.84 (324 0593
ﬁgg‘glr‘;dc%‘z 2tude e ¢ 1277 Es 48; 925 24.363 0.002*
Smartphones usage by Practice 13.03 (3.20) 12.12 (4.04) 0.314
the study group at Eh};{lsmal health 16.94 (13.5) 14.31 (11.4) 0.407

I1S

baseline (independent

T-test)

Note(s): *Significant at p-value < 0.05, used independent 7-test
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statistically significant difference between follow-up 1 and follow-up 2 in this group
(» = 0.039). At follow-up 1, statistically significant differences were detected between
the intervention and control groups in the practice score regarding the usage of
mobile communication devices and applications and the score of the effects of
usage (p < 0.001).

There were no statistically significant differences between the intervention and control
groups in the physical health effect from mobile communication device usage scores between
baseline, follow-up 1 and follow-up 2.

Discussion

After the intervention program for four weeks (follow-up 1), the knowledge scores in the
intervention group were higher than in the control group at follow-up 1. Both the
intervention and control groups used a weekly checklist to report their behavior in terms of
device usage during the previous week. Furthermore, both groups had access to
recommendations for the appropriate usage of mobile communication devices and
applications to reduce the adverse effects on health effects in the “suggestions for
practice” menu. Therefore, it may be that the participants in both groups increased their
knowledge after installing and using the HEPI application. Similarly, a survey conducted in
the USA showed that the majority of healthcare professionals (86.0%) believed that the use
of health-related applications would increase the knowledge of their patients [14]. In the
intervention group, the HEPI application provided daily reminder messages that are similar
to SMS texts that were effective in promoting exercise among elderly individuals, but it was
not maintained when the SMS text messaging was discontinued [15]. From the result of a
previous study, it can be assumed that for the effectiveness of the HEPI application in the
intervention group a booster may be required. This finding was similar to those reported in
previous studies showing that the Text4baby program increased the knowledge of users
regarding prenatal care. Exposure to the text messages of the Text4baby program was
associated with changes in beliefs [16].

The increased knowledge score observed in both groups resulted in an increase in the
attitude score. The lack of random sampling and the difference of the attitude at baseline might
be a reason that the attitude in the control group increased from baseline to follow-up 1 and
follow-up 2. Moreover, previous studies showed that knowledge is a structural property of
attitudes, showing a link between the number of beliefs and the attitude in memory [17]. The
quality of knowledge also influenced the attitude. Moreover, the extent and complexity of
knowledge were likely to be positively correlated with the attitude [18]. Three months after
discontinuation of the daily reminder messages and weekly checklist, the participants in the
intervention group were less motivated, resulting in a slight reduction in the attitude score. The
observed increases in the attitude score in the control group from baseline to follow-up 1, and
from follow-up 1 to follow-up 2 may be the result of content contamination from other sources.
The attitude in the intervention group was significantly improved compared with that reported
in the control group at follow-up 1. It is reasonable that individuals in the intervention group
receiving daily reminder messages were more motivated. Additionally, the attitude may be
affected by the knowledge score [17]. This finding is consistent with those of a previous study
showing that the use of a physical activity application in the previous six months resulted in
various changes (i.e. attitude, belief, perception and motivation) related to physical activity [19].

In the intervention group, the practice scores were markedly increased from baseline to
follow-up 1 and decreased at follow-up 2. A study suggested that knowledge and attitude
affect behavior change [20]. Moreover, the HEPI application was based on the Health Belief
Model. The participants exhibited perceived susceptibility following the independent health
risk assessment performed using the HEPA application. Perceived susceptibility was



positively associated with improvement in practice. Therefore, the participants had higher
practice scores. Moreover, the HEPI may play a role as external cues, respectively, which
relate individual performance to the target behavior. Reminders and suggestion strategies
may be employed as external assistance in achieving the target behavior [21]. mHealth
applications may help the users to self-monitor and motivate themselves to improve their
lifestyle in the short and long term [22]. Additionally, mHealth applications have the potential
to overwhelm devotion issues by relating with the user with great frequency and as they are
executing the behavior. Behavioral change interventions executed through health
applications minimize the requirement for face-to-face interactions and thus increase cost-
effectiveness through pervasive and permanent accessibility [23]. Usage of a physical activity
application showed effects of the behavior change theory or mechanisms of change. The
results showed an association between self-reported physical activity and behavior [19].

The physical health risk in the intervention group was similar to that of the control group.
Of note, lower physical health scores indicated lower health risk. The behavior of the
participants improved in both the intervention and control groups. Good practices have been
associated with positive health [24]. Previous studies reported that a diabetes management
application (WellDoc) provided reminders to users through SMS text messages for
monitoring and recording the blood sugar levels of the user. This approach resulted in a
significant reduction in the levels of glycated hemoglobin [25]. Another mHealth intervention
(MORE Energy) was successful in reducing self-reported fatigue and improving sleep quality
and health behavior [26].

A limitation of this study is that symptoms related to the usage of mobile communication
devices and applications were self-reported without physical examinations or clinical
interviews. In addition, the HEPI application was designed only for Android devices, and this
study recruited only elderly users who used Android devices. Short-term follow-up and a lack
of no intervention arm might be another limitation. Further studies may assess objective
health effects. Also, the intervention should last for a longer time or have a booster.

Conclusions

The use of the HEPI application with or without reminder messages was effective among the
participants. The HEPI application with reminder messages was effective in improving the
knowledge, attitude and practice scores, as well as reducing the physical health risks after
four weeks of intervention. However, after this point, additional intervention may be required.
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