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ABSTRACT

This study evaluated the effectiveness of the Semangat application in improving antiretroviral treatment (ART) adherence, eHealth
literacy (EHL), and human immunodeficiency virus (HIV)-related knowledge among people living with HIV in Indonesia. A quasi-
experimental study was conducted among 494 PLWH in 20 primary health centers in Jakarta, equally assigned to an intervention group
(IG) and a control group (CG). The IG used the Semangat app for 4 weeks, while the CG received standard care. Outcomes were
assessed before and after the intervention using self-administered questionnaires. Baseline characteristics and outcomes were
comparable. After the intervention, high adherence increased to 70% in the IG, compared with just over 50% in the CG (p < 0.001).
EHL improved markedly in the IG (22.77 to 24.79), with 61.1% achieving good EHL, compared with 30.8% in the CG. HIV knowledge
gains were also significantly higher in the IG (p <0.001). Nearly half rated the app’s usability as good/very good, and 60% were satisfied.
In conclusion, Semangat improves ART adherence, EHL, and HIV knowledge, supporting its value as a complement to standard HIV
care.
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experiencing a steady increase in the number of people living
with HIV (PLWH). According to the 2024 Executive Report on
the Development of HIV AIDS and Sexually Transmitted

Introduction

Globally, approximately 40 million individuals are living with
HIV, with 1.3 million new infections and 630,000 AIDS-related
deaths reported in 2024 [1]. Despite major advances in

Infections by the Indonesian Ministry of Health, an estimated
503,261 individuals were living with HIV. Among them, around
. . . . . 70% were aware of their HIV status, 62% were receiving ART,
antiretroviral therapy (ART), the epidemic continues to pose a

and only 42% of those on ART had achieved viral suppression
[3]- These indicators fall short of the UNAIDS “95-95-95”
global targets, which aim for 95% of PLWH to know their status,
95% of those diagnosed to receive ART, and 95% of those on

treatment to achieve viral suppression. In Indonesia, the highest

substantial public health challenge across many regions of the
world [1]. This global challenge is also reflected in Indonesia,
where the HIV epidemic continues to grow in both scale and
complexity. Indonesia -an archipelagic nation in Southeast Asia

with an estimated population of 281 million in 2024 [2]- is
burden of HIV cases has been observed in five provinces—East

Java, West Java, Central Java, the Special Region of Jakarta, and
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North ~ Sumatra—demonstrating the uneven geographic
Website: www japer.in E-ISSN: 2249-3379 distribution of the epidemic [3].

Given the nature of HIV as a chronic condition that necessitates

prolonged therapeutic interventions, adherence to ART is
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viral load, may also play a significant role in mitigating the
transmission rate of HIV. Nevertheless, the evidence reveals that
approximately 45% of PLWH exhibit poor adherence to
antiretroviral therapy [4]. Non-adherence to ART carries serious
individual and public-health consequences. At the individual
level, missed doses can lead to incomplete viral suppression,
resulting in virologic rebound, immune deterioration, and an
increased risk of opportunistic infections and AIDS-related
morbidity and mortality [5]. Persistent sub-optimal adherence
also facilitates the emergence of drug-resistant HIV strains,
which compromise future treatment options and increase
healthcare costs [6]. Various research findings have indicated that
adherence to antiretroviral medications is modulated by a
multitude of factors, encompassing demographic variables,
health literacy, accessibility to healthcare resources, economic
conditions, and sociocultural influences [7-9]. One significant
predictor of ART adherence is health literacy. Several studies
have revealed the considerable impact of health literacy on the
knowledge and treatment adherence of patients with HIV [10-
12]. Health literacy is characterized as the extent to which a
person possesses the capability to acquire, convey, process, and
comprehend health-related information, enabling them to make
informed health choices. Factors influencing health literacy
include reading proficiency, numeracy skills, the capacity to
understand health directives, and the ability to search for,
evaluate, and utilise health information, including digital
resources [12]. Low health literacy levels have been identified as
a silent epidemic that hinders patients' capacity to effectively
navigate the healthcare system [11].

A diverse array of strategies aimed at improving medication
adherence among PLWH has been documented [13]. The rise of
digital technology has enabled the emergence of mobile health as
a significant tool for enhancing self-management, including
treatment adherence among patients with chronic diseases. In
2023, approximately 69% of the global population owned
smartphones, reflecting a 1.6 times increase in users since 2016
[14]. In the context of Indonesia, the number of smartphone
users is projected to exceed 190 million (82%) in 2023.
Presently, Indonesia ranks as the fourth-largest smartphone
market globally, following China, India, and the United States
[15]. As individuals increasingly view smartphones as essential
items and utilise them regularly, mobile health technology
presents an effective and efficient means to involve patients in
their healthcare. Furthermore, the growing demand for mobile
health technology may lead to the creation of mobile applications
designed to assist self-management for patients with various
conditions, including HIV. Mobile applications aimed at self-
management have created opportunities for PLWH to access
more integrated and convenient healthcare. Several mobile
applications have been specifically tailored for PLWH or
particular subgroups within this population (e.g., youth,
transgender), such as Aysoo [16], Health Manager [17], Stop
HIV, HIV Dating, and WYZ [18], as well as Excellent Self
Supervised HIV Care/ESCC [19]. The features offered may vary

from one application to another. However, these applications

typically include functionalities for personal health status
monitoring, reminders, communication with healthcare
providers, connections to social networks, and health
information. Research on HIV has revealed the beneficial effects
of mobile applications that support self-management in
enhancing symptom management, medication adherence, and
engagement in HIV care [17, 20-22]. Furthermore, a systematic
review has shown that mobile applications are being utilised
more frequently to address behavioural and social challenges
faced by PLWH [23]. Another review aimed at investigating the
effectiveness and potential of mobile health (mHealth)
technologies revealed that incorporating mHealth technologies
into healthcare strategies can significantly enhance adherence to
ART among PLWH [24].

It has been justified that digital and mobile interventions for
antiretroviral adherence hold significant potential for cost-
effective delivery. Although there is substantial evidence
signifying the use of digital interventions for PLWH, there are
only a limited number of mobile applications that have been
specifically designed to meet the needs of PLWH within the
Indonesian context. The Semangat application has been
developed by the research team for PLWH in Indonesia to
facilitate integrated HIV care. Semangat is an Android-based
mobile application developed to improve self-management and
ART adherence among PLWH in Indonesia (23). The application
integrates educational, behavioral, and motivational elements. Its
key features include HIV-related educational content in simple
language, daily medication and clinic visit reminders, side-effect
logging, and tools to strengthen users’ capacity to access and
evaluate digital health information.

Technically, Semangat was developed using Java for Android and
operates through a local server with secure data transmission.
User authentication is anonymous, ensuring privacy and
confidentiality, and only non-identifiable data is stored. The
word “semangat” is literally an acronym standing for “keep up
your motivation to take antiretroviral medicines to control HIV”.
This term is occasionally used among Indonesians to motivate
individuals when facing challenges. The development of
Semangat has been described elsewhere [25]. This study aimed to
evaluate the effectiveness of the Semangat application to improve
ART adherence as the primary outcome and the secondary
outcomes (cHealth literacy/EHL, HIV-related knowledge).

Materials and Methods

Stuady design and participant

A quasi-experimental study with a pre- and post-intervention
design was conducted over three months (January—March 2025)
in sub-district public health centers (PHCs) in Jakarta, Indonesia.
Jakarta, the nation’s capital, comprises five municipalities, each
subdivided into several sub-districts. These PHCs serve as the
primary points of HIV care delivery, where monthly ART and
routine clinical consultations are provided free of charge through

the national HIV program. From each municipality, four PHCs
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reporting the highest number of people living with HIV (PLWH)
were purposively selected, resulting in a total of 20 participating
PHCs.

Participants were allocated using simple random sampling at the
PHC level, consistent with a quasi-experimental design. A quasi-
experimental design was selected because random assignment of
individual participants was not feasible within the operational
structure of PHCs. This design enables evaluation of intervention
effects in real-world conditions while preserving internal validity
through pre—post comparison [26]. Within each of Jakarta’s five
municipalities, two PHCs were randomly assigned to either the
intervention group (IG) or the control group (CG). Individual-
level randomization was not performed; instead, all eligible
participants within each selected PHC were invited to participate
according to their center’s group assignment. The sample size of
PLWH in each municipality was determined using the Slovin
formula, while the number of participants recruited from each
PHC was proportionally allocated based on the PLWH
population distribution.

Eligible participants were adults aged 18 years or older who had
received antiretroviral therapy (ART) for at least three months
before data collection, were literate in mobile phone use, and
owned an Android smartphone. Individuals who declined or later
withdrew consent were excluded from the study. The research
obtained approval from the District Health Office and received
ethical authorization from an Institutional Ethics Committee
(Approval No: 1061/UN2.F1/ETIK/PPM 00.02/2023).
Consent was acquired from the participants, and their

involvement was entirely voluntary.

Data collection

The researchers briefed the participants in IG on how to
download and practice using Semangat. The Semangat was
available from the Google Play Store®. Patients in IG were
instructed to use the Semangat mobile application independently
at home for a period of four wecks to support their self-
management. The intervention was designed to be integrated
into participants’ daily lives, complementing standard care
consisting of monthly consultations and free ART provision at
primary health centers. Meanwhile, patients in CG received

standard care.

Instruments and measures

Self-administered questionnaires were used as instruments to
gather data from participants at the initiation and end of the
study. No participant attrition occurred between pre- and post-
assessments. The questionnaires were adopted from several
studies to assess participants’ medication adherence, EHL
literacy, and HIV knowledge [27-30]. Additional questionnaires
were given to patients in the IG to evaluate the usability of the
Semangat and their satisfaction after using the application. The
questionnaire was piloted among 30 PLWH in a non-study PHC
before data collection to ensure its validity and reliability.

Validity of the questionnaire was determined as valid, as shown

by a validity coefficient value of 0.930, and test-retest reliability
was considered adequate (Cronbach’s alpha = 0.637). The
moderate reliability of the questionnaire may have affected its
internal consistency and should be considered when interpreting
the results.

The questionnaires consisted of six parts. Parts 1-4 were
distributed to all participants before and after intervention,

whilst Parts 5-6 were given only to IG after intervention.

Data analysis

Data were analysed using IBM SPSS Statistics for Windows,
Version 22.0 (IBM Corp., Armonk, NY, USA). A descriptive
analysis was conducted to determine the demographic
characteristics of PLWH, their patterns of secking online health
information, medication adherence, EHL, and knowledge
regarding HIV/AIDS. The validity coefficient of the
questionnaire was calculated using Pearson correlation. The Chi-
square test was employed to compare the demographic
characteristics and online information-seeking patterns between
IG and CG. The Mann-Whitney test was applied to compare the
primary outcome (medication adherence) and secondary
outcomes (EHL and HIV knowledge) between the two groups.
The Wilcoxon signed-rank test was performed to determine the
within-group difference in the scores of medication adherence,
EHL, and HIV knowledge before and after intervention. Data
normality was tested using the Kolmogorov-Smirnov test before
applying non-parametric analyses. Analyses were two-tailed with
a significance level of p < 0.05. Further, we calculated Cohen’s
d to measure the effect size before and after intervention within
each group for primary and secondary outcomes. Cohen
classified effect size as small (d=0.2), medium (d = 0.5), and
large (d20.8) [31]. Effect size quantifies the magnitude or
practical importance of an observed difference or relationship,

providing information beyond statistical significance [31].

Results and Discussion

A total of 494 PLWH participated in the study. As detailed in
Table 1, overall, the distribution of socio-demographic
characteristics indicates comparability between the intervention
and control groups at baseline. The age distribution was
comparable across groups, with the largest proportion of
participants belonging to the 25—34 year category (49.4% in IG
vs. 40.1% in CG), followed by those aged 35—44 years (27.1%
vs. 36.8%, respectively). Gender composition was also similar,
with males constituting the majority in both the intervention
(80.6%) and control (78.5%) groups. Meanwhile, educational
attainment showed a similar trend, with most participants having
completed secondary education (62.3% in IG and 70.4% in CG).
Employment status revealed that the majority of participants in
both groups were employees, with a slightly higher proportion
in IG (66.4%) compared to CG (58.7%). Conversely, self-
employment and unemployment were marginally more

prevalent in CG. With respect to the duration of HIV since
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diagnosis, approximately half of the participants in both groups
had been living with HIV for more than three years (48.3% in the

intervention group and 48.9% in the control group), with

smaller proportions reporting durations of less than one year or

between one and three years.

Table 1. Baseline socio-demographic characteristics of study participants (N=494)

Intervention Group (N=247)

Control Group (N=247)

Characteristics p-value®
No.(%) No.(%)
Age (years)
18 - 24 34 (13.8) 23(9.3)
2534 122 (49.4) 99 (40.1)
0.030
35 44 67 (27.1) 91 (36.8)
45-54 19 (7.7) 30 (12.3)
>55 5(2.0) 4 (1.6)
Gender
Male 199 (80.6) 194 (78.5) 0.655
Female 48 (19.4) 53 (21.5)
Education level
Primary 10 (4.1) 14 (5.7) 0.051
Secondary 154 (62.3) 174 (70.4)
Tertiary 83 (33.6) 59 (23.9)
Employment status
Employee 164 (66.4) 145 (58.7) 0.187
Self-employed 39 (15.8) 52(21.1)
Unemployed 44 (17.8) 50 (20.2)
Duration of HIV since diagnosis (years)
<1 57(23.1) 63 (25.5) 0.672
1-3 71 (28.7) 63 (25.5)
>3 119 (48.3) 121 (48.9)

*Statistical analysis was performed using the Chi-square test

Table 2 presents the profile of online HIV information-seeking
behaviours among study participants in the intervention and
control groups. A significant difference (p<0.001) was observed
in the sources of online HIV-related information. Specifically,
participants in the intervention group more frequently reported
using health-related websites (19.0% vs. 15.4%) and social
media (35.6% vs. 24.3%), whereas reliance on online
encyclopedias and news websites (2.0% vs. 4.9%) and other
media (2.0% vs. 8.9%) was more common in the control group.

Search engine use was high in both groups (41.3% vs. 46.5%).

Regarding motivations for seeking HIV-related information, no
significant differences were found between groups (p=0.722).
Across both groups, the vast majority of participants reported
being primarily self-motivated (80.2% vs. 82.2%), with only
small proportions citing family, friends, healthcare providers, or
others as sources of motivation. Similarly, trusted sources of HIV
information were comparable (p=0.977), with almost all
participants in both groups identifying healthcare providers as
their most trusted source (>95%). Very few participants cited

the PLWH community, public figures, or social media.

Table 2. Profile of online HIV information-seeking by participants before intervention (N=494)

Intervention group (N=247)

Control group (N=247

Variables P-value*
No.(%) No.(%)
Sources of HIV-related information
Health-related websites 47 (19.0) 38 (15.4)
Social media 88 (35.6) 60 (24.3)
<0.001
Search engine 102 (41.3) 115 (46.5)
Online encyclopedia and news website 5(2.0) 12 (4.9)
Other media (e.g., TV, radio) 5(2.0) 22 (8.9)
Sources of motivation for HIV information seeking
Themselves
198 (80.2) 203 (82.2)
Family
13 (5.3) 16 (6.5) 0.722
Friends
21(8.5) 19(7.7)
Healthcare providers
9(3.6) 6(2.4)
Others
6(2.4) 3(1.2)
Trusted sources of HIV information
Healthcare providers 235 (95.1) 236 (95.6)
PLWH community 8(3.2) 8(3.2) 0.977
Public figure 1(0.4) 1(0.4)
Social media 3(1.2) 2(0.8)
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Devices used for searching HIV online information
Handphone/ tablet
Laptop/Personal computer
Frequency of internet use for searching HIV information
Every day

3-6 times per week

1-2 times per week
Every 2 weeks
Every 3 weeks

Once per month

Daily duration of internet use for searching HIV information
<4 hours
4-8 hours
9-12 hours
>12 hours

240 (97.2) 238 (96.4) 0.799
7(2.8) 9(3.6)
15 (6.1) 13 (5.3)
7(2.8) 3(1.2)
47 (19.0) 19 (7.7) <0.001
31 (12.6) 19 (7.7)
16 (6.5) 21 (8.5)
131 (53.0) 172 (69.6)
241 (97.6) 241 (97.6)
6(2.0) 4(1.6) 0.694
0 0
1(0.4) 2(0.8)

PLWH = people living with HIV

*Statistical analysis was performed using the Chi-square test

In terms of devices used for online searches, there were no
significant differences (p=0.799), with almost all participants
using handphones or tablets (>96%) and only a minority using
laptops or personal computers. By contrast, a significant
difference was observed in the frequency of internet use for HIV
information (p<0.001). While the majority in both groups
reported seeking information once per month (53.0% vs.
69.6%), participants in the intervention group were more likely
to search weekly (e.g., 1-2 times per week: 19.0% vs. 7.7%).
Meanwhile, the daily duration of internet use for HIV
information did not differ significantly between groups
(p=0.694). Most participants reported using the internet for less
than four hours daily (>97%), with only a very small proportion
reporting longer durations.

Table 3 depicts the scores of ART adherence, EHL, and HIV
knowledge before and after intervention in both groups. The
baseline mean adherence scores also showed no significant
difference between groups, with 3.04 (SD = 1.15) in the
intervention group and 3.24 (SD = 1.19) in the control group (p
=0.109). In terms of the ART adherence profile, at baseline, the
distribution of ART adherence levels was similar between
groups. In the intervention group, 9.3% of participants were

classified as low adherent, 54.3% as moderate adherent, and

36.4% as high adherent. In the control group, 7.7% were low
adherent, 47.4% moderate adherent, and 44.9% high adherent
(Figure 1). Following the intervention, substantial
improvements were observed in the intervention group. The
proportion of participants classified as high adherent increased
markedly from 36.4% to 70.0%, while moderate adherence
declined from 54.3% to 28.8% and low adherence dropped from
9.3% to only 1.2%. In contrast, the control group demonstrated
only modest changes, with high adherence increasing slightly
from 44.9% to 51.0%, moderate adherence decreasing from
47.4% to 42.1%, and low adherence remaining almost
unchanged (7.7% to 6.9%). Consistent with these categorical
findings, the mean adherence score in the intervention group
increased significantly to 3.98 (SD = 0.904), representing a large
improvement of +0.94 points (Cohen’s d = 0.908). Meanwhile,
the control group showed only a small increase in the adherence
score with a mean change of 0.13 points (Cohen’s d = 0.117).
At the endpoint, between-group differences were statistically
significant (p < 0.001) (Table 3). Overall, both categorical and
mean score analyses demonstrated that the intervention was
highly effective in improving ART adherence, whereas the

control group exhibited only minimal change.

Table 3. Score of Antiretroviral Treatment (ART) Adherence, E-Health Literacy, HIV Before and After Intervention

Variables Intervention group (N=247) Control group (N=247) p-value?
Score of ART adherence

Baseline, mean (SD) 3.04 (1.152) 3.24 (1.192) 0.109
Endpoint, mean (SD) 3.98 (0.904)" 3.38 (1.186)° 0.000
Difference within group, mean (SD) +0.94 (1.102) +0.13 (0.793) 0.000

E-Health literacy
Baseline, mean (SD) 22.77 (4.042) 21.21 (4.382) 0.212
Endpoint, mean (SD) 24.79 (2.893)" 21.55 (4.309)¢ 0.030
Difference within group, mean (SD) +2.02 (3.665) +0.34 (2.732) 0.000

HIV knowledge
Baseline, mean (SD) 3.49 (0.775) 3.57 (0.793) 0.077
Endpoint, mean (SD) 3.79 (0.484)" 3.63 (0.726)° 0.029
Difference within group, mean (SD) +0.30 (0.591) +0.06 (0.294) 0.000

SD = standard deviation
a =Difference between the two groups by using the Mann-Whitney test

b = Difference before-after within the intervention group was conducted using the Wilcoxon test, p-value = 0.000 (Cohen’s d = 0.908) for ART adherence, p-value = 0.000 (Cohen’s d = 0.575)

for e-Health Literacy, p-value = 0.000 (Cohen’s d = 0.464) for HIV knowledge
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¢ = Difference before-after within the control group was conducted using the Wilcoxon test, p-value = 0.007 (Cohen’s d = 0.118) for ART adherence, p-value = 0.001 (Cohen’s d = 0.078) for e-

Health literacy, p-value = 0.003 (Cohen’s d = 0.079) for HIV knowledge

Percentage
100,0
90,0
80,0

Intervention group

70,0
70,0
60,0 54,3
50,0
40,0 36,4
28,8

30,0
20,0 -
10,0 12

0,0

Baseline End point

51,0
4744 4,9
Baseline endpoint

Control group

B Low adherent  ® Moderate adherent  m High adherent

Figure 1. Level of Antiretroviral Treatment (ART) Adherence Before and After Intervention

Regarding EHL, at baseline, the distribution of EHL was
comparable between the two groups. In the intervention group,
56.7% of participants had poor literacy and 43.3% had good
literacy, while in the control group, 68.4% demonstrated poor
literacy and 31.6% had good literacy (Figure 2). The baseline

Percentage

100,0
90,0
80,0
70,0
60,0

Intervention group

86,7 611
50,0 433 s
40,0
30,0
20,0
10,0
0,0

Baseline End point

mean EHL score was also similar between groups, with 22.77
(SD = 4.04) in the intervention group and 21.21 (SD = 4.38) in
the control group, and the difference was not statistically

significant (p = 0.212) (Table 3).

68,4 69,2
I 31,6 I 30,8

Baseline endpoint

Control group

m Poor literacy ® Good literacy

Figure 2. Level of e-Health Literacy Before and After Intervention

Following the intervention, a marked improvement was
observed in the intervention group. The proportion of
participants with good literacy increased to 61.1%, while poor
literacy declined to 38.9% (Figure 2). In contrast, the control
group showed no meaningful change, with 69.2% classified as
having poor literacy and 30.8% as having good literacy at
endpoint. Consistent with these categorical findings, the mean

literacy score in the intervention group increased significantly to

24.779 (SD = 2.89), representing a mean improvement of +2.02
points (SD = 3.67, p < 0.001, Cohen’s d = 0.575). Meanwhile,
the control group showed only a minimal increase to 21.55 (SD
= 4.31), with a mean improvement of 0.34 points (Cohen’s d =
0.078) (Table 3). At the endpoint, the between-group
difference in mean scores was statistically significant (p = 0.030).
In general, these results demonstrated that the intervention was

effective in significantly improving both the proportion of
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participants with good EHL and the mean literacy scores, while
no substantial improvement was observed in the control group.

The analysis of HIV knowledge demonstrated consistent
improvements in the intervention group across both categorical
knowledge levels and mean scores. At baseline, the majority of

participants in both groups were classified as having good

Percentage

100,0

90,0 81,8

80,0

70,0 64,0
60,0

50,0

40,0 34,0
30,0 18,2
20,0

10,0 2,0 0,0 .
0,0

Baseline End point

Intervention group

Poor ® Fair

knowledge, with 64.0% in the intervention group and 72.1% in
the control group, and no significant differences were observed
between groups (Figure 3). Mean baseline scores further
confirmed this comparability, with the intervention group
scoring 3.49 £ 0.775 and the control group 3.57 £ 0.793 (p =
0.077), (Table 3).

721 74,5
23,9 22,7
4,0 I 2/8 .
Baseline endpoint

Control group

Good

Figure 3. Level of HIV-related Knowledge Before and After Intervention

By the endpoint, marked improvements were observed in the
intervention group. The proportion of participants classified as
having good knowledge increased substantially from 64.0% to
81.8%, while no participants remained in the poor category. In
contrast, only a modest increase was observed in the control
group, with the proportion in the good category rising slightly
from 72.1% to 74.5%, and 2.8% of participants continuing to
demonstrate poor knowledge (Figure 3). These categorical
shifts were corroborated by the mean score analysis detailed in
Table 3. The intervention group achieved a statistically
significant increase in mean knowledge score (3.79 £ 0.484),
compared to a smaller increase in the control group (3.63 *
0.726), with the between-group difference at endpoint reaching
statistical significance (p = 0.029). Further, the mean gain score
was significantly higher (p < 0.001) in the intervention group
(+0.30, Cohen’s d = 0.464) relative to the control group
(+0.06, Cohen’s d = 0.079). These results confirm that the
intervention had a strong positive impact on enhancing HIV
knowledge relative to the control group.

Assessment of the Semangat application’s usability (Table 4)
showed a mixed distribution of responses among intervention
participants. While 29.2% rated the application as “very good”
and 20.2% rated it as “good,” a notable proportion perceived it
less favourably, with 29.2% rating usability as “poor” and 21.4%
as “fair.” This indicates that although more than half of the
participants acknowledged the application as at least “good” or
“very good,” nearly half expressed reservations regarding its
usability. In terms of user satisfaction toward Semangat, 38.1%

of participants reported being “very satisfied,” and 21.9% were

“satisfied,” leaving 40% of participants being “less satisfied”. The
findings suggested that while the application was positively
received by a majority, there remains room for further

improvement to optimise user experience and satisfaction.

Table 4. Assessment of Application Usability and User

Satisfaction in the Intervention Group After Four-Week

Use
Int ti N=247

Parameters ntervention group ( )

No.(%)
Level of Application Usability
Poor 72 (29.2)
Fair 53 (21.4)
Good 50 (20.2)
Very Good 72 (29.2)
Level of Satisfaction

Less Satisfied 99 (40.0)
Satisfied 54 (21.9)
Very Satisfied 94 (38.1)

This quasi-experimental study demonstrated that the Semangat
mobile application was effective in improving ART adherence,
EHL, and HIV-related knowledge among PLWH in Indonesia.
Participants in the intervention group exhibited significantly
greater improvements in both categorical and mean scores of
adherence and literacy compared with the control group, while
also showing marked gains in HIV knowledge. The application’s
features, particularly HIV-related information provision and
medication reminders, have likely made a key contribution in

enhancing digital literacy, patients” knowledge, and ultimately
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medication adherence. The improvement in ART adherence
among Semangat users can be attributed to this integration of
educational, behavioural, and motivational features. The
application not only provided reliable HIV-related information
but also personalised medication reminders, addressing both
knowledge and behavioural barriers to adherence. Its eHealth
literacy component likely enhanced users’ capacity to evaluate
and apply health information, thereby improving understanding,
communication, and  confidence in  self-management.
Additionally, Semangat’s culturally attuned messaging and user-
friendly interface enhanced engagement, while recurring
reminders reinforced medication-taking habits and self-
regulation.

Maintaining adherence in chronic conditions such as HIV is
influenced by a wide range of demographic, economic, and
sociocultural factors. Among these, health literacy has
consistently been identified as a critical determinant, as it affects
patients’ ability to understand treatment instructions, evaluate
health information, and make informed decisions [5]. Previous
research has consistently shown that patients with higher levels
of health literacy are more likely to adhere to their medications
[32-34]. Persell et al. for instance, demonstrated that health
literacy was closely linked to patients’ understanding of
medication indications, dosing, and instructions, suggesting that
limited literacy contributes to poor self-management [35].
Similarly, Lu and Zhang reported that eHealth literacy in online
health communities was positively associated with treatment
adherence [36-39]. They found this relationship was mediated by
factors such as physician—patient communication, health
information—secking behaviours, and the perceived quality of
online health information [40]. This evidence has reinforced our
study results, where improved eHealth literacy among Semangat
users may have facilitated better communication, more effective
information use, and ultimately, higher ART adherence. This
underscores the importance of integrating literacy-focused
digital tools into HIV care to complement traditional clinical
support [41-44].

Our findings also resonate with previous mHealth initiatives in
Indonesia; however, the Semangat application offers distinctive
advantages in terms of its integrated focus on eHealth literacy and
broader usability among general PLWH populations. Similarly,
Garg et al. developed “Rumah Sela”, an application targeting key
populations affected by HIV—such as men who have sex with
men, transgender individuals, and people who use drugs [45-53].
The study reported improvements in HIV-related knowledge
and behaviors, alongside high acceptability and increased service
utilization (e.g., HIV testing). In contrast, Semangat was
designed for the wider PLWH community, not restricted to key
populations, thereby expanding its potential reach and impact on
national adherence improvement efforts [54]. Another HIV
application known as IMUT ARV, which stands for "Ingat
Minum Obat ARV" (Remember to take antiretroviral therapy),
offered similar features to Semangat, such as educational
information, reminders for taking ART, and notifications for

collecting ART from PHC. During the usability assessment of

IMUT ARV, PLWH and healthcare providers indicated that
IMUT ARV could potentially enhance medication compliance.
Therefore, this application was highly recommended for wider
use among PLWH. However, while IMUT ARV primarily
focused on behavioural reminders, Semangat integrates an
eHealth literacy enhancement component, aiming to strengthen
users’ abilities to access, understand, and apply HIV-related
digital ~information, thereby fostering more sustainable
adherence behaviours. Furthermore, findings on IMUT ARV’s
scalability and long-term outcomes remain limited [55]. Unlike
Sobat Sehat, another Indonesian-based HIV application created
by the Indonesian AIDS Coalition, Semangat goes beyond
informational and locational support. Sobat Sehat provides
general information on symptoms, prevention, and treatment
using geo-location to identify nearby healthcare services, but
lacks adherence reminders and literacy-based engagement tools.
Semangat, conversely, combines educational, behavioural, and
motivational elements through medication and visit reminders,
interactive health information, and features that support users’
comprehension and self-management capacity [56].

When compared with mHealth initiatives abroad, Semangat also
demonstrates a more holistic approach. For example, South
Korea’s Excellent Self-Supervised HIV Care (ESCC) and Health
Manager applications focus primarily on adherence reminders
and patient—provider communication [17, 19], while Iran’s
Aysoo emphasizes self-care through diet and exercise monitoring
[16]. Meanwhile, applications such as WYZ and LifeSkills in the
United States were designed for specific subgroups (e.g., youth
and transgender women) to enhance engagement and peer
support [18, 28]. In contrast, Semangat was developed through
participatory design tailored to Indonesia’s cultural context,
literacy levels, and healthcare infrastructure, making it more
adaptable for large-scale implementation in low- and middle-
income settings. Its dual emphasis on behavioral support and
digital literacy empowerment differentiates it from most existing
HIV mHealth interventions globally [57-61].

Despite the promising results, several limitations should be
acknowledged. First, the intervention period was relatively short
(four weeks), limiting the ability to assess the long-term
sustainability of the observed improvements. Second, although
allocation at the PHC level was randomised, individual
randomisation was not conducted, which may have introduced
selection bias and unmeasured differences between groups [62-
71]. Third, adherence assessment relied on self-reported
measures, which are susceptible to recall and social desirability
bias and may have overestimated actual adherence levels. Fourth,
approximately half of the participants rated the application’s
usability as “poor” or “fair,” indicating the need for further
refinement to enhance user experience and interface design.
Finally, as Semangat was specifically developed within the
Indonesian context, its generalisability to other settings may

require cultural and contextual adaptation.

Conclusion
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The Semangat mobile application significantly improved ART
adherence, eHealth literacy, and HIV knowledge among PLWH
in Indonesia compared to standard care alone. By combining
reminder features with accessible health information, the
application addressed both behavioural and educational barriers
to adherence. While the short duration and limited usability
highlight areas for further development, these findings support
the integration of Semangat into Indonesia’s Satu Sehat digital
health ecosystem as a community-based HIV management tool.
Future studies should evaluate long-term sustainability, user-
centered refinements, and the impact on clinical outcomes such

as viral suppression.
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