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This study aimed to evaluate the effectiveness of the Anemia Rematri m-
Health application in improving knowledge and attitudes regarding anemia
Keywords: among adolescent girls. A quasi-experimental study with a pretest—posttest
control group design was conducted among 108 adolescent girls enrolled in
private vocational secondary schools in Palangka Raya, Central Kalimantan,
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Anemia _ Indonesia. Participants were allocated to either an intervention group (n =
Health promotion 54), which received education through the Anemia Rematri application, or a
Knowledge control group (n = 54), which received educational booklets. Knowledge and
m-Health attitudes toward anemia were assessed before and after the intervention. The

findings revealed significant differences between the intervention and
control groups in both knowledge (p < 0.001) and attitudes (p < 0.001). The
mean increase in knowledge scores was higher in the intervention group
(68.67) than in the control group (40.37). Likewise, the intervention group
demonstrated a greater improvement in attitude scores (67.35) compared
with the control group (41.65). These findings suggest that the Anemia
Rematri m-Health application may contribute to improvements in anemia-
related knowledge and attitudes among adolescent girls. The application has
the potential to become an innovative strategy for strengthening anemia
prevention efforts, particularly through integration into the School Health
Program (Usaha Kesehatan Sekolah [UKS]), school-based health promotion
initiatives, and digital iron supplementation programs.
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1. INTRODUCTION

Adolescence is a transitional period between childhood and adulthood, spanning the ages of 10-19
years. It represents a unique and critical stage of development that plays an essential role in establishing the
foundation for optimal health. During this period, adolescents undergo rapid physical, cognitive, and
psychosocial development [1]. Nutritional deficiencies during adolescence can lead to various health
problems, one of which is anemia, with adolescent girls being particularly vulnerable to this condition [2].
Among adolescents, girls are at a higher risk of developing anemia due to menstrual blood loss, which is
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often compounded by inadequate dietary iron intake [3]. Global analyses involving more than 180 countries
have consistently shown that the prevalence of anemia is higher among adolescent girls than among
adolescent boys, with relatively slow progress in reducing its burden over the past decade [4], [5]. In 2019,
the global prevalence of anemia was estimated at 29.9%, affecting 36.5% of women of reproductive age and
29.6% of adolescents. Among women aged 15 years and older, the prevalence of anemia was reported to be
42.1% in Myanmar, which was considerably higher than that in Singapore (13.0%). Comparable prevalence
rates were observed in other countries, including Brunei Darussalam (16.7%), Vietnam (20.6%), Thailand
(24.0%), Malaysia (32.0%), and China (15.5%) [6].

Data from the 2018 Indonesian Basic Health Research (Riset Kesehatan Dasar) indicated that the
prevalence of anemia among individuals aged 15-24 years was 32%, with a prevalence of 27.2% among
adolescent girls. According to the 2023 Indonesian Health Survey/Survei Kesehatan Indonesia (SKI), the
prevalence of anemia among adolescents aged 15-24 years decreased to 15.5%, while the prevalence among
adolescent girls was reported at 18.0%. Although these figures represent a decline compared with those
reported five years earlier, the prevalence of 15.5% remains a significant public health concern. According to
the World Health Organization (WHO), an anemia prevalence of 15.5% in a population is classified as a
moderate public health problem [7]. Anemia in adolescents is defined as a condition in which the
concentration of hemoglobin (Hb) in the blood falls below the normal threshold of 12 g/dL [8]. Common
symptoms of anemia include fatigue, lethargy, weakness, and reduced alertness, often accompanied by
headaches, dizziness, blurred vision, excessive sleepiness, rapid exhaustion, and difficulty concentrating.
Clinically, anemia is characterized by pallor of the face, eyelids, lips, skin, nails, and palms [9]. Anemia
adversely affects not only adolescents’ physical growth and development but also their ability to achieve
their full potential. It has been associated with poorer educational attainment, reduced work productivity, and
impaired cognitive performance. Previous studies have demonstrated that anemia negatively affects cognitive
function, mental health, school attendance, academic achievement, and overall performance among
adolescents [10]. If left untreated during adolescence, anemia may increase the risk of anemia during
pregnancy later in life. Maternal anemia is associated with an elevated risk of mortality in cases of severe
hemorrhage, low birth weight (LBW), congenital anomalies, and an increased likelihood of childhood
stunting [11].

Longitudinal evidence suggests that anemia during adolescence increases the risk of anemia during
pregnancy, which is subsequently associated with adverse maternal and neonatal outcomes, including low
birth weight and the persistence of intergenerational nutritional problems [12]. Health education related to
anemia among adolescent girls can help them address problems caused by anemia [13]. Health education is
an effective method for improving adolescent health through increased knowledge and positive changes in
attitudes [14]. Educational programs have been proven to play an important role in improving knowledge and
attitudes regarding anemia prevention, particularly among adolescent girls. However, varying findings across
studies emphasize the need for tailored and consistent educational strategies to effectively address anemia
[15]. Advances in digital technology have transformed patterns of information access and dissemination,
creating new dynamics within the contemporary digital landscape. In this context, digital media have become
a widely utilized platform for adolescents to access and share health-related information. Studies have shown
that adolescents tend to actively engage with and respond positively to digital educational programs
specifically designed to target health-related behaviors [16].

The rapid advancement of digital technology has created new opportunities to strengthen health
education among adolescents. Mobile health (m-Health) is a form of information and communication
technology and a subcategory of e-health. This unique service is effective in delivering both standardized and
personalized health information. Previous studies have shown that m-Health services have the potential to
engage adolescent girls and improve their knowledge [17], [18]. Several studies have demonstrated that
mobile application-based interventions (m-Health) can improve access to health information and support
positive health behavior changes across various population groups [19]. In addition, a recent systematic
review reported that m-Health interventions have the potential to enhance health literacy and promote
adolescent engagement in managing their own health [20]. However, the effectiveness of m-Health
interventions in improving health knowledge and attitudes among adolescents remains inconsistent,
highlighting the need for further research using more robust intervention designs [21]. In the context of
anemia prevention among adolescent girls, most studies have focused on health education delivered through
conventional methods, while the use of interactive m-Health applications as a medium for health education
remains limited [22]. Nevertheless, scientific evidence regarding the effectiveness of m-Health interventions
among adolescents is still limited and has yielded mixed findings, particularly with respect to long-term
health behavior changes [23].

On the other hand, research on anemia prevention among adolescent girls has predominantly
focused on conventional health education interventions, while the use of digital applications as a medium for
health education has received relatively limited attention, particularly in developing countries [3], [22].
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Although previous studies have demonstrated the benefits of digital health interventions, evidence regarding
the effectiveness of m-Health applications specifically designed for anemia education among adolescent girls
in school settings in Indonesia remains limited. Furthermore, most existing studies continue to focus on
conventional educational methods, whereas evaluations of interactive digital applications in the context of
adolescent health are still relatively scarce. Evaluating the Anemia Rematri application is important to
provide scientific evidence supporting the development of digital-based adolescent health promotion
strategies and to strengthen anemia prevention efforts among adolescent girls. As an effort to overcome the
limitations of conventional educational methods, the Anemia Rematri application was developed as an m-
Health-based educational medium that enables adolescent girls to obtain information about anemia
independently, continuously, attractively, interactively, and conveniently. Through these features, the
application is expected to improve knowledge and foster more positive attitudes toward anemia prevention.
Given the relatively short duration of the intervention in the present study, clinical outcomes such as
hemoglobin levels could not be optimally evaluated, as they require a longer observation period. Therefore,
this study focused on knowledge and attitudes as the primary outcomes, as both are important determinants
that precede health behavior change. Improvements in knowledge and positive attitudes are expected to
encourage better anemia prevention behaviors, such as consuming iron-rich foods and adhering to iron
supplementation, which may ultimately contribute to improved anemia status in the long term. Therefore, this
study aimed to analyze the effectiveness of the Anemia Rematri m-Health application on knowledge and
attitudes toward anemia among adolescent girls.

2. METHOD
2.1. Study design

This study employed a quasi-experimental design using a pretest—posttest with control group
approach to examine the effectiveness of the Anemia Rematri m-Health application in improving adolescent
girls' knowledge and attitudes toward anemia. In this study, the intervention group received health education
through the Anemia Rematri m-Health application, which contains educational materials on anemia among
adolescent girls and can be accessed via Android smartphones. Prior to its implementation, the application
had been developed through a research and development (R&D) process using the analysis, design,
development, implementation, and evaluation (ADDIE) model, which concluded that the application was
appropriate for use as a health education medium for adolescent girls. Meanwhile, the control group received
health education using a booklet on anemia among adolescent girls. The application was designed as an m-
Health—based educational medium for adolescent girls and includes a variety of educational materials on
anemia, covering its definition, causes, signs and symptoms, consequences, prevention strategies,
consumption of iron-rich foods, and the importance of iron supplementation. In addition to educational
content, the application is equipped with several interactive features, including information on iron
supplementation tablets, anemia screening, a body mass index (BMI) calculator, a myths-and-facts section on
anemia, interactive quizzes, and a counseling corner service. These features were designed to enhance user
engagement, encourage self-directed learning, facilitate access to health information, and enable adolescent
girls to repeatedly access educational materials through their smartphones throughout the intervention period.

2.2. Participants

The participants in this study were adolescent girls aged 15-18 years. A non-probability sampling
technique, namely purposive sampling, was employed to recruit participants who met the study criteria and
were considered appropriate for the intervention objectives. However, the use of purposive sampling may
introduce selection bias and limit the generalizability of the findings to a broader population of adolescent
girls. To minimize this potential bias, predefined inclusion and exclusion criteria were applied, and
homogeneity testing was conducted to ensure baseline comparability between the intervention and control
groups prior to the intervention. The inclusion criteria were adolescent girls who had experienced
menstruation, owned an Android smartphone, were willing to install the Anemia Rematri m-Health
application, and agreed to participate in the study. The exclusion criterion was failure to complete all study
procedures until the end of the research period. The study was conducted in two private vocational high
schools in Palangka Raya City, Central Kalimantan Province, Indonesia. These schools were selected
because they had not previously been targeted by the Adolescent-Friendly Health Services
Program/Pelayanan Kesehatan Peduli Remaja (PKPR) or iron supplementation programs for adolescent girls
provided by local primary healthcare centers. Therefore, the potential influence of previous health
interventions on the study outcomes could be minimized. In addition, the schools had a sufficient number of
adolescent girls and supported the implementation of an m-Health—based intervention. The sample size was
determined using the statistical formula for testing the hypothesis of two independent proportions. Based on
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the sample size calculation, a total of 108 participants who met the inclusion criteria were recruited,
consisting of 54 participants in the intervention group and 54 participants in the control group.

2.3. Instruments

The instruments used in this study were a knowledge questionnaire and an attitude questionnaire
related to anemia among adolescent girls. The knowledge questionnaire consisted of 15 items measured using
a Guttman scale and demonstrated good reliability, with a Cronbach’s alpha coefficient of 0.857. The attitude
questionnaire consisted of 20 statements measured using a Likert scale and showed a Cronbach’s alpha
coefficient of 0.891. The reliability test results indicated that both instruments had very good internal
consistency (Cronbach’s alpha > 0.80), confirming that the questionnaires were reliable and appropriate for
data collection in this study. Pretest data were collected directly from participants in September 2025.
Following completion of the pretest questionnaire, participants in the intervention group were given access to
install and use the Anemia Rematri m-Health application, while participants in the control group received a
booklet containing educational materials on anemia among adolescent girls. Posttest data were collected in
October 2025 to assess differences in mean knowledge scores and attitude scores between the intervention
and control groups following the intervention.

2.4. Intervention

The intervention was conducted over a one-month period. Prior to the intervention, participants in
both the intervention and control groups completed a pretest to assess their baseline knowledge and attitudes
before receiving the intervention. Following the pretest, the intervention group received health education
through the Anemia Rematri m-Health application, which could be accessed via Android smartphones, while
the control group received health education through a printed booklet. During the one-month intervention
period, participants in the intervention group were given access to install and use the Anemia Rematri m-
Health application on their Android smartphones. Participants were able to independently access the
educational materials and interactive features available within the application throughout the study period.
Upon completion of the intervention, all participants completed a posttest to assess the effectiveness of the
Anemia Rematri m-Health application in improving participants' knowledge and attitudes toward anemia.

2.5. Data analysis

Data were analyzed using both univariate and bivariate statistical methods. Univariate analysis was
performed to describe the characteristics of the participants and the distribution of the study variables.
Bivariate analysis was conducted to evaluate changes in knowledge and attitudes before and after the
intervention within each group, as well as to compare score improvements between the intervention and
control groups. The selection of statistical tests was based on the distribution of the data and the objectives of
the analysis. Prior to conducting between-group comparisons, a homogeneity test was performed to ensure
comparability between the intervention and control groups and to minimize potential bias.

2.6. Ethical considerations

This study received ethical approval from the Research Ethics Committee of Poltekkes Kemenkes
Palangka Raya (No. 0199/VI1II/KE.PE/2025). Prior to data collection, all participants were provided with a
complete explanation of the study objectives, procedures, and potential benefits. Participation in this study
was voluntary and respondents had the right to withdraw from the study at any time without any
consequences. Written informed consent was obtained from all participants as well as from their parents or
legal guardians.

3. RESULTS AND DISCUSSION

Table 1 shows that the mean age of respondents in the intervention group was 15.57 years, while in
the control group it was 15.15 years. The mean mid-upper arm circumference (MUAC) was 25.71 cm in the
intervention group and 25.48 cm in the control group. The mean body mass index (BMI) was 22.14 kg/m?2 in
the intervention group and 21.79 kg/mz2 in the control group. In addition, the mean hemoglobin level was
13.69 g/dL in the intervention group and 12.35 g/dL in the control group.

Table 2 indicates that the mean knowledge score in the intervention group increased from 75.70
(pretest) to 88.30 (posttest), while in the control group it increased from 77.41 to 80.31. For the attitude
variable, the mean score in the intervention group increased from 67.17 to 76.87, whereas in the control
group it increased from 68.61 to 71.54.

Table 3 demonstrates statistically significant differences in knowledge before and after the
intervention in both the intervention group (p < 0.001) and the control group (p < 0.015). Similarly,
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significant differences were observed in attitude scores before and after the intervention in the intervention
group (p < 0.015) and the control group (p < 0.014).

Table 4 shows that there were significant differences in the increase of knowledge (p < 0.001) and
attitudes (p < 0.001) between the intervention and control groups. The mean increases in knowledge in the
intervention group (68.67) was higher than in the control group (40.73). Likewise, the increase in attitude
scores was greater in the intervention group (67.35) compared to the control group (41.65). These findings
suggest that the Anemia Rematri m-Health application may improve knowledge and attitudes among
adolescent girls.

Table 1. Characteristics of respondents

Group Characteristics of r espondents Mean  Median Min-Max SD
Intervention Age (years) 15.57 16.00  15.00-17.00 0.602
Mid-upper arm circumference (MUAC) (cm) 25.71  25.00  20.00-33.00 3.791
Body mass index (BMI) (kg/m?) 2214 2144  15.10-36.70 4.758
Hemoglobin level (g/dL) 13.69 14.30 7.40-18.20  2.603
Control Age (years) 15.15 15.00  14.00-16.00 0.711
Mid-upper arm circumference (MUAC) (cm) 25.48  25.00  19.00-34.00 3.039
Body mass index (BMI) (kg/m?) 2197  20.95  14.90-33.00 4.190
Hemoglobin level (g/dL) 12.35 12.60 7.10-18.40 2541

Table 2. Descriptive statistics of knowledge and attitudes toward anemia among adolescent girls in the
intervention and control groups
Variable Group Assessment  Mean  Median  Min-Max SD

Knowledge Intervention Pretest 75.70 80 0-93 12.955
Posttest 88.30 87 73-100 6.790

Control Pretest 7741 80 60-87 7.011

Posttest 80.31 80 67-93 7.255

Attitude Intervention Pretest 67.17 69.00 20-79 9.478
Posttest 76.87 78.00 64-80 4,189

Control Pretest 68.61 68.50 52-80 6.491

Posttest 7154 7350 52-80 6.944

Table 3. Differences in knowledge scores and attitude scores before and after the intervention in the
intervention and control groups

Variable Group
Intervention Control

Knowledge

Pretest mean £ SD 75.70 £ 12.955 77.41+7.011
Posttest mean £ SD 88.30 +6.790 80.31 £ 7.255
p-value 0.001* 0.015*
Attitude

Pretest mean + SD  67.17 £+ 9.478 68.61 + 6.491
Posttest mean £ SD  76.87 +4.189 71.54 +6.944
p-value 0.015* 0.014**
*Uji Wilcoxon; **Uji Paired t-test

Table 4. Differences in the improvement of knowledge scores and attitude scores between the intervention
and control groups

Variable Mean rank p-value
Knowledge
Difference in knowledge scores (Intervention group) 68.67 0.001*
Difference in knowledge scores (Control group) 40.73 '
Attitude
Difference in attitude scores (Intervention group) 67,35 0.001*
Difference in attitude scores (Control group) 41,65 '

*Mann Whitney

The findings of this study showed that adolescent girls who received education through the Anemia
Rematri m-Health application experienced greater improvements in anemia-related knowledge and attitudes
than those who received education through a booklet. The greater improvement in knowledge and attitudes
observed in the intervention group suggests that digital technology may serve as an effective health education

Int J Public Health Sci, Vol. 15, No. 3, September 2026: 660-668



Int J Public Health Sci ISSN: 2252-8806 a 655

strategy for reaching adolescent populations. These findings strengthen existing evidence that digital
technology-based interventions have considerable potential to improve health literacy among adolescents,
who are active users of digital devices. The use of the Anemia Rematri application may provide a more
effective learning experience than conventional educational media such as booklets. The availability of
interactive features, multimedia content, and easy access through smartphones enables participants to obtain
health information more flexibly and repeatedly. This finding indicates that m-Health applications may
represent a practical and innovative strategy for strengthening adolescent health education programs,
particularly in efforts to prevent anemia in school settings.

The characteristics of digital applications, which enable health information to be delivered in a more
interactive, engaging, and accessible manner through smartphones, may contribute to improved learning
outcomes. m-Health interventions have been shown to enhance access to health information and promote
user engagement in the health learning process [20]. Furthermore, digital technology enables health
information to be delivered repeatedly and flexibly, allowing users to learn according to their individual
needs and available time [24]. The greater improvement in knowledge observed among participants in the
intervention group is consistent with previous studies demonstrating that m-Health interventions are effective
in improving knowledge and attitudes among adolescents. Similar findings have been reported in studies
showing that the WANTER m-Health application significantly improved knowledge, attitudes, and practices
related to anemia prevention among adolescent girls [25]. Likewise, mobile application—based nutrition
education interventions have been shown to improve knowledge about anemia and contribute to increased
hemoglobin levels among adolescent girls [22]. These findings suggest that digital technology—based
interventions have considerable potential to improve health literacy and support adolescent health outcomes.
Other studies have also emphasized the importance of developing user-centered m-Health applications that
consider the preferences of adolescents, caregivers, and healthcare providers. Applications that are easy to
use, include engaging and motivating features, and can be integrated with healthcare services may enhance
user engagement and encourage sustained use over time. Such approaches may serve as innovative strategies
for digital health promotion that support positive health behavior changes and improve health outcomes
among adolescents [26], [27]. These findings are further supported by previous research indicating that m-
Health application—based learning has the potential to increase user engagement in health education
compared with conventional educational methods. In addition, m-Health applications allow adolescent girls
to access content tailored to their needs and preferences, making learning more flexible and
user-friendly [28].

m-Health applications represent an important intersection between healthcare and technology [29].
As a subcategory of e-health, m-Health utilizes information and communication technologies to deliver both
standardized and personalized health information. Previous studies have shown that m-Health services have
the potential to engage adolescent girls and improve their health knowledge [17]. m-Health applications have
emerged as key drivers of the transformation toward high-quality, patient-centered healthcare. These
applications facilitate access to health services and support the delivery of healthcare information to users.
Knowledge has been shown to positively influence attitudes toward m-Health applications and, consequently,
their utilization [30]. In addition, m-Health applications have the potential to contribute to disease prevention
through the dissemination of health messages, information storage, communication, and the promotion of
healthy lifestyle changes among users [31]. m-Health applications can be utilized for a variety of purposes,
including health information delivery, disease prevention, treatment support, and communication between
healthcare professionals and users. Their use, particularly through smartphones, enables broader
dissemination of health information and may enhance healthcare delivery by promoting greater interaction
between target populations and healthcare providers. Evidence from a systematic review demonstrated that
m-Health interventions are associated with improvements in patients’ knowledge, attitudes, behaviors, and
quality of life [32].

More broadly, the use of digital technology in health promotion has expanded considerably in recent
years. Systematic reviews have demonstrated that e-health and m-Health interventions have positive effects
on improving health-related knowledge, attitudes, and behaviors among adolescents. Digital interventions are
considered advantageous because they can reach larger populations while providing more flexible and
sustainable access to health information [21]. m-Health education has been shown to improve knowledge,
attitudes, and practices (KAP) related to anemia among adolescent girls. Furthermore, such interventions
have been associated with improvements in body mass index (BMI), mid-upper arm circumference (MUAC),
and waist and hip circumference measurements. In addition, an increasing trend in hemoglobin levels has
been reported. Therefore, the implementation of this strategy may contribute to improvements in KAP and
help reduce the burden of anemia among adolescent girls in resource-limited settings [33]. Evidence from
randomized controlled trials has further contributed to the growing body of knowledge supporting the use of
mobile technology as a complementary strategy for strengthening health systems and achieving health-related
goals for adolescent girls [34], [35]. As mobile applications continue to evolve, the integration of mobile
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devices into healthcare services is expected to increase and contribute to improvements in the quality of
health education. Consequently, the development of m-Health-based education should not only focus on
delivering knowledge, information, and skills but also play a role in shaping new concepts and fostering
innovation in the development of digital health applications [36].

The findings of this study are also consistent with global developments in the use of digital
technology for health promotion. m-Health interventions are increasingly being utilized to improve health
behaviors across various population groups, including adolescents. m-Health technologies are practical,
scalable, and have considerable potential to engage adolescents and young adults, who generally exhibit high
levels of technology use and mobile phone ownership worldwide. Furthermore, a wide range of m-Health
interventions, from text messaging services to more sophisticated smartphone applications, have been shown
to influence factors that enhance adolescent engagement throughout the continuum of healthcare services
[37]. Similar findings from a systematic review suggest that m-Health represents a promising implementation
strategy for addressing gaps in prevention and healthcare services for adolescents in low- and middle-income
countries. The acceptability and feasibility of m-Health interventions among adolescents have generally been
reported as high. However, evidence remains mixed because many studies have employed single-group
designs without control groups, while relatively few randomized controlled trials have been conducted with
adequate sample sizes [38]. In addition, some m-Health products are regulated as medical devices for specific
clinical purposes, whereas others are intended to promote health and well-being in everyday life [39]. These
findings are also consistent with the Global Strategy for Women's, Children's and Adolescents' Health (2016—
2030), which emphasizes that achieving optimal health outcomes requires integrated, multisectoral, and
innovation-driven approaches. Information and communication technologies are recognized as key
multisectoral enablers that support health systems and interventions across the life course. This highlights
that digital technologies are not merely complementary tools but strategic components for expanding access
to services, improving the quality of health interventions, and supporting data-driven decision-making in
healthcare [40].

From a public health perspective, the findings of this study have important implications for anemia
prevention among adolescent girls. Anemia remains a significant global public health problem, particularly in
low- and middle-income countries, where iron deficiency during periods of rapid growth and menstrual blood
loss contribute substantially to its burden [3]. Digital technology—based educational interventions may
represent an important preventive strategy for reducing the burden of anemia among adolescents. This study
contributes to the development of digital health education strategies, particularly in the context of anemia
prevention among adolescent girls in school settings, and has the potential to be integrated into adolescent
health programs in schools, such as the School Health Program (Usaha Kesehatan Sekolah /UKS) and iron
supplementation programs, thereby supporting broader adolescent health promotion efforts. Furthermore,
these initiatives may contribute to the achievement of the Sustainable Development Goals (SDGs),
particularly SDG 3 (Good Health and Well-Being), SDG 4 (Quality Education), and SDG 5 (Gender
Equality), through improvements in health literacy and anemia prevention among adolescent girls.
Nevertheless, several limitations should be considered when interpreting the findings of this study. The
quasi-experimental design without subject randomization may have introduced selection bias and limited
control over potential confounding factors, which could affect internal validity and the interpretation of
causal relationships. In addition, the relatively short intervention period did not allow for the assessment of
long-term effects on health behavior changes or clinical anemia outcomes. Furthermore, the study was
conducted in only two private vocational high schools in Palangka Raya City, indicating the need for future
studies involving more diverse populations and settings to strengthen the generalizability of the findings.
Knowledge and attitudes were measured using self-reported questionnaires; therefore, the findings reflect
participants' responses at the time of data collection. Another limitation is that the application was developed
exclusively for the Android operating system and is not yet available for iOS devices, which may restrict its
potential reach. Future studies are recommended to employ more rigorous experimental designs and longer
intervention periods. In addition, the development of cross-platform applications is needed to reach broader
populations and enhance the sustainability of digital health interventions.

4. CONCLUSION

The findings of this study indicate that the Anemia Rematri application was associated with greater
improvements in anemia-related knowledge and attitudes among adolescent girls compared with
conventional educational methods. These findings suggest that m-Health—based digital technology has the
potential to serve as an innovative strategy for strengthening adolescent health promotion, particularly in
efforts to prevent anemia in school settings. The findings of this study support the integration of the Anemia
Rematri application into school-based adolescent health programs, including the School Health
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Program/Usaha Kesehatan Sekolah (UKS) and iron supplementation programs. In addition, policymakers
may consider incorporating digital health platforms into adolescent health promotion strategies, while
educators and health program managers may utilize interactive applications as tools to enhance health
literacy and adolescent engagement. Future research should involve broader populations, longer intervention
periods, and evaluations of health behavior changes and clinical outcomes, including adherence to iron
supplementation and changes in hemoglobin levels.

CONFLICT OF INTEREST STATEMENT
No conflicts of interest, either directly or indirectly, were identified in relation to the present article.

ETHICAL APPROVAL
This study has received ethical approval from the Research Ethics Committee of Poltekkes Kemenkes
Palangka Raya, with approval number 0199/V1I1/KE.PE/2025 dated July 15, 2025.

REFERENCES

[1] J. A. Singh, M. Siddiqi, P. Parameshwar, and V. Chandra-Mouli, “World Health Organization guidance on ethical considerations
in planning and reviewing research studies on sexual and reproductive health in adolescents,” Journal of Adolescent Health, vol.
64, no. 4, pp. 427429, Apr. 2019, doi: 10.1016/j.jadohealth.2019.01.008.

[2] P. Sari, D. M. D. Herawati, M. Dhamayanti, and D. Hilmanto, “Anemia among adolescent girls in West Java, Indonesia: related
factors and consequences on the quality of life,” Nutrients, vol. 14, no. 18, Sep. 2022, doi: 10.3390/nu14183777.

[3] S.R. Pasricha, J. Tye-Din, M. U. Muckenthaler, and D. W. Swinkels, “Iron deficiency,” Lancet Publishing Group, vol. 397, no.
10270, pp. 233-248, 2021, doi: 10.1016/S0140-6736(20)32594-0.

[4] G. A. Stevens et al., “National, regional, and global estimates of anaemia by severity in women and children for 2000-19: a pooled
analysis of population-representative data,” The Lancet Global Health, vol. 10, no. 5, pp. e627-e639, May 2022, doi:
10.1016/S2214-109X(22)00084-5.

[5] N.J. Kassebaum et al., “A systematic analysis of global anemia burden from 1990 to 2010,” Blood, vol. 123, no. 5, pp. 615-624,
2013, doi: 10.1182/blood-2013-06.

[6] WHO, World Health Statistic, monitoring health for the SDGs, sustainable development goals, 2021.

[7]1 Kemenkes RI, “Survei Kesehatan Indonesia (SKI) dalam angka,” 2023. Accessed: Dec. 30, 2025. [Online]. Available:
https://www.badankebijakan.kemkes.go.id/hasil-ski-2023/.

[8] O. S. Ghadam, M. Fararouei, M. Shahraki, and Z. Sohrabi, “Prevalence of iron deficiency anemia among adolescent girls in the
city of Saravan,” Journal of Pharmacy and Nutrition Sciences, vol. 10, no. 2, pp. 68-73, 2020, doi: 10.29169/1927-
5951.2020.10.02.4.

[9] Kemenkes RI, “Pedoman pencegahan dan penanggulangan anemia pada remaja putri dan wanita usia subur (WUS),” Jakarta, 2018.
[Online]. Available: https://ayosehat.kemkes.go.id/buku-pedoman-pencegahan-dan-penanggulangan-anemia-pada-remaja-putri-
dan-wanita-usia-subur.

[10] B. Chalise et al., “Prevalence and correlates of anemia among adolescents in Nepal: Findings from a nationally representative
cross-sectional survey,” PL0oS One, vol. 13, no. 12, pp. 1-11, 2018, doi: 10.1371/journal.pone.0208878.

[11] Kemenkes RI, “Survei Demografi dan Kesehatan Indonesia: Kesehatan Reproduksi Remaja,” 2018.

[12] Y. Balarajan, U. Ramakrishnan, E. Ozaltin, A. H. Shankar, and S. V. Subramanian, “Anaemia in low-income and middle-income
countries,” The lancet, vol. 378, no. 9809, pp. 2123-2135, 2011, doi: 10.1016/S0140-6736(10)62304-5.

[13] R. Riesmiyatiningdyah, K. W. R. Putra, and A. Sulistyowati, “Improved knowledge of youth related to anemia,” Community
Service Journal of Indonesia, vol. 3, no. 1, pp. 4-6, 2021, doi: 10.36720/cs;ji.v3i1.285.

[14] Y. Siswanto, F. Aini, and R. Apriyatmoko, “Adolescent knowledge of anemia,” In ISMINA 2021: Proceedings of the 5th
International Conference on Sports, Health, and Physical Education, ISMINA 2021, 28-29 April 2021, Semarang, Central Java,
Indonesia, pp. 10-15, 2021, doi: 10.4108/eai.28-4-2021.2312228.

[15] M. Saju and M. Mohammad, “Enhancing health: effective interventions addressing iron-deficiency anaemia among adolescent
girls and reproductive-aged women in India: a comprehensive systematic review,” Journal of Integrated Health, vol. 4, no. 1, pp.
332-350, Feb. 2025, doi: 10.51219/jih/muthulekshmi-saju/58.

[16] K. L. Amon et al., “Exploring the digital health landscape: how adolescents living in urban and rural Vanuatu use social media to
access health information,” Open Research Europe, vol. 5, p. 148, May 2025, doi: 10.12688/openreseurope.19670.1.

[17] T. Ahmed, “Effect of mHealth tool on knowledge regarding reproductive health of school going adolescent girls: A before-after
quasi-experimental study,” BMJ Open, vol. 10, no. 10, Oct. 2020, doi: 10.1136/bmjopen-2019-036656.

[18] C. Free et al., “The Effectiveness of mobile-health technology-based health behaviour change or disease management interventions
for health care consumers: a systematic review,” PLoS Medicine, vol. 10, no. 1, Jan. 2013, doi: 10.1371/journal.pmed.1001362.

[19] M. S. Marcolino, J. A. Q. Oliveira, M. D’Agostino, A. L. Ribeiro, M. B. M. Alkmim, and D. Novillo-Ortiz, “The impact of
mHealth interventions: systematic review of systematic reviews,” JMIR mHealth and uHealth, vol. 6, no. 1, p. €23, 2018, doi:
10.2196/mhealth.8873.

[20] Z. R. Li et al., “Usability and effectiveness of eHealth and mHealth interventions that support self-management and health care
transition in adolescents and young adults with chronic disease: systematic review,” Journal of Medical Internet Research, vol. 26,
2024, doi: 10.2196/56556.

[21] B. Singh et al., “Lifestyle eHealth and mHealth interventions for children and adolescents: systematic umbrella review and meta—
meta-analysis,” Journal of Medical Internet Research, vol. 27, 2025, doi: 10.2196/69065.

[22] M. J. Rahman et al., “Impact of mobile health-based nutritional education on hemoglobin levels in anemic adolescent girls in rural
Bangladesh: a randomized controlled trial,” BMC Public Health, vol. 25, no. 1, Dec. 2025, doi: 10.1186/s12889-025-23687-z.

Effectiveness of the anemia rematri m-health application on knowledge and ... (Greiny Arisani)



658 a ISSN: 2252-8806

[23] S. Hamine, E. Gerth-Guyette, D. Faulx, B. B. Green, and A. S. Ginsburg, “Impact of mHealth chronic disease management on
treatment adherence and patient outcomes: A systematic review,” Journal of Medical Internet Research, vol. 17, no. 2, 2015, doi:
10.2196/jmir.3951.

[24] P. Peprah et al., “Knowledge, attitude, and use of mHealth technology among students in Ghana: A university-based survey,” BMC
Medical Informatics and Decision Making, vol. 19, no. 1, 2019, doi: 10.1186/s12911-019-0947-0.

[25] P. Sari, D. M. D. Herawati, M. Dhamayanti, T. L. H. Ma’ruf, and D. Hilmanto, “The effect of mobile health (m-Health) education
based on WANTER application on knowledge, attitude, and practice (KAP) regarding anemia among female students in a rural
area of Indonesia,” Healthcare, vol. 10, no. 10, 2022, doi: 10.3390/healthcare10101933.

[26] P. Ghosh et al., “mHealth app features that facilitate adolescent use for lifestyle management, and are endorsed by caregivers and
health care providers,” Mhealth, vol. 10, p. 21, Jul. 2024, doi: 10.21037/mhealth-24-3.

[27] N. N. Abu-Baker, A. M. Eyadat, and A. M. Khamaiseh, “The impact of nutrition education on knowledge, attitude, and practice
regarding iron deficiency anemia among female adolescent students in Jordan,” Heliyon, vol. 7, no. 2, Feb. 2021, doi:
10.1016/j.heliyon.2021.e06348.

[28] L. Andriani, D. Simbolon, F. Riastuti, A. S. Villia, and Z. Muslim, “Jalinan Kasih android mobile phone application improves
knowledge, attitude, and practice regarding early marriage among high school students: Evidence from quasi-experimental study,”
African Journal of Reproductive Health/La Revue Africaine de la Santé Reproductive, vol. 28, no. 5, pp. 47-54, Jul. 2024, doi:
10.29063/ajrh2024/v28i5.6.

[29] I. M. Pires, G. Marques, N. M. Garcia, F. Fl6rez-revuelta, V. Ponciano, and S. Oniani, “A research on the classification and
applicability of the mobile health applications,” Journal of Personalized Medicine, vol. 10, no. 1, 2020, doi:
10.3390/jpm10010011.

[30] A. Alharbi, “Knowledge, attitude and practice toward the mHealth app Mawid: A cross-sectional study,” International Health, vol.
15, no. 3, pp. 342-350, May 2023, doi: 10.1093/inthealth/ihac062.

[31] L. C. Ming et al., “Mobile health apps on COVID-19 launched in the early days of the pandemic: Content analysis and review,”
JMIR Mhealth Uhealth, vol. 8, no. 9, pp. 1-17, 2020, doi: 10.2196/19796.

[32] D. A. Lane et al., “Mobile health applications for managing atrial fibrillation for healthcare professionals and patients: A
systematic review,” Europace, vol. 22, no. 10, pp. 1567-1578, 2020, doi: 10.1093/europace/euaa269.

[33] M. J. Rahman et al., “Impact of mobile health-based nutritional education on hemoglobin levels in anemic adolescent girls in rural
Bangladesh: a randomized controlled trial,” BMC Public Health, vol. 25, no. 1, Dec. 2025, doi: 10.1186/512889-025-23687-z.

[34] Y. H. S. Putri, I. Maryati, and T. Solehati, “Interventions to improve sexual and reproductive health related knowledge and
attitudes among the adolescents: scoping review,” Risk Management and Healthcare Policy, vol 18, 2025, doi:
10.2147/RMHP.S490395.

[35] O. W. Akande et al., “The effectiveness of an m-Health intervention on the sexual and reproductive health of in-school
adolescents: a cluster randomized controlled trial in Nigeria,” Reproductive Health, vol. 21, no. 1, Dec 2024, doi: 10.1186/s12978-
023-01735-4.

[36] N. M. Coelho, M. M. C. Cunha, and P. S. Avila, “Application of the Industry 4.0 Technologies to Mobile Learning and Health
Education Apps,” FME Transactions, vol. 49, no. 4, pp. 876-885, 2021, doi: 10.5937/FME2104876M.

[37] H. Baumann et al., “Effectiveness of mHealth interventions targeting physical activity, sedentary behaviour, sleep or nutrition on
emotional, behavioural and eating disorders in adolescents: a systematic review and meta-analysis,” Frontiers in Digital Health,
vol. 7, 2025, doi: 10.3389/fdgth.2025.1593677.

[38] M. Goldstein et al., “Systematic review of mHealth interventions for adolescent and young adult HIV prevention and the adolescent
HIV continuum of care in low to middle income countries,” AIDS and Behavior, vol. 27, 2023, doi: 10.1007/s10461-022-03840-0.

[39] H. Feng et al., “Promoting the social implementation of digital and mobile health: effects of regulation on user and non-user
behavior in East Asia,” Drug Discovery Today, vol. 29, no.10, 2024, doi: 10.1016/j.drudis.2024.104136.

[40] WHO, “The global strategy for women’s, children’s and adolescent’s health (2016-2030),” 2015. Accessed: Mar. 20, 2026.
[Online]. Available: www.everywomaneverychild.org.

BIOGRAPHIES OF AUTHORS

Greiny Arisani ki © is a lecturer in the Diploma Il Midwifery Study Program,
Department of Midwifery, Poltekkes Kemenkes Palangka Raya, Indonesia. Her research interests
focus on adolescent reproductive health, maternal and child health, and public health. She has
authored several academic books, including reproductive health and family planning, midwifery
care for labor and newborns, fundamentals of reproductive health and family reproduction,
midwifery and maternal nutrition health, and midwifery care in pregnancy. In addition to her
publications, she is actively involved in research and community service activities in midwifery
and public health. She can be contacted at email: arysanie@gmail.com or
greiny.arisani@polkesraya.ac.id.

Seri Wahyuni © B4 B8 © s a lecturer in the Diploma I11 Midwifery Study Program, Department
of Midwifery, Poltekkes Kemenkes Palangka Raya, Indonesia. Her research interests include
adolescent reproductive health, maternal and child health, and public health. She has authored
several academic books, such as adolescent reproductive health, reproductive health and family
planning, family planning services, midwifery care in pregnancy and midwifery care for labor and
newborns. In addition to her publications, she has actively conducted research and community
engagement activities in the fields of midwifery and public health. Her scholarly work focuses on
improving maternal and reproductive health outcomes through evidence-based practice and
community-oriented approaches. She can be contacted at email: seriheru80@gmail.com or
seriwahyuni@polkesraya.ac.id.

Int J Public Health Sci, Vol. 15, No. 3, September 2026: 660-668


mailto:arysanie@gmail.com
mailto:seriheru80@gmail.com
https://orcid.org/0000-0001-6423-1439
https://scholar.google.com/citations?user=PAaAdNEAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57221784446
http://orcid.org/0000-0001-9547-9357
https://scholar.google.com/citations?user=gPjuH6EAAAAJ&hl=en

