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Introduction: Pressure ulcers are a significant health concern. In today's 
tech era, mobile health applications offer real-time data, efficient scheduling, 
and automation, leading to cost-effective care and improved patient 
satisfaction. This study aimed to assess the feasibility of a novel preventive 
mobile health application named "PressureUlcerAdvisor," targeted at 
informal caregivers of outpatients at risk of developing pressure ulcers. 

Material and Methods: In this rigorous quasi-experimental study, 23 
informal caregivers were assigned to the intervention group and 22 to the 
control group (n=45). Feasibility was assessed by considering app utility, 
ease of use, knowledge gaps in prevention, pressure ulcer rates, and 
caregivers' self-efficacy. Data was collected at baseline, two, and four months 
and analyzed using a combination of descriptive statistics and inferential 
analysis, ensuring the reliability and validity of the findings. 

Results: The study found a significant improvement in the prevention 
knowledge (p=0.040) and patient support efficacy (p=0.049) between the 
control and intervention groups. The control group did not show any 
progress, while the intervention group did. Notably, the initial acceptance of 
the app, though low, showed a promising upward trend, improving 
significantly after four months (p=0.010). Additionally, after four months, 
perceived usefulness was positively associated with patient support efficacy 
(r=0.40, p=0.05) despite the perceived ease of use remaining steady. 

Conclusion: This investigation suggests that the innovative preventative 
mobile health application, 'PressureUlcerAdvisor,' can be a game-changer 
for caregivers. It is well-received among caregivers caring for outpatients at 
risk of developing pressure ulcers. The study's positive outcomes, including 
a significant improvement in prevention knowledge and patient support 
efficacy, hint at the potential of this application to significantly aid 
caregivers' efforts in pressure ulcer prevention, empowering them with 
knowledge and tools to provide better care. 
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INTRODUCTION 

Pressure ulcers (PUs) entail a significant global 
challenge that health systems must address. In 
particular, the estimated prevalence of PUs in Cyprus 
is 8.79% [1], comparable to the European rate of 
10.8% [2]. The consequences of PUs can be severe, 
including prolonged hospital stays, readmissions, 
and increased mortality rates [3]. Furthermore, PUs 
are estimated to consume up to 4% of the annual 
healthcare budget in Europe [4]. According to a study 
[5], most PUs are preventable with the right 
interventions; therefore, the prevention and 

management of PUs is a crucial healthcare priority 
requiring continued research and attention.  

Through mobile health applications (mHealth apps), 
mobile technology has empowered users to manage, 
monitor, and detect diseases [6], increasing the 
acceptance and development of mHealth apps in the 
global market over the last decade [7]. According to a 
study [8], many mHealth apps offer features that have 
been proven to reduce workload, thereby increasing 
the well-being of informal caregivers. The term 
"informal caregiver" (IC) in the current study defines 
an unpaid individual (such as a spouse, partner, 
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family member, acquaintance, or neighbour) who 
assists dependent individuals [9]. In most countries, 
ICs provide care for older people [10]. In contrast, in 
the United States, the most frequent reasons for 
requiring care from ICs are related primarily to aging, 
followed by cases of dementia, and thirdly, to 
situations requiring surgical procedures or the 
presence of incisions or Pus [11]. Moreover, the home 
environment is deemed the preferred place for care 
for individuals with PUs most of the time [12, 13], 
with the IC assuming a significant role in the care of 
PUs [14]. As prevention is the essential quality 
measure in care [15] and ICs cannot detect early 
indications of a PU timely at home [16], evidence-
based research on interventions supporting ICs in 
such matters is therefore necessary. However, there 
is a significant research gap in both national and 
international literature, as only one study has been 
found that examined such an intervention in a 
specific population [17]. A similar example is 
provided by a study [18], which, despite involving ICs 
in using a mHealth application cantered on PU, 
involved nurses as part of its investigated population. 
On the other hand, another study [19], whose 
population concerned ICs, dealt with the mHealth app 
for supporting patients with heart failure instead of 
PUs. 

This study examines the hypothesis that the novel 
preventative mHealth app will be feasible and 
effective in preventing PUs among ICs of at-risk 
outpatients. A quasi-experimental, parallel-group 
design with an equal allocation ratio 1:1 between the 
intervention and control groups was used to test the 
hypothesis. Following a thorough literature review 
and expert consultations at various levels, 
comprehensive information about the study's 
objectives has been gathered, examined, and 
synthesized to facilitate its successful 
implementation. The specific information has been 
carefully tailored to ensure its suitability for the 
study's intended purpose. 

MATERIAL AND METHODS 

Study settings and design 

The study's data collection was conducted in the 
Republic of Cyprus using an electronic questionnaire 
between October 2021 and December 2022. The 
study sample consisted of ICs who provide care or 
support to patients at risk of developing PUs in a 
community setting.  

Eligibility criteria 

The participation requirements for this study are as 
follows: The primary adult IC (as defined by Schulz 
and Tompkins [9]) must provide care or support to 
an outpatient at risk of developing PUs. Their score 
on the Braden scale determines the level of risk for 

PUs (they are considered to be at moderate to severe 
risk if their score is 18 or less). The IC must be 
between 18 and 74 years old and be interested in 
participating in the study. Furthermore, the IC should 
speak Greek to ensure they can comprehend the 
intervention instructions and complete the 
questionnaire. Participants must also own an 
Android or iOS mobile device to access the study 
mHealth app. Finally, it is required that the patient 
being cared for by the IC should not have been 
bedridden for more than four months at the time of 
recruitment.  

Intervention group 

In a previous study, the mHealth app 
"PressureUlcerAdvisor" was introduced to enhance 
care quality through integrated clinical support. Built 
on the behavioral intervention technology model 
[20], the app has three core features. Firstly, it 
provides a customizable position change reminder, 
ensuring timely patient mobilization, with alerts that 
only stop upon user confirmation. Secondly, it 
educates on prevalent PU development points, 
offering written guidelines for ICs and multimedia 
content for proper patient repositioning; essential PU 
areas are distinctly marked on a body sketch for 
focused interventions (Fig 1). Lastly, the app includes 
a PU risk assessment tool based on the Braden scale 
[21], advising the need for specific support surfaces 
such as air mattresses. This app represents a synergy 
of research and technology to refine care practices. 

 

Fig 1: Image of the APP 

Control group 

The information booklet administered to the control 
group consists of the printed version of the mHealth 
app's bibliographic content. Additionally, a diary can 
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be used to remind the patient of repositioning. At the 
same time, the Braden scale is also explained in 
printed form, allowing the IC to apply it manually and 
assess the need for support surfaces. 

Outcome measures 

The definitive questionnaire, a self-administered 
electronic format with 52 questions, incorporates 
three validated scales (FCAT®, ΤΑΜ, and BRADEN) 
and a new scale developed for this study. Expert 
consultation ensured its feasibility for the targeted 
population. 

The questionnaire commences with eleven 
sociodemographic queries about ICs and five related 
to patient profiles, notably addressing the presence of 
PUs and non-blanchable erythema (NBE). These 
specifics facilitate a comprehensive demographic 
analysis and elucidate factors potentially influencing 
outcomes. Comparisons between baseline and 
subsequent counts of PUs and NBE provide insight 
into progression. According to 
NPUAP/EPUAP/PPPIA [2], PUs originate from 
extended pressure, frequently due to immobility or 
medical devices. NBE indicates initial tissue damage, 
which may culminate in Stage 1 PUs. 

ICs use the Braden Scale to determine patients' PU 
risk during admission. Based on braden scale results, 
patients are categorized as mild to moderate risk (13-
18) or high to severe risk (6-12). This classification 
stems from six sub-scales of the Braden Scale, each 
rated 1 to 4, with lower scores indicating higher risk 
[21]. 

The mHealth app's acceptance was gauged using the 
technology acceptance model (TAM), devised by 
Davis (1989). The questionnaire assesses two sub-
scales: perceived utility, reflecting a user's belief that 
the technology improves performance, and perceived 
ease of use, indicating how effortlessly one believes 
the technology can be utilized. Scores range from 0 to 
100, with higher scores suggesting more excellent 
utility and ease [22]. 

The family caregiver activation in transitions (FCAT) 
scale gauges ICs' organizational and supportive 
effectiveness in caregiving. It has ten Likert scale 
questions, with scores ranging from 6 to 60. Higher 
scores suggest better organization and adequate 
patient support, encompassing medication 
management and medical information access [23]. 

The knowledge levels regarding preventative 
measures (KLRPM) for PUs were gauged using a 
study-specific scale. Existing tools had limitations, 
prompting the creation of this scale, inspired by Tan 
et al. [24] and expert consultations. It evaluates PU 
prevention knowledge in three areas: reducing 
pressure, managing shear/friction forces, and skin 
moisture. Scores range from 0 to 10, with higher 
scores denoting greater KLRPM. 

Pilot study  

Pilot research was deemed necessary to evaluate the 
mHealth app's appropriateness, relevance, and 
practicability, as well as the validity and reliability of 
the final Greek questionnaire. 

A pilot test was conducted after following all 
necessary steps (forward translation, synthesis, 
backward translation, expert review) to ensure that 
the translated questionnaire is culturally appropriate 
and accurately measures the intended constructs in 
the target population. A convenient sampling of 
participants was made through contact with ICs 
receiving home healthcare services between 
September 2021 and October 2021. The inclusion 
criteria for the pilot phase, which involved 15 
participants, were identical to the admission criteria 
outlined in the preceding chapter. The pilot test 
results indicate an acceptable level of reliability 
among the foreign-language scales adopted for this 
study, suggesting that the translated questionnaire 
consistently measures the same constructs as the 
original versions. Specifically, Cronbach's alpha 
internal consistency for the FCAT scale was 0.90, 
indicating excellent reliability, while the internal 
consistency for the TAM subscales of perceived utility 
and perceived ease of use were 0.75 and 0.73, 
respectively, indicating acceptable reliability. For the 
braden scale, Cronbach's alpha internal consistency 
was 0.7, indicating acceptable reliability [25]. 
Regarding the specially designed scale for assessing 
KLRPM, internal consistency reliability was found 
acceptable (Cronbach's alpha=0.78), while content 
validity was evaluated by experts’ opinions [26]. 
Construct validity was tested using correlation 
analysis, and the results demonstrated significant 
correlations, indicating acceptable construct validity 
[27]. 

A previous study presented the results of the 
mHealth app validation. The validation process 
consists of two phases. In the first phase, nine [9] 
experts evaluated the content validity; in the second 
phase, fifteen [15] ICs assessed the face validity.  

In summary, the results regarding the content 
validity of the mHealth app were evaluated by the 
participating experts in the study. The experts rated 
the content superior, while the technological validity 
was adequate [28]. Notwithstanding, the analyses' 
findings and the participants' voluntary feedback 
were duly considered. As a result, in some instances, 
the mHealth app data was subjected to review 
through consultations with the research team. For 
example, the input of wound specialists indicated that 
incorporating additional summaries or reviews into 
the mHealth app could be beneficial. Concerning the 
face validity, the IC participants deemed the clarity 
validity acceptable. Moreover, the participants 
expressed a strong inclination to accept the mHealth 
app on both scales of ease of use and utility. 
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Participant allocation and follow-up 

The sample size was attained through organized 
private and philanthropic organizations that provide 
home healthcare services. Participants were 
informed about the study through pamphlets, and 
those interested accessed an electronic link or 
scanned a QR code to get detailed information. 
Prospective participants completed a questionnaire 
to determine eligibility. Once eligible, ICs were 
randomly assigned to the intervention or control 
group based on their order of entry. Following the 
initial questionnaire, they received either the 
mHealth app (intervention) or an informational PDF 
(control). Interaction ensured their understanding 
and engagement. 

Both groups were assessed three times over four 
months: at the start (baseline), two months in, and at 
the end (four months). While both groups received 
similar assessments, the control group, benefiting 
only from Cyprus' traditional health interventions 
and a study-provided booklet, didn't undertake the 
TAM scale evaluation. 

Sample size calculation 

The power analysis for the current study was carried 
out using a design with three levels of comparisons 
over time (analysis of variance for repeated 
measures) and two levels of comparisons between 
two groups (intervention and control). Both 
comparisons between two groups at the same time 
point and between three-time points within the same 
group were subjected to power analyses. To achieve 
90% power with an effect size of 0.40 for the 
comparison between groups in this design, 95% 
power with an effect size of 0.25 for the comparison 
between two-time points, and 95% power with an 
effect size of 0.25 for controlling the interaction term, 
46 participants (23 in each group) are needed. 

Statistical analysis 

The Kolmogorov-Smirnov test was used to examine 
the normality of the distributions of quantitative 
variables. The mean and standard deviation (SD) 
were used to describe those with a normal 
distribution. In contrast, the median and interquartile 
range were used to describe those not following a 
normal distribution. Categorical variables were 
characterized using absolute frequencies (N) and 
relative frequencies (%). Pearson's chi-square test or 
Fisher's exact test were used to compare proportions 
when necessary. 

The paired t-test was used to compare the TAM scale 
measurements between the two-time points, and the 
Wilcoxon signed-rank test was utilized to compare 
the frequency of mHealth app usage between the time 
points. In addition, the incidence rates of PUs and 
NBEs were compared between the measurements 

using the McNemar test. To compare quantitative 
variables between the two groups, the Student's t-
test was applied. Repeated measures analysis of 
variance (ANOVA) was used to examine differences 
in the FCAT and KLRPM scales between groups and 
over time. The possible degree of change in the scales 
over time between the two groups was also estimated 
using the method described above. The Bonferroni 
correction was applied to control for Type I error 
resulting from multiple comparisons, and the 
significance level was set to 0.05/k (k=several 
comparisons). The variation in the incidence rate of 
PUs and NBEs throughout the follow-up period was 
analyzed using linear mixed models, from which 
dependency coefficients (β) and their standard 
errors (SE) were derived. Due to the asymmetry of 
their distributions, logarithmic transformations were 
used for this analysis. The correlation between the 
FCAT, TAM, and KLRPM scales and the incidence rate 
of PUs and NBEs was also evaluated using mixed 
linear models. The Pearson correlation coefficient (r) 
was utilized to investigate the relationship between 
the scales over time. The questionnaires' internal 
consistency was evaluated using Cronbach's alpha 
coefficient. Two-tailed significance levels were 
applied, and the level of statistical significance was 
set at 0.05. For the analysis, the statistical software 
package SPSS 26.0 was utilized. 

RESULTS 

Participant withdrawal was recorded at a rate of 
15.1%, decreasing the final number of participants. 
Nonetheless, this is a common occurrence in research 
studies. During power analysis, the reduction in the 
final sample size was accounted for to ensure the 
generalizability of the results. The final sample 
consisted of 45 ICs (native Greek speakers), with 23 
(51.1%) in the intervention group and 22 (48.9%) in 
the control group. Most ICs in both groups were 
female, with 68.2% in the control group and 87.0% in 
the intervention group. In the control group, the 
average age of ICs was 40.3 years (SD=10.6 years); in 
the intervention group, the average age was 37.1 
years (SD=9.9 years). The majority of ICs in the 
control group (31.8%) were unmarried, while 43.5% 
of ICs in the intervention group were cohabiting. In 
addition, the majority of IC patients in both groups 
were male. Most ICs in both groups had been caring 
for their patients for three to four months. 

The ICs in the intervention group had a significantly 
higher level of education (p=0.013) and spent less 
time caring for their patients than the ICs in the 
control group (p=0.047). Moreover, their marital 
status (p=0.036) and their relationship with the 
patient (p=0.046) differed significantly between the 
two groups. Specifically, a higher percentage of the 
ICs in the intervention group cohabited with the 
patient, and a lower percentage consisted of patient 
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offspring. 

The scores on the Braden scale (risk levels of 
developing PUs) significantly differed between the 
two groups, with the control group scoring higher 
risk levels. 

Acceptance of the App 

The scores from the 'perceived utility' and 'perceived 
ease of use' subscales of the TAM for the intervention 
group of ICs at both 2 and 4 months serve as 
indicators of mHealth app acceptance. These 
subscales' internal consistency was 0.79 and 0.70, 
respectively, indicating acceptable reliability. At four 
months of follow-up, the "perceived utility" subscale 
score increased significantly, indicating increased 
levels (p=0.010). In contrast, the "perceived ease of 
use" subscale score did not change significantly 
between 2 and 4 months. Regarding the frequency of 
app usage by ICs in the two-month intervention 
group, 41.7% of ICs in the intervention group utilized 
the app daily. At four months, the frequency of use 
decreased significantly, with 39.1% of ICs in the 

intervention group using it infrequently. 

Occurrence of pressure ulcers 

The prevalence of PUs did not differ significantly 
between the two groups at any time measurement, 
nor did the rate of change in the number of PUs over 
time (β=-0.06, SE=0.04, p=0.105) in either group. 
NBE prevalence also did not differ significantly 
between the two groups at any time measurement. 
However, the rate of change in the number of NBEs 
over time differed significantly between the two 
groups (β=0.09, SE=0.11, p=0.024). In the control 
group, the number of NBEs at four months tended to 
be greater than at two months (β=0.20, SE=0.12, 
p=0.082) and was significantly greater than at 
baseline (β=0.22, SE=0.12, p=0.050) over time. In 
contrast, the number of NBEs in the intervention 
group decreased at two months compared to baseline 
(β=-0.07, SE=0.04, p=0.078). In contrast, the number 
of NBEs at four months did not significantly differ 
from baseline or two months. Table 1 illustrates the 
variations in the incidence of non-blanchable 
erythema across diverse groups. 

Table 1: Distinguishing variances in the occurrence of non-blanchable erythema among different groups 

Group 

The patient has non-blanchable erythema, as indicated in the 
previous response. Pa Initial 

versus 2 
months 

Pa 4 months 
versus 2 
months 

Pa Initial 
versus 4 
months 

Pb Baseline 2 months 4 months 

Mean 
(SD) 

Medianc 
Mean 
(SD) 

Medianc 
Mean 
(SD) 

Medianc 

Control 
0.77 

(0.75) 
1 (0-1) 

0.86 
(0.94) 

1 (0-1) 
1.5 

(1.79) 
1 (0-3) 0.138 0.082 0.050 

0.024 
Intervention 

0.87 
(0.55) 

1 (1-1) 
0.74 

(0.45) 
1 (0-1) 

1.22 
(1.24) 

1 (0-2) 0.078 0.108 0.369 

P control versus 
intervention 

0.418 0.981 0.767     

Note: a= p-value for comparisons between time measurements after Bonferroni correction, b= p-value from repeated ANOVA measurements, c= intermediate 
range. (The analysis was performed using logarithmic transformations and concerned those who had erythema per time measurement) 

Preparation and Confidence  

The FCAT scale scores represent the preparation and 
confidence levels of ICs. The Cronbach's alpha 
coefficient of reliability was 0.78, indicating 
acceptable questionnaire reliability.  

There were no statistically significant differences 
between the two groups at any time measurement. 
The control groups organizational and adequate care 
levels did not change significantly during the 
monitoring period. On the contrary, the initial score 
in the intervention group was significantly lower 
than the 2-month and 4-month measurements. 

The interaction effect between the two groups varied 
significantly. In the intervention group, an increase 
was observed, while the control group experienced 
no significant change. 

Knowledge of Prevention Measures 

The KLRPM scale had a reliability of Cronbach's alpha 
of 0.73. At four months, the intervention group's 
KLRPM score was significantly higher than the 
control group. The intervention group's knowledge 
score rose over time, while the control group 
increased only after four months. The increase in the 
intervention group was significantly more 
pronounced than in the control group. Fig 2 depicts 
the change in scale score by group. 
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Fig 2: Change of KLRPM score between groups 

 

Table 2 displays KLRPM score changes based on the 
intervention group ICs' demographics. There was a 
notable increase in scores at four months for all 
participants. ICs with postgraduate diplomas had 
significantly higher 4-month scores than those with 
lower educational levels. ICs in households of 1-3 
members also scored higher at four months 
compared to those in 3-5 member households. ICs 
caring for patients for three months had better scores 
at two months than those caring for one month. 

Table 2: Changes in KLRPM score according to IC characteristics (intervention group) 

  

KLRPM score 
Pb Initial 

versus 2 m 
Pb 4 m 

versus 2 m 
Pb Initial 

versus 4 m 
Pc Originally 2 m 4 m 

Mean (SD) Mean (SD) Mean (SD) 

Age 
  

<=33 5.58 (2.35) 7 (1.54) 9.08 (0.79) 0.126 0.001 0.001 0.838 

>33 5.91 (3.05) 6.82 (1.89) 9.36 (0.92) 0.593 <0.001 0.001  

Pa 0.776 0.802 0.443     

Health care 
member in the 
family 

No 5.38 (2.84) 6.62 (2.06) 9.31 (0.85) 0.195 <0.001 <0.001 0.466 

Yes 6.2 (2.44) 7.3 (0.95) 9.1 (0.88) 0.426 0.005 0.008  

Pa 0.477 0.343 0.574     

I managed a PU 
in the past 

No 5.4 (3.57) 6.8 (1.48) 9.2 (0.79) 0.194 <0.001 0.001 0.773 

Yes 6 (1.78) 7 (1.87) 9.23 (0.93) 0.382 <0.001 0.001  

Pa 0.620 0.784 0.934     

Educational 
background 

Diploma/ 
Degree 

4.88 (3.18) 6 (0.93) 8.25 (0.46) 0.533 0.003 0.007 0.987 

Master 6.2 (2.31) 7.4 (1.8) 9.73 (0.46) 0.163 <0.001 <0.001  

Pa 0.263 0.054 <0.001     

Married - 
Symbiosis 

No 5.9 (2.6) 6.8 (2.3) 9.6 (0.7) 0.670 <0.001 0.001 0.651 

Yes 5.62 (2.79) 7 (1.08) 8.92 (0.86) 0.117 0.001 0.001  

Pa 0.805 0.784 0.056     

Patient's child 

No 5.83 (2.44) 6.75 (2.09) 9.42 (0.79) 0.526 <0.001 0.001 0.652 

Yes 5.64 (2.98) 7.09 (1.14) 9 (0.89) 0.135 0.002 0.002  

Pa 0.863 0.637 0.250     

Household 
occupancy 

1-3 
members 

6.13 (1.96) 7.25 (2.38) 9.88 (0.35) 0.533 0.001 0.003 0.867 

3-5 
members 

5.53 (3) 6.73 (1.22) 8.87 (0.83) 0.163 <0.001 <0.001  

Pa 0.621 0.494 0.004     

Duration of 
caregiving 
responsibilities 

1 month 4.5 (3.39) 5.5 (1.22) 9 (0.89) 0.884 <0.001 0.001 0.256 

3 months 6.18 (2.3) 7.41 (1.54) 9.29 (0.85) 0.109 <0.001 <0.001  

Pa 0.189 0.013 0.479     

Frequency of 
nursing visits 

Don't 
receive 

5.36 (3.04) 6.64 (2.25) 9.45 (0.82) 0.234 <0.001 <0.001 0.383 

Monthly/ 
Weekly 

6.08 (2.31) 7.17 (0.94) 9 (0.85) 0.344 0.002 0.003  

Pa 0.528 0.461 0.208     

Note: m = months, a = p-value for comparisons between, b = p-value groups for comparisons between time measurements after Bonferroni correction, and c = p-value from 
repeated ANOVA measurements. 

To examine the relationship between the TAM, FCAT, 
and KLRPM and the PUs incidence rates, mixed linear 
models were used, with the PUs incidence rates 
serving as the independent variable and the TAM, 
FCAT, and KLRPM serving as the dependent 
variables. The dependency coefficients for the PU 
incidence rates are derived from the mixed linear 
models. The PU incidence rates were significantly 
associated with the FCAT score in the control group. 
Specifically, the level of organization and 
effectiveness in patient support decreased as the 
number of PUs a patient had increased (β=-0.84, 
SE=0.33, p=0.011). The intervention group had a 

significant relationship between the PU incidence 
rates and the perceived utility scale. Specifically, the 
perceived utility of the application was more 
excellent according to the ICs of the intervention 
group as the number of PUs on a patient increased 
(β=4.94, SE=1.49, p=0.001). 

Table 3 illustrates the Pearson correlation 
coefficients between the TAM, FCAT, and KLRPM 
scales at the 4-month follow-up per group. At four 
months, there was no correlation between the FCAT 
and KLRPM scales in the control group, while in the 
intervention group, at four months, higher levels of 
organization and effectiveness were significantly 
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associated with greater perceived ease of use (r=0.40, 
p=0.05). 

Table 3: Correlation of TAM, FCAT, and KLRPM scales by 
group in 4 months follow-up 

 Control Group 
Intervention 
Group 

Scales ra P ra P 
FCAT - KLRPM 0.35 0.111 0.22 0.317 
FCAT - Perceived utility - - 0.24 0.275 
FCAT - Perceived ease of 
use 

- - 0.40 0.050 

KLRPM - Perceived utility - - -0.10 0.646 
KLRPM - Perceived ease of 
use 

- - -0.12 0.594 

Note: a=Pearson's correlation coefficient. 

DISCUSSION  

This study aims to evaluate the feasibility of a novel 
preventative mHealth app among ICs of patients at 
risk of developing PUs within the community setting. 
Comparisons were made between participants who 
received instructions to use the mHealth app and 
those who received a relevant informational booklet 
regarding a) knowledge level of prevention 
measures, b) PU incidence rates, and c) organization 
and effectiveness of patient support. Additional 
dimensions related to the acceptance of the mHealth 
app (perceived utility and ease of use) are also 
investigated. All scales utilized in the study's 
questionnaire exhibited adequate internal 
consistency. 

The results of this research contribute significantly to 
the ongoing discussions in the academic literature 
about the efficacy of different instructional methods 
in promoting preventive behaviors related to PUs. In 
the conclusion drawn from our study, we found that 
ICs who were directed to utilize the mHealth app 
displayed considerably higher levels of knowledge 
regarding preventive measures compared to their 
counterparts who were given an informational 
booklet. While there were no notable differences 
between the two groups observed at the 2-month 
interval, at the 4-month mark of utilizing the mHealth 
app, the intervention group demonstrated a 
significant increase in their KLRPM scores. Previous 
studies [19, 29] highlighting the potential of mHealth 
apps to foster health behaviors, including preventive 
behaviors, have corroborated this data. Our findings 
also align with the conclusions of another study [17], 
which investigated a similar mHealth app within the 
same demographic. Specifically, after 2 and 6 weeks 
of follow-up, they concluded that the participants' 
knowledge base had increased and confirmed the 
application's information's quality as beneficial. 

Utilizing mHealth apps can provide ICs with a 
practical resource for acquiring and incorporating 
preventive behaviors into their caregiving routines. 
Research [30] suggests this may be due to the user-

friendly and interactive nature of such mHealth apps. 
This study's application was designed to provide ICs 
with step-by-step instructions, reminders, and 
feedback regarding the risk of PU development. This 
could enhance their engagement and motivation to 
engage in preventive behaviors. In contrast, although 
the instructional booklet contains pertinent 
information, it may have been less engaging and 
lacked interactive elements that could have enhanced 
ICs' learning and adherence to preventive behaviors. 
This suggests that the mode of instruction can 
significantly promote behavior change, and mHealth 
apps may offer significant benefits. Another study 
[31] analyzed the factors influencing ICs' intent to 
integrate mHealth applications into routine duties. 
Important determinants included ICs' app-use skills, 
the app's ability to meet their needs, ICs' control over 
responsibilities, and care recipient decisions. These 
factors predicted the likelihood that ICs would adopt 
mHealth apps for caregiving. Therefore, future 
interventions must consider the preferences and 
characteristics of the target population to optimize 
their effectiveness. Features such as educational level 
and family size should not be overlooked, given the 
present study's findings and results from similar 
research [19, 32]. For instance, the current study's 
knowledge scores regarding preventive measures 
among ICs with postgraduate degrees were 
significantly higher than those with diplomas or 
degrees over a 4-month observation period. 
Similarly, at the 4-month follow-up mark, ICs with 1-
3 household members had significantly higher scores 
than ICs with 3-5 members. 

The results of the current study also indicate that 
using a PU prevention mHealth app can lead to higher 
levels of organization and effectiveness in patient 
support compared to ICs who receive traditional 
instruction booklets. The degree of change in the 
levels of organization and effectiveness of patient 
support on the FCAT scale significantly differed 
between the two groups, as there was an increase in 
the intervention group. At the same time, there was 
no significant change in the control group. 
Concerning the control group, it appears that the 
levels of organization and effectiveness in patient 
support were negatively affected by the number of 
NBEs. Specifically, as the number of NBEs increased, 
the level of organization and effectiveness decreased 
(β=-0.84, SE=0.33, p=0.011). Therefore, the 
preceding highlights the significance of considering 
these factors when designing and implementing 
efficient mHealth interventions. 

Our findings indicate that the ICs' acceptance of the 
mHealth app was relatively low. A similar study using 
the TAM scale for evaluating health technologies [33] 
also reached the same conclusion regarding low 
acceptance. On the contrary, another study [17] 
revealed that the ICs discovered high app usability 
and acceptance levels. At four months, however, the 
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score on the "perceived utility" subscale of the TAM 
scale increased significantly, indicating an increase in 
perceived utility. In contrast, the "perceived ease of 
use" subscale score did not change substantially over 
time. Nonetheless, after four months of monitoring, it 
was discovered that the organization and 
effectiveness of patient support positively influenced 
the perceived ease of use (r=0.40, p=0.05). 

Regardless of measurement time, the rate of change 
in the number of PUs was similar in both groups. 
Nonetheless, the number of NBEs differed between 
the two groups, with a significant decrease in the 
intervention group. However, these findings should 
be interpreted cautiously because this difference was 
only observed in the 2-month relationship compared 
to the initial number (baseline). For instance, at two 
months, most ICs in the intervention group were 
using the mHealth app daily, whereas, at four months, 
the usage frequency decreased significantly, with 2/5 
ICs using it infrequently, which could potentially 
influence the results. Additionally, since there are 
significant differences between the two groups on the 
Braden scale, with the control group having a higher 
risk level, the risk of PU development may impact the 
results. According to a study [34], quasi-experimental 
studies may be susceptible to exogenous (external) 
factors beyond the researchers' control. The same 
researchers also note that the absence of sample 
stratification may result in heterogeneity among 
comparison groups. Most ICs in the control group 
were unmarried (35%). In contrast, most ICs in the 
intervention group were cohabiting (43.5%), with 
significant differences in marital status (a higher 
percentage of cohabitation in the intervention 
group). There was also a substantial difference in the 
IC's relationship with the patient between the groups, 
as the control group consisted primarily of the 
patient's offspring. Even though the intervention 
group's ICs had a significantly higher educational 
level and provided care for their patients for a shorter 
duration than the control group's ICs, there are 
similarities in specific IC characteristics between the 
groups. During their inclusion in the study, most ICs 
in both groups provided home care for their patients 
for 3 to 4 months, with a slightly younger median age 
in the intervention group (37.1 years) than the 
control group (40.3). WHO reports that the majority 
of ICs in the majority of countries are female [10]. 

Our findings highlight several obstacles and 
restrictions regarding ICs' acceptance of technology. 
For instance, age appears to be a significant factor, as 
those younger than 33 reported a more excellent 
perceived utility of the mHealth app (p=0.003). 
Younger age groups frequently develop high 
technological knowledge and skills due to their 
continuous exposure to technology [35]. This may 
challenge older ICs that have not kept up with 
technological advancements. Other determinants 
identified included the presence of a healthcare 

professional within the patient's family, IC's 
historical engagement with PU management, and the 
number of PUs the patient was dealing with. For 
example, among intervention group ICs, the 
perceived utility of the mHealth app tended to 
increase with the number of PUs (β=4.94, SE=1.49, 
p=0.001). Providing additional training to ICs, 
especially those with limited tech skills, is crucial for 
increasing acceptance and effective use of mHealth 
apps. This has policy implications, which may require 
the mandate of basic practice training, as healthcare 
organizations should consider specialized training 
programs for these individuals. 

CONCLUSION  

The present study validates using the specific 
mHealth app by ICs in the community as a preventive 
measure against PUs. The mHealth apps could be a 
promising tool for encouraging ICs to engage in 
preventive behaviors, with potential implications for 
improving patient health and ICs' well-being. The 
study has important implications for healthcare 
professionals and policymakers involved in IC 
support programs, as mHealth apps can improve ICs' 
knowledge, skills, and motivation to participate in 
preventive behaviors. Further research is needed, 
however, to investigate the long-term effects of 
mHealth apps on ICs' preventive behaviors and to 
determine the optimal design and characteristics of 
such interventions for different populations. 
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